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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204-569 are owned by Merck or are data for which 
Merck has obtained a written right of reference.  Any data or information described or 
referenced from a previously approved application that Merck does not own (or from 
FDA reviews or summaries of a previously approved application) are for descriptive 
purposes only and are not relied upon for approval of NDA 204-569. 
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1 Executive Summary 

1.1 Recommendations 

1.1.1 Approvability 
After review of the studies submitted in the original NDA it was recommended, from a 
nonclinical perspective, that suvorexant be approved.  Studies submitted in the present 
resubmission do not influence that decision; therefore, from a nonclinical perspective, 
the recommendation is still for suvorexant to be approved. 
 
1.1.2 Additional Nonclinical Recommendations 
The Sponsor has not provided any new data to change the Division’s recommended 
wording concerning cataplexy and the new data for retinal atrophy findings suggest that 
eye pigmentation slows the development of retinal atrophy.  Therefore, wording in the 
label should remain largely the same to the one recommended by the Division (CR; 
June 28, 2013), with inclusion of wording about the results in Long-Evans rats that 
suggest eye pigmentation slows the development of retinal atrophy. 
 
1.1.3 Labeling 

13.2 Animal Toxicology and/or Pharmacology 
In dogs, daily oral administration of suvorexant (5, 30 mg/kg) for 4-7 days resulted in 
behavior characteristic of cataplexy (e.g., transient limb buckling, prone posture) when 
presented with food enrichment, a stimulus demonstrated to induce cataplexy in dogs 
with hereditary narcolepsy. 
 
In the 2-year carcinogenicity study in rat, an increased incidence of retinal atrophy was 
observed at all doses. Plasma AUCs at the lowest dose tested were approximately 7 
times that in humans at the MRHD.  The mechanism involved in this finding is unknown.  
In chronic studies in albino and pigmented rats, an increase in incidence and severity of 
retinal atrophy was observed in albino rats.  Retinal atrophy was observed in pigmented 
rats, but was present at a lower incidence and severity compared to albino rats, 
suggesting that eye pigmentation slows the development of retinal atrophy. 

 

1.2 Brief Discussion of Nonclinical Findings 

The studies submitted in this resubmission included a pharmacology study with 
L-001911942 and two chronic (12- and 18-month) toxicology studies with MK-4305 to 
investigate the retinal atrophy findings observed in the rat carcinogenicity study.  The 
pharmacology study conducted with L-001911942, another orexin antagonist, showed 
that a suprapharmacologic dose (1552-fold the minimal effective dose (MED)) of 
L-001911942 increased wakefulness.  No data were provided to demonstrate that a 
similar effect is observed with MK-4305.  The two chronic toxicology studies confirmed 
that MK-4305 increases the incidence of retinal atrophy in Sprague-Dawley rats and 
demonstrated that retinal atrophy also occurred Long-Evans rats, although later and at 
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a lower incidence rate, suggesting that pigmentation slows the development of retinal 
atrophy. 
 

2 Drug Information 

2.1 Drug:    

2.1.1 CAS Registry Number:  1030377-33-3 

2.1.2 Generic Name:  Suvorexant® 

2.1.3 Code Name:  MK-4305, L-001958419 

2.1.4 Chemical Name: 5-Chloro-2-{(5R)-5-methyl-4-[5-methyl-2-(2H-1,2,3-triazol-2-
yl)benzoyl]- 1,4-diazepan-1-yl}-1,3-benzoxazole 

2.1.5 Molecular Formula/Molecular Weight:  C23H23ClN6O2; 450.93. 

2.1.6 Structure:   

 
 
2.1.7 Pharmacologic class:  Selective orexin-1 and orexin-2 receptor antagonist. 
 

2.2 Relevant INDs, NDAs, and DMFs 

IND 101,847 (DNP, Treatment of insomnia) 
 

2.3 Clinical Formulation:   

Drug Formulation 
Suvorexant® is a white  powder that is formulated into film-coated tablets for 
oral administration. 
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consider MK-4305 for treatment of insomnia on May 22, 2013. The application was 
given a CR (letter dated 6/28/2013) because the 15 mg dose did not present an 
acceptable risk as a starting dose for patients with insomnia and manufacturing data 
necessary to support approval of a 10 mg dosage form had not been submitted in the 
original NDA submission.  The Sponsor resubmitted on February 14, 2014.  The action 
date is August 14, 2014. 
 

3 Studies 

3.1 Studies reviewed 
 Pharmacology Studies 

• Study report PD009:  MK-4305:  Sleep/wake effects of 10-day safety-dose 
DORA-12 (L-001911942) (500 mpk/day PO) in rats. 

Other Toxicity Studies 
• Other Studies 

o Study report TT116044:  MK-4305:  Exploratory 7-day oral tolerability and 
toxicokinetic study in female Sprague-Dawley and Long-Evans rats. 

o Study report TT120005:  MK-4305:  One-year oral toxicity study in female 
rats. 

o Study report TT126012:  MK-4305:  Eighteen-month oral retinopathy study 
in Long Evans and Sprague-Dawley female rats with a 1-month 
toxicokinetic evaluation. 
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4 Pharmacology 

4.1 Primary Pharmacology 

MK-4305:  Sleep/wake effects of 10-day safety-dose DORA-12 (L-001911942) 
(500 mpk/day PO) in rats.  (Study report PD009) 
 
Adult Sprague-Dawley rats (n = 12) housed individually on 12:12 light:dark cycle were 
dosed first with vehicle (7 days) followed by 500 mg/kg L-001911942 (10 days).  Vehicle 
and L-001911942 (a different orexin receptor antagonist) were administered orally 
4 hours into the lights-on (inactive) phase.  Cortical brain electrocorticography (ECoG), 
neck muscle electromyography (EMG), activity, and body temperature were recorded 
continuously 23.5 hours/day.  ECoG/EMG/activity data were analyzed in 30-minute 
epochs and classified as Active Wake, Quiet Wake, Delta Sleep, or REM Sleep.  Active 
and Quiet Wake were combined in to “Wake” for assessment of the time spent in an 
“open-eye” state.  Blood samples were taken from satellite rats at 0, 0.5, 1, 2, 4, 8, and 
24 hours post-dose. 
 
L-001911942 increased the amount of time rats spent in the Wake period during the 
lights-on phase by 28 minutes, compared to vehicle.  L-001911942 decreased body 
temperature by approximately 1ºC.  Plasma exposure after a single dose of 500 mg/kg 
L-001911942 was 171 µM*h (AUC) and 10 µM (Cmax) with Tmax at 24 hours. 
 
Figure: effect of MK-4305 on Wake time in rat (Sponsor’s) 
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Body Weights 
Body weights were recorded pretreatment and once a week until Week 14 and once 
every 4 weeks until Week 50. 
 
Body weight effects were not observed in treated Sprague-Dawley F. In Long-Evans F, 
a slight decrease in body weight gain (9%) was observed at the end of treatment. 
 
Figure: body weight changes (Sponsor’s) 

 
 
Food Consumption 
For Sprague-Dawley rats, food consumption was determined twice weekly until 
Week 14 and twice weekly every 4 weeks to the end of treatment, Week 53, by 
examining for the presence of food.  Food consumption was considered unsatisfactory if 
any food was remaining.  For Long-Evans rats, food consumption was measured once 
weekly over a 2- to 7-day period in Week 1 and from Week 3 until Week 14 and once 
weekly every 4 weeks until Week 50. 
 
In general, a decrease in mean weekly food consumption of approximately 10% (up to a 
maximum of 17%) was observed throughout the study in MK-4305-treated Long-Evans 
rats.  Food consumption in Sprague-Dawley rats was generally considered satisfactory. 
 
Ophthalmoscopy 
Examinations (slit lamp biomicroscopy and indirect ophthalmoscopy) were performed 
pretreatment and on Days 89, 182, 273, and 365. 
 
Bilateral fundus pallor and bilateral fundus hyper-reflectivity were observed in MK-4305 
treated Sprague-Dawley, but not Long-Evans, rats.  Fundus pallor was observed on 
Days 182 (24%), 273 (20%), and 365 (17%) with the incidence being generally similar 
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at the different time points.  Hyper-reflectivity was observed at Day 365 in 2 of 
24 MK-4305 treated Sprague-Dawley rats. 
 
Table: Ophthalmic observations (Sponsor’s) 

 
 
Gross Pathology 
Gross pathology was assessed in all animals. 
 
No changes were observed at the 3- and 6-month interim sacrifices.  After 12 months of 
MK-4305 treatment thyroid size was increased in, 3 Sprague-Dawley F and 
9 Long-Evans F and liver size was increased in 10 Sprague-Dawley F and 
8 Long-Evans F. 
 
Organ Weights 
At necropsy, the following organs were weighed: adrenals, brain, heart, ovaries, 
thyroids, liver, kidneys, spleen, and pituitary. 
 
Statistically significant increases in heart, kidney, liver, and thyroid weights were 
observed after 3, 6, and 12 months. 
 
Table: changes in absolute organ weight compared to controls 

 Brain Heart Kidney Liver Spleen Ovary Thyroid Adrenal Pituitary 
Sprague-Dawley 

Week 14: -4%* +9%* +9%* +114%* -2% +6% +63%* +4% -7% 
Week 27: -4%* +13%* +10%* +126%* +2% +13% +47%* -4% -3% 
Week 53: -2% +7%* +18%* +119%* -9% +6% +51%* +2% -37% 

Long-Evans 
Week 14: -4%* +7% +2% +85%* -10%* +9% +91%* 0% -1% 
Week 27: -3% +6% -1% +76%* -17%* +19% +79%* +2% -12%* 
Week 53: -1% -6% +2% +78%* -3% +17% +112%* +5% +16% 

* Statistically significant from control 
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Table: changes in organ weight (relative to body weight) compared to controls 
 Brain Heart Kidney Liver Spleen Ovary Thyroid Adrenal Pituitary 

Sprague-Dawley 
Week 14: -6%* +6% +5%* +108%* -4% +2% +59%* 0% +10%* 
Week 27: -4%* +13%* +10%* +126%* +1% +13% +48%* -4% -3% 
Week 53: +2% +11%* +22%* +126%* -4% +11% +56%* +5% -39% 

Long-Evans 
Week 14: -8%* +3% 0% +80%* -12%* +4% +83%* -4% -4% 
Week 27: +5% +15%* +7% +91%* -9% +27%* +94%* -10% -5% 
Week 53: +6% +2% +3% +87%* +1% +24% +128%* +14% +17% 

* Statistically significant from control 
 
Histopathology 
At necropsy, the right eye was injected with 1% formaldehyde and 1.25% 
glutaraldehyde and then placed in the formaldehyde and glutaraldehyde fixative 
mixture.  Portions of the right eye (retina, choroid, with sclera) were collected and 
embedded for potential transmission electron microscopy, with the remainder placed 
into 10% formalin and prepared for histopathology.  The left eye was placed into 
modified Davidson’s fixative and prepared for histopathology.  Right and left eyes from 
all rats at the 3- and 6-month interim sacrifice, and a majority of animals at final 
necropsy were prepared and examined microscopically. Only the left eye was available 
for evaluation from 2 to 5 animals/group at final necropsy.  Tissues with gross 
observations were evaluated microscopically, at discretion of the Study Pathologist. 
 
Adequate Battery:  Yes. 
Peer Review:  Yes,  (page 187). 
Signed Pathology report:  Yes, by G. K. Miller, DVM, PhD (page 914). 
Signed amended Pathology report:  Yes, by V. T. Hamilton (page 844). 
 
Histological Findings 
No histopathological findings were noted in the eyes of MK-4305 treated 
Sprague-Dawley or Long-Evans rats after 3 and 6 months and after 12 months in 
Long-Evans rats.  After 12 months, histopathological findings in the eyes of 
Sprague-Dawley rats included decreased thickness of the outer nuclear layer and 
retinal atrophy that exhibited thinning of the outer nuclear layer accompanied with 
collapse of the outer plexiform layer and thinning of the outer segments (rods and 
cones). 
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Summary of selected microscopic findings 
  Sprague-Dawley  Long-Evans 
  0 200 0 200 
Tissue Findings Week: 14 27 53* 14 27 53$ 14 27 53# 14 27 53@ 
Eye Cornea epithelial thickening 

very slight: 
Retina anomaly 

present: 
Retina decreased thickness  

very slight: 
slight: 

moderate: 
Retina atrophy  

very slight: 
slight: 

moderate: 
marked: 

 
0/20 

 
1/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/20 

 
0/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/23 

 
1/23 

 
0/23 
0/23 
0/23 

 
0/23 
0/23 
0/23 
0/23 

 
0/20 

 
1/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/20 

 
3/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/24 

 
0/24 

 
4/24 
2/24 
0/24 

 
3/24 
3/24 
2/24 
1/24 

 
1/20 

 
0/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/20 

 
0/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/21 

 
0/21 

 
0/21 
0/21 
1/21 

 
0/21 
0/21 
0/21 
0/21 

 
0/20 

 
0/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/20 

 
0/20 

 
0/20 
0/20 
0/20 

 
0/20 
0/20 
0/20 
0/20 

 
0/24 

 
0/24 

 
0/24 
0/24 
0/24 

 
0/24 
0/24 
0/24 
0/24 

*The 2 rats that died in Weeks 38 and 40 had no eye findings.  #The 4 rats that died in Week 19, 25, 40, or 52 
had no eye findings.  $The rat that died in Week 52 had slight retina atrophy.  @The rat that died in Week 37 
had no eye findings. 
 
Toxicokinetics 
To measure plasma exposure to MK-4305 and L-002015883 (metabolite M9), blood 
samples were taken in Week 4 at 0.5, 1, 2, 4, 8, and 24 hours post-dose, and at 4 hours 
post-dose on Days 92, 93, 183, 184, 369, and 370 from both Sprague-Dawley and 
Long-Evans. 
 
Tmax and plasma exposure (Cmax and AUC) to MK-4305 and L-002015883 were similar 
in Sprague-Dawley and Long-Evans rats at Week 4.  In Weeks 13, 26, and 52, plasma 
MK-4305 levels at 4 hours post-dose ranged from 28 to 47 µM in Sprague-Dawley rats 
and from 31 to 50 µM in Long-Evans rats.  In Weeks 13, 26, and 52, plasma 
L-002015883 levels at 4 hours post-dose ranged from 1.7 to 2.3 µM in Sprague-Dawley 
rats and from 1.7 to 2.2 µM Long-Evans rats. 
 
Tables: toxicokinetic parameters (Sponsor’s) 
MK-4305 
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L-002015883 

 
 
Table: plasma levels at 4 hours post-dose on Weeks 13, 26, and 52 
Analyte Rat strain Day 92 Day 93 Day 183 Day 184 Day 369 Day 370 

MK-4305 Sprague-Dawley 42 µM 31 µM 32 µM 36 µM 28 µM 47 µM 
Long-Evans 31 µM 40 µM 50 µM 46 µM 41 µM 38 µM 

L-002015883 Sprague-Dawley 2.3 µM 2.0 µM 2.2 µM 2.2 µM 1.7 µM 2.1 µM 
Long-Evans 1.7 µM 2.0 µM 2.2 µM 2.1 µM 1.8 µM 1.8 µM 

 
Study title:  MK-4305:  Eighteen-month oral retinopathy study in Long Evans and 
Sprague-Dawley female rats with a 1-month toxicokinetic evaluation 

Study no.: TT126012 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
Route de Marsat, Riom, 
63963 Clermont-Ferrand Cedex 9,  
France 

Date of study initiation: February 15, 2012 
GLP compliance: Yes (US; 21 CFR 58) 

QA statement: Yes (Dated: December 6, 2013) 
Drug, lot #, and % purity: MK-4305, Lots L-001958419-010J007 

(Weeks 1-32) and L-001958419-010J008 
(Weeks 32-80), ≥ 97.8%. 

 
Key Study Findings 

• Bilateral fundus pallor and bilateral fundus hyper-reflectivity were observed in 
MK-4305 treated Sprague-Dawley, but not Long-Evans, rats. 

• After 9 and 12 months of MK-4305 treatment, histopathological findings in the 
eyes of Sprague-Dawley rats included decreased thickness of the outer nuclear 
layer and retinal atrophy.  Retinal atrophy was seen at 12 months in a few LD 
(6%) and HD (7%) Long-Evans F.  Assessment of any further progression of 
these findings was not possible, as the rats sacrificed at 18-months were not 
assessed microscopically. 

• Plasma exposure to MK-4305 was slightly greater in Long-Evans rats. 
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Clinical Signs 
Observations were performed weekly. 
 
Salivation occurred in almost all MK-4305 treated Sprague-Dawley and Long-Evans F 
starting at Week 2.  Skin and fur staining was observed in 18 and 78 Sprague-Dawley 
control and MK-4305 treated F, respectively, and 14, 21, and 27 Long-Evans control, 
80, and 200 mg/kg/day MK-4305 treated F, respectively.  Activity was decreased in 
28 MK-4305 treated Sprague-Dawley F (compared to 3 control F) and all MK-4305 
treated Long-Evans F (compared to 17 control F) starting at Week 2. 
 
Palpations 
All animals were palpated for masses generally every 4 weeks beginning in Week 26. 
 
The Sponsor decided in Amendment 15 that “since there will be no histopathological 
examination of any mass, the data obtained from the in vivo palpations of the animals 
will not be reported or discussed in the interim or final report.” 
 
Body Weights 
Body weights were recorded pretreatment and once a week until Week 14 and 
generally once every 4 weeks to the end of treatment. 
 
Decreases in body weight gain at Weeks 34, 50, and 79 were 7%, 10%, and 15% in HD 
Sprague-Dawley, respectively, and 17%, 15%, and 16% in HD Long-Evans rats, 
respectively. 
 
Figure of body weight changes (Sponsor’s) 
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Food Consumption 
For Sprague-Dawley F, food consumption was determined once every 4 weeks to the 
end of treatment.  Cages housing Sprague-Dawley F were examined for the presence 
of food.  Food consumption was considered unsatisfactory if any food was remaining.  
Food consumption for Long-Evans F was measured over a 2 to 4-day period during 
treatment. 
 
In general, there was no decrease in mean weekly food consumption in MK-4305 
treated Long-Evans rats compared to control F.  Food consumption in Sprague-Dawley 
F was generally considered satisfactory. 
 
Ophthalmoscopy 
Ophthalmoscopy examinations (slit lamp biomicroscopy and indirect ophthalmoscopy) 
were performed pretreatment and during Weeks 38, 52, and 77 on Sprague-Dawley and 
Long-Evans F. 
 
Bilateral fundus pallor, indicative of a decreased perfusion of the retinal and/or choroidal 
vasculature, and bilateral fundus hyper-reflectivity, indicative of retinal and/or choroidal 
thinning in addition to vascular attenuation, were observed in MK-4305 treated 
Sprague-Dawley F, but not in Long-Evans F.  Increase incidence of fundus pallor and 
hyper-reflectivity was observed in MK-4305 treated Sprague-Dawley F in Weeks 52 and 
77, respectively.  In Sprague-Dawley F, fundus pallor was observed in MK-4305 treated 
F in Weeks 38 (6%), 52 (50%), and 77 (21%), but also in control F in Weeks 38 (8%), 
52 (29%), and 77 (50%).  In Week 77, fundus hyper-reflectivity was observed in control 
(15%) and MK-4305 treated (72%) F.  In Week 77, no fundus pallor was observed in 
rats that were observed with hyper-reflectivity. Four of the 6 control F and 22 of the 34 
MK-4305 treated F with hyper-reflectivity in Week 77 had an observation of fundus 
pallor in Week 52.  Correlation of hyper-reflectivity with histopathological findings could 
not be determined as histopathology was not performed on rats sacrificed in Week 77. 
 
Table: ophthalmic observations 
Strain Dose Group Finding Pretreatment Week 38 Week 52 Week 77 

Sprague-Dawley 

Control 
Fundus pallor 0/150 

(0%) 
11/146 
(8%) 

28/96 
(29%) 

20/40 
(50%) 

Hyperreflectivity 0/150 
(0%) 

0/146 
(0%) 

0/96 
(0%) 

6/40 
(15%) 

200 mg/kg/day 
Fundus pallor 0/150 

(0%) 
9/148 
(6%) 

50/100 
(50%) 

10/47 
(21%) 

Hyperreflectivity 0/150 
(0%) 

1/148 
(1%) 

0/100 
(0%) 

34/47 
(72%) 

Long-Evans 

Control 
Fundus pallor 0/150 

(0%) 
0/146 
(0%) 

0/96 
(0%) 

0/39 
(0%) 

Hyperreflectivity 0/150 
(0%) 

0/146 
(0%) 

0/96 
(0%) 

0/39 
(0%) 

80 mg/kg/day 
Fundus pallor 0/150 

(0%) 
0/147 
(0%) 

0/97 
(0%) 

0/43 
(0%) 

Hyperreflectivity 0/150 
(0%) 

0/147 
(0%) 

0/97 
(0%) 

0/43 
(0%) 
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Strain Dose Group Finding Pretreatment Week 38 Week 52 Week 77 

Long-Evans 200 mg/kg/day 
Fundus pallor 0/150 

(0%) 
0/146 
(0%) 

0/94 
(0%) 

0/45 
(0%) 

Hyperreflectivity 0/150 
(0%) 

0/146 
(0%) 

0/94 
(0%) 

0/45 
(0%) 

 
Table: Severity of ophthalmic fundus in Sprague-Dawley rats 

Observation: Week 38 Week 52 Week 77 
mg/kg/day: 0 200 0 200 0 200 

F №’s: 
Finding 

0001-
0099 

1001-
1099 

0501-
0599 Total 

0101-
0199 

1101-
1199 

0601-
0699 Total 

1001-
1099 

0501-
0599 Total 

1101-
1199 

0601-
0699 Total 

0501-
0599 

0601-
0699 

LEFT EYE 
Pallor 

very slight: 
slight: 

Pallor - medium 
very slight: 

Pallor - total 
very slight: 

slight: 
moderate: 

 
2/49 
0/49 

 
0/49 

 
0/49 
0/49 
0/49 

 
4/50 
1/50 

 
0/50 

 
0/50 
0/50 
0/50 

 
4/47 
0/47 

 
0/47 

 
0/47 
0/47 
0/47 

 
10/146 
1/146 

 
0/146 

 
0/146 
0/146 
0/146 

 
2/48 
0/48 

 
0/48 

 
0/48 
0/48 
0/48 

 
3/50 
0/50 

 
0/50 

 
0/50 
0/50 
0/50 

 
4/50 
0/50 

 
0/50 

 
0/50 
0/50 
0/50 

 
9/148 
0/148 

 
0/148 

 
0/148 
0/148 
0/148 

 
0/50 
1/50 

 
0/50 

 
12/50 
1/50 
0/50 

 
0/46 
0/46 

 
1/46 

 
8/46 
2/46 
0/46 

 
0/96 
1/96 

 
1/96 

 
20/96 
3/96 
0/96 

 
0/50 
0/50 

 
0/50 

 
18/50 
5/50 
0/50 

 
0/50 
0/50 

 
0/50 

 
21/50 
3/50 
0/50 

 
0/100 
0/100 

 
0/100 

 
39/100 
8/100 
0/100 

 
0/40 
0/40 

 
0/40 

 
8/40 
9/40 
1/40 

 
0/47 
0/47 

 
0/47 

 
0/47 
5/47 
4/47 

Hyperreflectivity 
very slight: 

slight: 
moderate: 

marked: 

 
0/49 
0/49 
0/49 
0/49 

 
0/50 
0/50 
0/50 
0/50 

 
0/47 
0/47 
0/47 
0/47 

 
0/146 
0/146 
0/146 
0/146 

 
0/48 
0/48 
0/48 
0/48 

 
0/50 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 
0/50 

 
0/148 
0/148 
0/148 
0/148 

 
0/50 
0/50 
0/50 
0/50 

 
0/46 
0/46 
0/46 
0/46 

 
0/96 
0/96 
0/96 
0/96 

 
0/50 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 
0/50 

 
0/100 
0/100 
0/100 
0/100 

 
2/40 
3/40 
0/40 
0/40 

 
5/47 

14/47 
14/47 
1/47 

RIGHT EYE 
Pallor 

very slight: 
slight: 

Pallor - total 
very slight: 

slight: 
moderate: 

 
2/49 
0/49 

 
0/49 
0/49 
0/49 

 
4/50 
1/50 

 
0/50 
0/50 
0/50 

 
4/47 
0/47 

 
0/47 
0/47 
0/47 

 
10/146 
1/146 

 
0/146 
0/146 
0/146 

 
1/48 
0/48 

 
0/48 
0/48 
0/48 

 
3/50 
0/50 

 
0/50 
0/50 
0/50 

 
4/50 
0/50 

 
0/50 
0/50 
0/50 

 
8/148 
0/148 

 
0/148 
0/148 
0/148 

 
0/50 
0/50 

 
12/50 
3/50 
0/50 

 
0/46 
0/46 

 
11/46 
2/46 
0/46 

 
0/96 
0/96 

 
23/96 
5/96 
0/96 

 
0/50 
0/50 

 
17/50 
5/50 
0/50 

 
0/50 
0/50 

 
23/50 
3/50 
0/50 

 
0/100 
0/100 

 
40/100 
8/100 
0/100 

 
0/40 
0/40 

 
9/40 
9/40 
1/40 

 
0/47 
0/47 

 
1/47 
6/47 
3/47 

Hyperreflectivity 
very slight: 

slight: 
moderate: 

marked: 

 
0/49 
0/49 
0/49 
0/49 

 
0/50 
0/50 
0/50 
0/50 

 
0/47 
0/47 
0/47 
0/47 

 
0/146 
0/146 
0/146 
0/146 

 
0/48 
0/48 
0/48 
0/48 

 
0/50 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 
0/50 

 
0/148 
0/148 
0/148 
0/148 

 
0/50 
0/50 
0/50 
0/50 

 
0/46 
0/46 
0/46 
0/46 

 
0/96 
0/96 
0/96 
0/96 

 
0/50 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 
0/50 

 
0/100 
0/100 
0/100 
0/100 

 
1/40 
5/40 
0/40 
0/40 

 
6/47 

15/47 
10/47 
1/47 

 
Gross Pathology 
Complete gross examination of tissues from an extensive list was assessed in all 
animals from scheduled interim sacrifices and rats found dead or sacrificed early prior to 
Week 72.  From Week 72 to the final necropsy, gross examination in all animals was 
limited to the eyes. 
 
There were no major macroscopic observations in eyes. 
 
Histopathology 
At scheduled necropsy, the right eye was injected with a mixture of 
1% formaldehyde/1.25% glutaraldehyde in 0.1 M phosphate buffer and then placed in 
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the same formaldehyde/glutaraldehyde fixative mixture.  Samples of the right eye 
(retina, choroid, with sclera) were collected and embedded for potential transmission 
electron microscopy with the remainder placed into 10% formalin and prepared for 
histopathology.  The left eye was placed into modified Davidson’s fixative and prepared 
for histopathology.  Up to Week 28, both eyes from rats found dead were fixed in 10% 
formalin; eyes from rats sacrificed early were fixed in modified Davidson’s solution.  
From Week 29 on, both eyes from found dead and early sacrificed rats were fixed in 
modified Davidson’s solution. No microscopic examination was performed after the 
12-month interim necropsy. 
 
Adequate Battery:  Yes. 
Peer Review:  Yes,  (page 368). 
Signed Pathology report:  Yes, by C. Boussiquet-Leroux, D.V.M. (page 1944). 
 
Histological Findings 
After 9 and 12 months of MK-4305 treatment, histopathological findings in the eyes of 
Sprague-Dawley rats included decreased thickness of the outer nuclear layer and 
retinal atrophy.  These findings increased in incidence and severity from 9 to 12 months, 
with half of Sprague-Dawley rats displaying retinal atrophy at 12 months.  In addition, 
retinal atrophy was seen at 12 months in a few LD (6%) and HD (7%) F in Long-Evans 
rats.  Assessment of any further progression of these findings was not possible, as the 
rats sacrificed at 18 months were not assessed microscopically. 
 
Most rats that died or were sacrificed early had no eye findings or could not be 
assessed due to autolysis except for 1 control Long-Evans that died in Week 28 with 
very slight cornea mineralization and 1 LD Long-Evans rat that died in Week 13 with 
very slight cornea inflammation. 
 
Summary of microscopic findings in the eye 

Finding                     Week: 

Sprague-Dawley Long-Evans 
0 200 0 80 200 

39 53 77 39 53 77 39 53 77 39 53 77 39 53 77 
Phthisis bulbi 

present: 
Retina dysplasia 

very slight: 
Decreased retina thickness  

very slight: 
slight: 

Retina atrophy  
very slight: 

slight: 
moderate: 

marked: 

 
0/49 

 
0/49 

 
0/49 
0/49 

 
0/49 
0/49 
0/49 
0/49 

 
0/50 

 
2/50 

 
2/50 
0/50 

 
2/50 
0/50 
0/50 
0/50 

 
0/0 

 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 
0/0 
0/0 

 
0/48 

 
1/48 

 
4/48 
1/48 

 
2/48 
0/48 
0/48 
0/48 

 
0/50 

 
2/50 

 
3/50 
4/50 

 
11/50 
10/50 
2/50 
2/50 

 
0/0 

 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 
0/0 
0/0 

 
1/46 

 
0/46 

 
0/46 
0/46 

 
0/46 
0/46 
0/46 
0/46 

 
0/49 

 
0/49 

 
0/49 
0/49 

 
0/49 
0/49 
0/49 
0/49 

 
0/0 

 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 
0/0 
0/0 

 
0/48 

 
0/48 

 
0/48 
0/48 

 
0/48 
0/48 
0/48 
0/48 

 
0/49 

 
0/49 

 
7/49 
0/49 

 
3/49 
0/49 
0/49 
0/49 

 
0/0 

 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 
0/0 
0/0 

 
0/50 

 
0/50 

 
1/50 
0/50 

 
0/50 
0/50 
0/50 
0/50 

 
0/45 

 
0/45 

 
5/45 
0/45 

 
3/45 
0/45 
0/45 
0/45 

 
0/0 

 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 
0/0 
0/0 

 

Toxicokinetics 
To measure plasma exposure to MK-4305 and L-002015883 (metabolite M9), blood 
samples were taken in Week 4 at 0.5, 1, 2, 4, 8, and 24 hours post-dose, and at 4 hours 
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post-dose on Days 267-271, 365-369, and 554-558 from Sprague-Dawley and 
Long-Evans rats. 
 
At Week 4, plasma exposure (Cmax and AUC) to MK-4305 and L-002015883 was 
slightly higher in Long-Evans F compared to Sprague-Dawley F at 200 mg/kg/day.  In 
Weeks 39, 52, and 79, plasma exposure to MK-4305 at 4 hours post-dose after 
200 mg/kg/day ranged from 27 to 36 µM in Sprague-Dawley F and from 44 to 54 µM in 
Long-Evans F. In Weeks 39, 52, and 79, plasma exposure to L-002015883 at 4 hours 
post-dose after 200 mg/kg/day ranged from 1.5 to 2.1 µM in Sprague-Dawley F and 
from 1.7 to 2.5 µM in Long-Evans F. 
 
Table: toxicokinetic parameters (Sponsor’s) 
MK-4305 

 
 
L-002015883 

 
 
Table: plasma levels at 4 hours post-dose in Weeks 39 and 52 
Analyte Rat strain Dose 

(mg/kg/day) 
Days 267-271 

(µM) 
Days 365-369 

(µM) 
Days 554-558 

(µM) 

MK-4305 
Sprague-Dawley 200 31 27 36 
Long-Evans 80 19 17 22 
Long-Evans 200 51 44 54 

L-002015883 
Sprague-Dawley 200 1.8 1.5 2.1 
Long-Evans 80 1.3 1.3 1.5 
Long-Evans 200 1.9 1.7 2.5 
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11 Integrated Summary and Safety Evaluation 
In the 2-year rat carcinogenicity study with MK-4305, a dose-dependent increase in the 
incidence of retinal atrophy was observed (see table below).  Following this observation, 
the Sponsor re-evaluated the 6-month rat toxicology studies in control and HD animals; 
no retinal atrophy was found. These data suggest that MK-4305 causes retinal atrophy 
after long-term use (greater than 6 months) in Sprague-Dawley rats.  To explore this 
effect further, the Sponsor conducted two long-term toxicity studies with MK-4305 in 
both Sprague-Dawley and Long-Evans rats and a pharmacology study with another 
orexin antagonist (L-001911942).  The Sponsor suggests from these studies that the 
dose-dependent retinal atrophy observed in the rat carcinogenicity study is due to 
increased eye open time resulting in increased light toxicity.  However, as the 
pharmacology study was conducted with L-001911942 rather than MK-4305, any 
conclusions drawn from this study about whether rats administered MK-4305 at the 
doses in the carcinogenicity study have increased eye open time are limited. 
 
Table: Findings of retinal atrophy in animals from the rat carcinogenicity study 

Finding 

MALE (mg/kg/day) FEMALE (mg/kg/day) 
0 0 80 160 325 0 0 40 80 325 

ANIMALS THAT LAST 102 WEEKS 
Retinal atrophy 

very slight: 
slight: 

 
Frequency: 

(30) 
4 
6 
 

33% 

(24) 
1 
2 
 

13% 

(26) 
2 
3 
 

20% 

(36) 
10 
10 
 

56% 

(29) 
6 
19 
 

86% 

(34) 
4 
1 
 

15% 

(27) 
1 
2 
 

11% 

(33) 
9 
3 
 

36% 

(36) 
15 
14 
 

81% 

(35) 
3 
27 
 

86% 

ANIMALS THAT DIED OR WERE SACRIFICED EARLY 
Retinal atrophy 

very slight: 
slight:  

 
Frequency: 

(16*) 
1 
1 
 

13% 

(25*) 
1 
1 
 

8% 

(20*) 
0 
2 
 

10% 

(12*) 
3 
2 
 

42% 

(16*) 
3 
2 
 

31% 

(12*) 
2 
0 
 

17% 

(19*) 
1 
0 
 

5% 

(17) 
1 
0 
 

6% 

(12*) 
3 
2 
 

42% 

(8*) 
2 
3 
 

63% 
Number of animals are in parenthesis; * indicates some animals had autolysed tissue.  
 
In a pharmacology study, L-001911942 administered orally to Sprague-Dawley rats 
4 hours into the lights-on phase for 10 days at 500 mg/kg resulted in a 28 minute 
increase in wake time during the 12-hour lights on period.  In the study, a single dose of 
500 mg/kg L-001911942 resulted in an AUC 1552-fold the AUC at the minimal effective 
dose (1 mg/kg) of L-001911942 for sleep.  In a 7-day study, oral MK-4305 reduced 
wake time (significantly increased the slow wave sleep and REM sleep) after 
administration at either 5 hours into normal wake (lights off) phase or 1 hour before 
normal sleep (lights on) phase. Oral MK-4305 increased sleep at 10, 30, and 100 mg/kg 
during the wake phase and at 30 mg/kg during the sleep phase; AUCs were 11, 7, and 
59 µM*h, for 10, 30, and 100 mg/kg, respectively.  Therefore, from these data, the MED 
of MK-4305 for sleep appears to be 10 mg/kg. 
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Table: Pharmacokinetic data for L-001911942 and MK-4305 in Sprague-Dawley female 
rats 

Study Drug Formulation 
Dose 

(mg/kg) Sample Time 
Cmax 
(µM) 

AUC 
(µM*h) Tmax (h) 

PD009 L-001911942  500 Single 10.1 171 24 
 1 Not given 0.08 0.11 0.5 

PD002 MK-4305  
10 Not given 1.6 11 Not given 
30 Not given 2.1 7 Not given 
100 Not given 5.1 59 Not given 

Carcinogenicity 
(TT096025) MK-4305  

40 
Week 14 

14.2 101 0.5 
80 18.6 163 0.5 
325 49.0 539 0.5 

 
formulation 
 
The incidence of retinal atrophy observed in F rats in the carcinogenicity study was 
increased at all doses dose-dependently, compared to control F (see table above).  The 
AUC observed at the LD (40 mg/kg) at 14 weeks in the F rats was 101 µM*h; this is 
9-fold the plasma exposure observed at 10 mg/kg in a pharmacology study with 
MK-4305.  Compared with control F, an increase in incidence and severity of retinal 
atrophy was observed in MK-4305 treated Sprague-Dawley F rats at 12 months, in both 
the 12-month (38%) and 18-month (50%) toxicity studies.  If the increase in wakefulness 
that occurred with administration of a suprapharmacologic dose (AUC is 1552-fold the 
MED AUC) of L-001911942 is due to an action at orexin receptors, then a similar effect 
may occur with MK-4305 treatment.  However, no data were submitted demonstrating 
that MK-4305 increases wakefulness and plasma exposure (AUC) at the lowest dose of 
MK-4305 (40 mg/kg/day) that caused an increased incidence of retinal atrophy in F 
Sprague-Dawley rats was only 9-fold the AUC at 10 mg/kg, a dose that caused 
increased sleep time.  Therefore, there are no data with MK-4305 to confirm the 
Sponsor’s hypothesis that MK-4305 treatment in the rat carcinogenicity study caused an 
increase in wakefulness, which led to increased light exposure to the retina and resulted 
in retinal atrophy. 
 
The data demonstrate that Long-Evans F were less likely to develop retinal atrophy, 
suggesting that pigmentation of the eye slows the development of retinal atrophy.  
However, retinal atrophy was observed at the LD (6%) and HD (7%), in contrast to no 
findings observed in control animals, suggesting that MK-4305 treatment results in 
increased incidence of retinal atrophy.  Unfortunately, the 18-month histopathological 
data were not collected, so it is not possible to confirm whether the small signal for 
retinal atrophy at 12 months in Long-Evans rats would develop further into a stronger 
signal. 
 
In conclusion, the Sponsor has not provided any data, with MK-4305, that would allow 
for changing the wording in the label concerning retinal atrophy.  The new data actually 
confirms that MK-4305 increases the incidences of retinal atrophy and further, 
demonstrates that there is an increase in severity as well.  The Sponsor suggests that 
the retinal changes are a pharmacologically-mediated rat-specific change due to the 
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lack of retinal changes observed in the 9-month dog toxicology studies.  However, the 
rat data suggest that the retinal finding only starts to appear at about 9 months of dosing 
but is obvious at 12 and 24 months of treatment.  Therefore, it is not possible to 
determine whether the finding is rat specific, as the duration of treatment that clearly 
demonstrate retinal atrophy in rats was not investigated in the dog.  Therefore, the 
wording in the label should remain the same wording recommended by the Division 
(CR; June 28, 2013) but with additional wording about the results in Long-Evans rats 
that suggest eye pigmentation slows the development of retinal atrophy. 
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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: May 9, 2013 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 204-569 (suvorexant, MK-4305), submitted August 29, 2012 (received  

August 20, 2012) 
________________________________________________________________________ 
 
NDA 204-569 was submitted by Merck Sharp and Dohme Corp. on August 29, 2012 
(received August 30, 2012) for suvorexant in the treatment of insomnia. Clinical 
development was conducted under IND 101847; a pre-NDA meeting was held with the 
sponsor on March 19, 2012. 
 
A full battery of nonclinical studies was conducted in support of clinical development 
and the NDA. These studies have been reviewed in detail by Dr. Siarey 
(Pharmacology/Toxicology NDA Review and Evaluation, Richard Siarey, Ph.D., 
4/29/2013). Based on his review, Dr. Siarey has concluded that the nonclinical studies of 
suvorexant support approval, with a caveat regarding the specification limit for a 
potentially genotoxic impurity. Dr. Siarey notes that the pre- and postnatal development 
study in rat was “not complete,” due to insufficient evaluation of postnatal 
neurobehavioral development; he recommends that a repeat study be conducted using 
more sensitive methods. Dr. Siarey also concludes that the potential for suvorexant to 
induce cataplexy has not been adequately investigated and recommends further 
assessment (a Food Enrichment Cataplexy Test [FECT]). It is presumed that Dr. Siarey 
intends these studies to be conducted as post-marketing requirements. 
 
This memo will briefly describe the primary nonclinical findings for suvorexant but will 
focus primarily on issues raised by Dr. Siarey.  
 
Pharmacology 
 
The mechanism by which suvorexant is thought to exert therapeutic effects in patients 
with insomnia is by antagonism of orexin receptors. The role of the orexin system in the 
regulation of arousal, vigilance, and sleep/wakefulness states is well established (Gotter 
AL et al. Pharmacol Rev 64:389-420, 2012; Harris GC, Aston-Jones G. TINS 29(10):571-
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577; Sakurai T. Nature Rev Neurosci 8:171-181, 2007). Suvorexant demonstrated high in 
vitro binding affinity to both orexin-1 (OX1R) and orexin-2 (OX2R) receptors in human 
and in multiple animal species and was demonstrated to have antagonist effects at both 
receptors in in vitro assays in CHO cells transiently transfected to express animal and 
human orexin receptors (data expressed as mean ± SEM; Kb = [antagonist]/(EC50 + 
antagonist/EC50 )-1)).  
 

Receptor human rat dog mouse rabbit 
Rhesus 
monkey 

Ki (nM)
OX1R 0.55 ± 0.095 0.56 ± 0.08 0.41 ± 0.05 0.62 ± 0.10 1.2 ± 0.11 2.1 ± 0.22 
OX2R 0.35 ± 0.057 0.36 ± 0.03 0.48 ± 0.06 0.65 ± 0.05 0.32 ± 0.04 0.68 ± 0.07 

Kb (nM)
OX1R 65 ± 8.2 61 ± 8.3 86 ± 9.4 53 ± 10.1 76 ± 9 51 ± 6.7 
OX2R 41 ± 1.3 96 ± 6.5 68 ± 10.3 38 ± 12.8 93 ± 15.9 80 ± 14.6 

 
In vivo effects of suvorexant related to primary pharmacology were assessed in rat 
(locomotor activity [30, 60 mg/kg IP], EEG [10, 30, 100 mg/kg PO]), dog (EEG [1, 3 
mg/kg PO]), and Rhesus monkey (EEG [10, 30 mg/kg PO; 0.5 mg/kg IV]); these studies 
demonstrated effects on locomotor activity (decreased, when administered during the 
active period) in rat, and on EEG waveforms (i.e., decreases in active wake, increases in 
delta 1 sleep, slow wave, sleep, and REM and non-REM sleep) in all three species tested.  
 
L-002015883 (M9) was identified as a major circulating metabolite in humans. In in vitro 
and in vivo binding and functional assays, L-00215883 exhibited high affinity binding to 
OX1R and OX2R (Ki = 5.9 and 2.2 nM, respectively) and functional antagonist effects at 
both orexin receptors (IC50 = 35 and 79 nM for OX1R and OX2R, respectively). However, 
L-002015883 was demonstrated to be a P-glycoprotein (P-gp) substrate (in vitro studies 
in human, rat, and mouse), whereas suvorexant was not, suggesting reduced transport of 
metabolite into brain. In an in vivo study in CF-1 mouse, brain-to-plasma ratios of L-
002015883 in P-gp deficient animals were 1/10th those in P-gp competent animals. In in 
vivo studies in dog, L-00215883 (0.5 or 3 mg/kg PO) had no notable effects on EEG 
waveforms when administered during the active phase.   
 
Neither suvorexant nor L-002015883 exhibited substantial in vitro binding to other 
receptors/sites/enzymes (IC50 >>1 µM). 

Cataplexy:  The recognition that disruption of or deficiencies in orexin signaling is a 
probable cause of  narcolepsy/cataplexy in animals and humans is as well established as 
is the role of orexin receptors in sleep/awakefulness states (Brisbare-Roch C et al. Nat 
Med 13(2):150-155, 2007; Cao M. Med Clin N Am 94:541-555, 2010; Chemelli RM et al. 
Cell 98:437-451, 1999; Linn L et al. Cell 98(3):365-376, 1999; Nishino S, Okuro M. 
Expert Opin Emerging Drugs 15(1):139-158, 2010; Overeem S et al. Sleep Med 12:12-
18, 2011; Sakurai T, Mieda M TIPS 32(8):2011; Siegel JM. Cell 98:409-412, 1999; 
Tonokura M et al. Vet Rec 161:375-380, 2007). Mutations in the OX2R gene have been 
detected in hereditary canine narcolepsy (Chen L et al. CNS Neurol Disord Drug Targ 
8:296-308, 2009; Wu M-F et al. J Neurosci 31(17):6305-6310, 2011), and rodent models 
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of narcolepsy have been developed by altering the orexin system (e.g., orexin KO, orexin 
receptor KO, antisense/siRNA against orexin or orexin receptors, orexin neuron-ablated) 
(Chen L et al., 2009; Mieda M et al. PNAS 101(13):4649-4654, 2004; Scammell TE et al. 
Sleep 32(1):111-116, 2009). Symptoms of narcolepsy in genetically narcoleptic dogs are 
reported to be similar to those in humans with narcolepsy (Nishino S et al. Sleep Med Rev 
4(1):57-99, 2000). Postmortem studies in humans have reported loss of orexin neurons 
(Crocker A et al. Neurol 65:1184-1188, 2005; Sakurai T, Mieda M TIPS 32(8):451-462, 
2011) and “low to undetectable levels of orexin neuropeptides” in the CSF (cf. Mieda M, 
Sakurai T. CNS Drugs 27:83-90, 2013). The possibility that antagonists of the orexin 
system could result in narcolepsy/cataplexy has been recognized, although published 
studies of orexin receptor antagonists have not reported the development of drug-induced 
cataplexy in animals (e.g., Brisbare-Rock et al., 2007; Chen et al. 2009).  

The sponsor conducted two studies to assess the potential for suvorexant to induce 
cataplexy, based on its mechanism of action and on the results of studies conducted with 
“several structurally dissimilar” orexin receptor antagonists. (No signs of cataplexy were 
observed in any of the standard toxicology studies of suvorexant.) Suvorexant was tested 
in oral studies in Beagle dog and Rhesus monkey. In the dog study, animals (8/sex) 
received daily doses of suvorexant according to the following scheme: 5 mg/kg for 10 
days  4-day washout  30 mg/kg for 7 days  7-day washout. Clinical signs were 
recorded after dosing and prior to and 1 hr (projected Tmax) after presentation of food 
enrichment (a biscuit coated with canned food and a beef roll). During the wash-out 
periods, clinical signs were recorded prior to and immediately after presentation of food 
enrichment. No clinical signs were evident after dosing at 5 mg/kg or, according to the 
sponsor, following food enrichment; however, signs consistent with cataplexy (i.e., 
“transient hindlimb buckling (lasting approx. 10 sec-1 min in duration) immediately 
following food enrichment presentation”) were observed in one animal. The sponsor 
considered this of “uncertain relationship” to drug since the same animal did not exhibit 
clinical signs following the 30-mg/kg dose. At 30 mg/kg, clinical signs consistent with 
cataplexy were observed in four dogs (one male, three females):  

 #11-0001: hindlimb buckling, lasting 1-10 sec, on study day 15. 

 #11-0017: forelimb and hindlimb buckling and sternal recumbency, but with 
adequate response to stimuli, each lasting 1-5 min, on study day 15. 

 #11-0003: sternal recumbency, with decreased responsiveness or 
unresponsiveness to stimuli, lasting 10 sec-1 min, on study days 15 and 18. 

 #11-0008: forelimb and hindlimb buckling, lasting 1-10 sec, on study day 17. 

No drug-related clinical signs were observed during the wash-out periods, with or 
without food enrichment presentation. The sponsor concluded that “The food enrichment 
associated physical signs observed post-dose at 30 mg/kg/day were considered consistant 
[sic] with the presentation of cataplexy in dogs…” Plasma exposures are summarized in 
the following sponsor’s table. 
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species tested (rat, dog, rabbit, mouse, and human). In in vitro and in vivo metabolism 
studies, the metabolic profile for suvorexant was qualitatively similar among species. 
Following acute doses of suvorexant, L-002015883, a major circulating metabolite in 
humans, was also a major circulating metabolite in all species tested except rat. (M12 was 
also identified as a major circulating metabolite in humans, but, as a glucuronide, did not 
raise safety concerns.) Tissue distribution studies in albino and pigmented rat 
demonstrated widespread tissue distribution of drug-related radioactivity, with high 
concentrations in GI contents and organs of elimination (liver, kidney) but no apparent 
retention in pigmented tissues (eye, skin). Studies in pregnant rat and rabbit demonstrated 
placental transfer of suvorexant and L-002015883 in both species, and excretion of 
suvorexant and L-002015883 in rat milk. 
 
Toxicology 
 
In the original IND submission, the pivotal toxicity studies (one-month oral studies in 
Sprague-Dawley rat and Beagle dog) tested suvorexant formulated 

 These studies were considered adequate to support the 
proposed initial clinical trial. However, in the May Proceed letter (dated 6/24/2008), the 
division expressed concerns regarding the use of this excipient for nonclinical testing due 
to the potential  to affect the safety profile 
of suvorexant in animals and reduce its relevance to humans since the clinical 
formulation did not contain   

In the briefing package for an End-of-Phase 2 meeting (submitted 9/29/2009), the 
sponsor stated that the chronic toxicity studies in rat and dog, the fertility and early 
embryonic study in rat, and the embryo-fetal development studies in rat and rabbit had 
been conducted using the  formulation; however, “…to avoid any possible 
concerns regarding the suitability of using this vehicle in long-term toxicity studies, 
chronic rat and dog studies are currently ongoing with the  MK-4305 
formulation.” The sponsor also noted that the planned pre- and postnatal development 
study in rat and studies to assess transfer of drug-related material to the fetus and/or 
lactating offspring in rat and rabbit would be conducted using the  
formulation. The division recommended that the planned studies be conducted using the 

 formulation and that, if the completed reproductive and developmental 
studies were not to be repeated using the  formulation, the sponsor should 
justify use of the  formulation in these studies (cf. Memorandum of Meeting 
Minutes, IND 101847, 12/1/2009). The sponsor provided no justification for use of the 

 formulation in pivotal studies. Instead, the sponsor elected to conduct two 
complete batteries of general toxicity and reproductive and developmental toxicology 
studies of suvorexant, one using the  formulation and one using the  

 formulation , with the exception of the pre- and postnatal development study 
in rat, which was conducted  

For assessing safety margins based on plasma exposure data, the plasma AUC(0-24 hr) 
achieved in animals in the pivotal studies should be compared to that anticipated in 
humans at the proposed maximum recommended daily dose of 40 mg (suvorexant: 
plasma AUC(0-24 hr) = 22.09 µM*hr, based on steady-state data at 40 mg in clinical trial 
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Minutes, 2/4/2010 [mouse]; Executive CAC meeting Minutes, 6/17/2009 [rat]). Based on 
the ExeCAC recommendations for the 26-week study, the sponsor adjusted only the high-
mid dose (increased from 125 to 200 mg/kg/day; ExeCAC recommended 300 mg/kg/day) 
for males and females. The sponsor did not adjust doses for the 2-year study. Final study 
reports were reviewed and found to be acceptable (cf. Executive CAC Meeting Minutes, 
5/3/2013). 
 
In the 26-week study in Tg.rasH2 mouse, there was a significant increase in 
hemangiosarcomas (combined across tissues) in HDF (0/50, 1/25, 2/25, 1/25, and 4/25 at 
0, 25, 50, 200, and 250 mg/kg/day, respectively); however, the incidence was within the 
historical control range for the conducting laboratory. The ExeCAC concluded that 
“…these neoplasms were not clearly drug related.” Plasma exposure was quantitated only 
at a single time point (0.5 hrs) post dose (in mg/kg; mean ± SE). 
 

COMPD MALES FEMALES 
25 50 200 650 25 50 200 650 

suvorexant 8.43 ± 0.853 28.5 ± 2.33 50.2 ± 15.1 105 ± 9.37 10.9 ± 0.722 25.6 ± 3.53 65.1 ± 5.61 69.2 ± 22.3 
L-002015883 (M9) 6.94 ± 0.850 15.3 ± 0.616 15.9 ± 4.40 36.2 ± 3.17 7.08 ± 0.465 12.5 ± 0.934 23.9 ± 1.96 25.5 ± 6.88 

 
In the 2-year study in rat, there were significant increases in thyroid follicular cell 
neoplasms in HDF (thyroid follicular cell adenoma and combined adenoma/carcinoma) 
and MDM and HDM (thyroid follicular cell adenoma), and a significant increase in 
hepatocellular adenomas in HDM. These findings were considered drug-related by the 
ExeCAC. According to the FDA statistical review (Statistical Review and Evaluation, 
Carcinogenicity Studies, NDA 204-569, Mohammad Atiar Rahman, Ph.D., 1/10/2013), 
the incidence of thyroid follicular cell combined adenoma/carcinoma was also 
significantly increased in low-dose males (LDM). Although this effect in LDM was not 
specified as a drug-related finding by the ExeCAC, it should be considered drug-related.  
 
The data are summarized in the following table (doses in mg/kg). 
 

TISSUE 
FINDING MALES FEMALES 

0 0 80 160 325 0 0 40 80 325 

liver 

hepatocellular 
     adenoma 
     carcinoma 
     total 

 
1/50 
0/50 
1/50 

 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 

 
2/50 
0/50 
2/50 

 
7/50 
2/50 
9/50 

 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 

 
0/50 
0/50 
0/50 

 
1/50 
0/50 
1/50 

 
0/50 
1/50 
1/50 

thyroid 

follicular cell 
     adenoma 
     carcinoma 
     total 

 
0/47 
0/47 
0/47 

 
0/48 
0/48 
0/48 

 
2/48 
1/48 
3/48 

 
4/50 
0/50 
4/50 

 
13/50 
0/50 
13/50 

 
2/48 
0/48 
2/48 

 
0/48 
0/48 
0/48 

 
0/50 
0/50 
0/50 

 
0/49 
1/49 
1/49 

 
10/47 
1/47 
11/47 
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Plasma exposure data (mean ± SE) at Week 14 are summarized in the following table 
(doses in mg/kg). 
 

PARAMETER MALES FEMALES 
80 160 325 40 80 325 

suvorexant 
Cmax (µM) 9.34±3.42 13.7±2.29 48.4±11.4 14.2±4.07 18.6±5.35 49.0±6.98 
AUC (µM*hr) 163±20.0 105±11.0 335±31.7 101±26.1 163±20.0 539±122 
Tmax (hr) 1.0 1.0 1.0 0.5 0.5 0.5 

L-002015883 (M9)
Cmax (µM) 3.97±1.65 4.54±1.64 5.84±0.119 1.02±0.0734 1.30±0.128 1.78±0.277 
AUC (µM*hr) 25.1±3.60 37.8±5.30 49.8±4.89 10.0±1.29 14.5±2.22 33.1±4.49 
Tmax (hr) 1.0 2.0 1.0 0.5 1.0 1.0 

 
The pattern of neoplasms observed in the 2-year study in rat suggests that hepatic enzyme 
induction by suvorexant resulting in increased thyroid hormone clearance and associated 
increases in TSH may be involved. Such a mechanism is well established in published 
literature (cf. Capen CC. Toxicol Path 25(1):39-48, 1997; Curran PG, DeGroot LJ. 
Endocr Rev 12(2):135-150, 1991; Hill RN et al. Fund Appl Toxicol 12:629-697, 1989; 
Hill RN et al. Environ Health Persp 106(8):447-457, 1998; McClain RM. Toxicol Letts 
64/65:397-408, 1992; McClain RM. Mutat Res 333:131-142, 1995) and liver and thyroid 
neoplasms in rodent produced through this mechanism are thought to have little relevance 
for humans, since rodents are more sensitive to these effects than are humans in terms of 
neoplastic response.  
 
The sponsor conducted a one-month study in Sprague-Dawley rat to investigate the 
potential mode of action underlying the liver and thyroid neoplasms observed in the 2-
year study. In the one-month study, males and females (10/sex/group) were administered 
either vehicle or suvorexant (325 mg/kg/day PO, ) for 29 days. Serum levels of T3, 
T4, and TSH were quantitated during Weeks 1 (Day 7) and 5 (Day 30); 13C-thyroxine 
(0.00027 mg/kg IV) clearance was assessed on Day 29. No drug-related effects were 
observed on T3; however, T4 levels were reduced and TSH levels were increased in both 
sexes at both time points. The data are summarized in the following table (data expressed 
as mean ± SD). 
  

PARAMETER DAY 
MALES FEMALES 

0 mg/kg 325 mg/kg 0 mg/kg 325 mg/kg 

T3 (ng/dL) 
7 58.966 ± 5.537 54.511 ± 10.901 68.647 ± 9.379 71.512 ± 7.796 

30 57.497 ± 7.992 65.118 ± 10.203 66.778 ± 9.841 86.403 ± 9.528 

T4 (µg/dL) 
7 3.085 ± 0.394 2.353 ± 0.583 2.371 ± 0.489 1.066 ± 0.387 

30 3.167 ± 0.577 2.099 ± 0.286 1.932 ± 0.602 1.212 ± 0.433 

TSH (ng/mL) 
7 1.003 ± 0.499 3.07 ± 1.574 0.862 ± 0.503 3.262 ± 1.341 

30 1.337 ± 0.567 4.048 ± 2.108 0.691 ± 0.384 3.317 ± 1.079 

 
13C-thyroxine clearance could not be quantitated in females, due to the number of 
samples below the LLOQ in treated females; the sponsor reported increased                
13C-thyroxine clearance in males (ClT: 112 mL/hr/kg vs 48 mL/hr/kg in controls) and 
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females (ClT: not calculable vs 64.2 mL/hr/kg in controls). Gene expression analysis in 
liver samples from treated animals indicated a >2-fold increase in a number of Cyp genes 
and the uridine diphosphate glucuronyltransferase (UDP-GT) 1 family polypeptide A1 
gene (3-4 fold increase) in males and females. (UDP-GT is the rate-limiting step in T4 
metabolism.) While these data do not definitively establish a mechanism for the liver and 
thyroid neoplasms observed in rat with suvorexant (e.g., there was no clear correlation 
between the presence of liver and thyroid neoplasms in terms of effect doses or in 
individual animals and enzyme induction data were not provided for lower doses that 
were associated with increased neoplasms), they do suggest that enzyme induction and 
increased thyroid stimulation may be responsible. 
 
Reproductive and Developmental Toxicology: suvorexant was assessed in two fertility 
and early embryonic development studies in Sprague-Dawley rat (20/sex/group), two 
embryofetal development studies in Sprague-Dawley rat (20/group), two embryo-fetal 
development studies in Dutch Belted rabbit (18/group), and a pre- and postnatal 
development study in Sprague-Dawley rat (20/group).  
 
For assessment of fertility and early embryonic development, suvorexant in  

 was administered to males (0 [untreated], 0 [vehicle], 100, 300, and 1200 mg/kg) 
and females (0 [untreated], 0 [vehicle], 25, 75, and 1200 mg/kg) in one study; in a second 
study, suvorexant in  was administered to males (0 [untreated], 0 [vehicle], 80, 160, 
and 325 mg/kg) and females (0 [untreated], 0 [vehicle], 30, 80, and 325 mg/kg). In both 
studies, animals were dosed beginning 15 days prior to mating and continuing throughout 
the mating period and, in females, to Gestation Day (GD) 7; also, at the HD in each 
study, untreated females were mated with treated males and treated females were mated 
with untreated males. Females were sacrificed on GD 15-17 in both studies. No clinical 
signs were reported in either study. Decreases in body weight gain were noted in HDF in 
both studies (GD 0-8: 22 and 30% with  and , respectively). Data for 
reproductive parameters demonstrating drug-related effects are summarized in the 
following tables (“U” = untreated; data expressed as mean ± SD). 
 

 study 
 

FINDING VC  LD MD HDF/UM UF/HDM 
corpora lutea/dam 16.9±2.1 16.4±2.8 17.6±2.7 15.2±2.0 17.8±2.9 
% peri-implantation loss 3.3±4.2 3.1±4.5 2.6±3.6 8.3±12.8 7.8±20.4 
implants 
implants/dam 

327 
16.4±2.2 

318 
15.9±2.9 

307 
17.1±2.3 

280 
14.0±3.0 

296 
16.4±4.4 

resorptions 
% resorptions/implants 

11 
3.5±3.8 

26 
8.3±14.0 

17 
5.7±7.5 

20 
7.6±9.8 

8 
2.6±4.0 

live fetuses/dam 15.8±2.3 14.6±3.3 16.1±2.7 13.0±3.1 16.0±4.4 
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 study 
 

FINDING VC LD MD HDF/UM UF/HDM 
corpora lutea/dam 16.2±2.1 16.8±1.6 16.9±2.2 15.2±2.9 15.8±2.1 
% peri-implantation loss 2.3±3.6 4.5±4.0 2.4±3.9 7.3±9.9 8.1±18.6 
implants 
implants/dam 

284 
15.8±2.0 

288 
16.0±1.4 

313 
16.5±2.0 

263 
13.8±1.8 

291 
14.6±3.4 

resorptions 
% resorptions/implants 

9 
3.1±4.4 

11 
3.9 ±5.4 

16 
5.0±4.8 

18 
7.1±7.6 

23 
7.5±7.2 

live fetuses/dam 15.2±1.9 15.4±1.8 15.6±2.0 12.9±2.2 13.4±3.3 

 
For assessment of embryo-fetal development in pregnant rats, suvorexant was 
administered on GDs 6-20, formulated in  (0, 30, 150, and 1000 mg/kg) 
or in  (0, 30, 80, and 325 mg/kg) in separate studies. Drug-related clinical signs 
(decreased activity and salivation at the MD and HD; sternal/lateral recumbency and/or 
abnormal respiratory sounds at the HD) were observed only in the study; one HDF 
was sacrificed moribund on GD 19. In the  study, body weight was reduced 
transiently at the MD (50% on GD 8) but consistently at the HD (10-gram body weight 
loss on GD 8; reduced body weight gain of 7-13% after GD 8). In the  study, body 
weight was affected only at the HD; a 6-gram loss was noted on GD 8, followed by a 
consistent decrease (15-16%) in body weight gain after GD 8. The only finding clearly 
related to drug was reduced fetal body weight (mean ± SD). Plasma exposure data were 
from samples collected on GD 15 (mean ± SEM). 
 

 study 
 

PARAMETER C LD MD HD 
fetal weight (gm) 
     males 
     females 

 
5.46 ± 0.38 
5.18 ± 0.40 

 
5.51 ± 0.39 
5.20 ± 0.32 

 
5.25 ± 0.50 
5.00 ± 0.46 

 
4.94 ± 0.28 
4.67 ± 0.33 

suvorexant
Cmax (µM) -- 3.45 ± 0.411 20.8 ± 3.93 47.4 ± 4.28 
AUC (µM*hr) -- 30.9 ± 3.70 279 ± 41.3 853 ± 117 
Tmax (hr) -- 2.0 8.0 8.0 

 
 study 

 
PARAMETER C LD MD HD 

fetal weight (gm) 
     males 
     females 

 
5.92 ± 0.35 
5.61 ± 0.35 

 
5.75 ± 0.35 
5.41 ± 0.26 

 
5.80 ± 0.31 
5.45 ± 0.29 

 
5.24 ± 0.47 
4.93 ± 0.41 

suvorexant 
Cmax (µM) -- 8.8 ± 1.64 19.9 ± 1.96 55.1 ± 11.2 
AUC (µM*hr) -- 76.8 ± 4.26 230 ± 13.1 794 ± 78.6 
Tmax (hr) -- 1.0 1.0 1.0 

L-002015883 (M9) 
Cmax (µM) -- 0.674± 0.036 1.12 ± 0.064 1.46 ± 0.145 
AUC (µM*hr) -- 6.16 ± 0.265 11.3 ± 0.307 24.0 ± 2.64 
Tmax (hr) -- 0.5 0.5 1.0 
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For assessment of embryo-fetal development in pregnant rabbits, suvorexant was 
administered on GDs 7-20, formulated in  (0, 40, 100, and 300 mg/kg) 
or in  (0, 50, 150, 325 mg/kg), in separate studies. There were no drug-related 
clinical signs; however, body weight was adversely affected, resulting in premature 
sacrifice, in both studies. In the  study, one HDF was sacrificed on GD 15 
due to excessive body weight loss. Surviving HDF exhibited body weight loss (51 grams) 
during GD 7-11, with reduced body weight gain (19%) during GDs 11-28. In the  
study, five HDF were sacrificed on GDs 11-13 and the remaining HDF were sacrificed 
on GDs 12-15 due to excessive body weight loss; a transient decrease in body weight 
gain (47% during GDs 7-13) was observed at the MD. No clear drug-related adverse 
effect on embryo-fetal development was observed in either study. Plasma exposure data 
(mean ± SEM; GD 15) are summarized in the following tables. 
 

 study 
 

PARAMETER LD MD HD 
suvorexant  

Cmax (µM) 3.41 ± 0.910 7.68 ± 0.895 16.8 ± 2.83 
AUC (µM*hr) 29.9 ± 8.42 95.7 ± 5.09 255 ± 27.6 
Tmax (hr) 2.0 2.0 1.0 

L-002015883 (M9) 
AUC (µM*hr) 22.2 79.5 182 

 
 study 

PARAMETER LD MD HD 
suvorexant 

Cmax (µM) 4.73 ± 0.869 25.4 ± 4.20 32.3 ± 5.45 
AUC (µM*hr) 46.6 ± 5.44 361 ± 50.7 647 ± 106 
Tmax (hr) 4.0 2.0 2.0 

L-002015883 (M9) 
Cmax (µM) 4.8 ± 0.287 15.6 ± 3.85 16.0 ± 0.928 
AUC (µM*hr) 57.6 ± 4.14 234 ± 43.0 314 ± 28.7 
Tmax (hr) 4.0 2.0 7.0 

 
For assessment of pre- and postnatal development, suvorexant in  (0, 30, 80, and 200 
mg/kg) was administered to pregnant rats either during GDs 6-15 or from GD 6 through 
Lactation Day (LD) 20. There were no drug-related clinical signs or deaths. A transient 
body weight loss on GDs 6-8 and an overall 12% decrease in body weight gain (GDs 6-
21) was observed in HDF0. During the lactation period, a transient decrease in body 
weight gain (40%) was noted on LDs 7-14 in HDF0; however, overall, body weight gain 
was increased (71%) in HDF0. The only apparent drug-related effect on the F1 generation 
was a small, but consistent, decrease in pup body weight (relative to controls) throughout 
the lactation period in HDF1 animals. No effects were observed on any of the behavioral 
tests conducted.  
 
 
 
 

Reference ID: 3306559

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)







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

LOIS M FREED
05/09/2013

Reference ID: 3306559



 1

Tertiary Pharmacology Review 
 
By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO 
NDA: 204569 
Submission date: 8/30/2012 
Drug: suvorexant 
Applicant: Merck and Co. Inc. 
Indication: Insomnia  
 
Reviewing Division: Division of Neurology Products 
  
Discussion: 
The pharmacology/toxicology reviewer noted that a potential impurity was 
positive for mutagenic potential by computational assessment. The applicant was 
informed that the level of this impurity should be limited by an appropriate 
specification or qualified with a bacterial mutation assay. Otherwise, the reviewer 
found the nonclinical information adequate to support approval. The 
pharmacology/toxicology supervisor agreed. Subsequent to completion of the 
primary pharmacology review, the applicant set an acceptable limit for the 
impurity and the supervisor noted this in her secondary review. 
 
Suvorexant binds with high affinity to the orexin-1 and orexin-2 receptors. 
Orexins appear to play a role in arousal and the sleep/wake cycle. Suvorexant 
decreased orexin-stimulated calcium release in cell cultures. An appropriate 
Established Pharmacologic Class for suvorexant would be “orexin receptor 
antagonist.” 
 
Carcinogenicity studies of suvorexant were conducted in mice and rats. These 
studies were reviewed by the Executive Carcinogenicity Assessment Committee. 
The studies were found to be acceptable. The Committee concluded that 
although the incidence of hemangiosarcomas was increased in high-dose female 
mice, the incidence was within the historical control range for the conducting 
laboratory. Therefore, the Committee concluded that these neoplasms were not 
clearly drug-related. The Committee concluded that thyroid follicular cell 
adenomas and combined adenomas/carcinomas in high-dose female rats, 
thyroid follicular cell adenomas in mid- and high-dose male rats, and 
hepatocellular adenomas in high dose male rats were drug-related. 
 
The pharmacology/toxicology reviewer noted that suvorexant induced behavior 
characteristic of cataplexy in dogs after being presented with an appropriate 
trigger. While not considered necessary for approval, the reviewer recommended 
that a more thorough study of the potential of suvorexant to induce cataplexy be 
conducted in dogs. The potential for orexin antagonists to induce cataplexy has 
been described in literature. Therefore, additional information on the ability of 
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suvorexant to induce cataplexy may not be needed at this time. The supervisor 
recommended that the findings observed in dogs be described in labeling. 
 
The pharmacology/toxicology reviewer also considered the pre- and postnatal 
study in rats as not complete because the passive avoidance test was performed 
too early in development, and learning/acquisition and retention/memory tests 
were not conducted. The supervisor concluded that the pre- and postnatal study 
did not need to be repeated. This conclusion was primarily based on a lack of 
signals observed in studies that were completed and because specific detailed 
learning and memory testing is not routinely required for such studies. 
 
Conclusions: 
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. I agree 
that this NDA may be approved for the above indication. I agree with the 
supervisor that no additional nonclinical studies are recommended at this time. It 
is acceptable to describe in the labeling the finding of cataplexy in dogs.  

Reference ID: 3330556



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

PAUL C BROWN
06/24/2013

Reference ID: 3330556



 1

MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: June 4, 2013 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: NDA 204-569 (suvorexant, RIVULEY), labeling recommendations. 
________________________________________________________________________ 
 
Recommendations for labeling are provided in this memo; the sponsor’s proposed 
labeling was used as the base document. These labeling recommendations take into 
account those provided by Dr. Richard Siarey (cf. Pharmacology/Toxicology NDA 
Review and Evaluation, NDA 204-569, Richard Siarey, Ph.D., 4/29/2013). Plasma 
exposure (AUC) margins were calculated using AUC values in humans at 20 mg (AUC = 
9.20 μg*hr/mL; study #P003) and AUC data in the respective nonclinical studies, except 
for the mating and fertility study in rat for which no toxicokinetic (TK) data were 
collected. For the mating and fertility study, safety margins were based on TK data from 
the 26-week toxicity study in rat.  
 
[Correction: the plasma AUC at the LD of 80 mg/kg in males in the 2-year 
carcinogenicity study was 62.3±10.7 µM*hr, not 163±20.0 µM*hr as stated in the TK 
table on page 11 of original NDA memo.]
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1 Executive Summary 

1.1 Recommendations 

1.1.1 Approvability 
Studies submitted to support the NDA for suvorexant included chronic toxicology 
studies in rat and dog, carcinogenicity studies in mice and rats, and reproductive and 
developmental studies in rats and rabbits.  These studies were adequate, apart from the 
pre- and post-natal developmental study that lacked appropriate neurobehavioral 
assessment.  Few toxicity signals were observed with treatment with MK-4305.  An 
interesting finding in the studies performed with MK-4305 was cataplexy in dogs that 
was observed after the appropriate trigger (food) was presented at ~Tmax.  This toxicity 
signal was not properly assessed in dogs, as a food elicited cataplexy test (FECT), the 
model used for assessing cataplexy episodes in dogs, was not conducted.  Although 
cataplexy was observed in dogs, as the recommended administration of suvorexant to 
humans is immediately before bedtime, the time (Tmax) at which the episodes in dogs 
were triggered is at a time when patients are expected to be resting in bed.  Therefore, 
if the pending issue with the genotoxic starting material,  is 
resolved, from a nonclinical perspective, it is recommended that MK-4305 be approved. 
 
1.1.2 Additional Non Clinical Recommendations 
There is a notable deficiency in that MK4305 has not been assessed in a dog FECT 
study.  The FECT is a simple model for diagnosing cataplexy in dogs.  As the orexin 
receptor (OXR) system has been implicated in wake/sleep and MK-4305 is an OXR 
antagonist at the OX1R and OX2R, the FECT study should be conducted in dog to 
confirm or refute whether MK-4305 can induce cataplexy.  In addition, the 
neurobehavioral assessment in the pre- and post-natal developmental study was not 
complete, as the passive avoidance test was performed too early in development, when 
data are more variable, and learning/acquisition and retention/memory tests, such as 
M-maze and Morris maze, were not conducted.  Due to the lack of more sensitive 
neurobehavioral assessment, it is recommended the pre- and post-natal developmental 
study is repeated with the passive avoidance test conducted later in development and 
learning/acquisition and retention/memory tests performed. 
 
1.1.3 Labeling 

8.1 Pregnancy 
Pregnancy Category C 
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1.2 Brief Discussion of Nonclinical Findings 

Orexin-1 (OX1) and -2 (OX2) receptors are broadly expressed in cortical, thalamic and 
hypothalamic brain areas and are implicated in wake/sleep.  MK-4305 is a selective and 
potent (Ki values of 0.55 and 0.35 nM at human OX1R and OX2R, respectively) OXR 
antagonist intended to treat insomnia.  In in vivo animal (rat, dog, and monkey) assays 
to investigate the effect of MK-4305 on sleep parameters, MK-4305 was demonstrated 
to reduce awake time and increase delta sleep. 
 
In repeat dose toxicology studies, MK-4305 was administered to several different 
species for 2 days to 39 weeks.  Few deaths or early sacrifices, clinical signs, or other 
findings related to MK-4305 treatment occurred.  The main target organs for MK-4305 
toxicity were thyroid gland, liver, and CNS.  Thyroid and liver findings included follicular 
cell and hepatocyte hypertrophy, respectively and an increase in organ weight.  
MK-4305 was demonstrated to decrease T4, increase TSH, and increase several CYP 
genes, suggesting the thyroid and liver findings were due to an induction of liver 
enzymes.  Some of the earlier toxicity studies did not have appropriately signed 
pathology reports.  Pathologist had signed a common signatory page, instead of the 
final report.  In 2009, DSI conducted an inspection of the 9-month dog study 
(№ TT081051; see DAARTS IND 101,847 April 5, 2012) and audited the study.  
Although there were a few observations, including the lack of a signed and dated final 
study report, similar to this study, the recommendation was that the study was 
acceptable for review.  The later pivotal studies with the  formulation had 
signed final pathology reports, as there were few differences between the toxicology 
studies conducted with the  formulations, there is not an issue 
with the adequacy of the pivotal toxicology studies. 
 
Although clinical signs of cataplexy were not observed in any 1-month or chronic toxicity 
study and the Sponsor presented data to suggest that other OXR antagonists do not 
induce cataplexy, data were submitted that demonstrated upon presentation of food 
enrichment at ~Tmax MK-4305 induced cataplexy in dogs.  Cataplexy is induced by 
positive emotions, triggers include laughter and joking in humans, food in dogs, and 
active behaviors in mice; the appropriate trigger for monkeys is unknown.  Therefore, as 
triggers were not used in the chronic toxicology studies, it is not surprising that 
cataplexy was not observed.  However, when an appropriate trigger, food enrichment, 
was given at ~Tmax to dogs, the signs of cataplexy, e.g., hindlimb buckling (lasting 
approximately 10 sec to 1 min in duration), were observed in 1 M treated at 5 mg/kg/day 
and 4 dogs treated at 30 mg/kg/day.  The Cmax levels in the individual dogs that 
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2.1.2 Generic Name:  Suvorexant® 

2.1.3 Code Name:  MK-4305, L-001958419 

2.1.4 Chemical Name: 5-Chloro-2-{(5R)-5-methyl-4-[5-methyl-2-(2H-1,2,3-triazol-2-
yl)benzoyl]- 1,4-diazepan-1-yl}-1,3-benzoxazole 

2.1.5 Molecular Formula/Molecular Weight:  C23H23ClN6O2; 450.93. 

2.1.6 Structure:   

 
 
2.1.7 Pharmacologic class:  Selective orexin-1 and orexin-2 receptor antagonist. 
 

2.2 Relevant IND/s, NDA/s, and DMF/s 

IND 101,847 (DNP, Treatment of insomnia; received as NDA 204-569 on August 30, 
2012). 
 

2.3 Clinical Formulation:   

Drug Formulation:   
Suvorexant® is a white to off-white powder that is insoluble in water and is formulated 
into  tablets for oral administration. 
 
Comments on Novel Excipients 
Excipients in the drug product are listed in the table below.  These excipients are the 
subjects of monographs in the USP/NF, Ph. Eur., and/or JP/JPE, and are tested and 
meet the requirements of the monographs. 
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2.5 Regulatory Background 

IND 101,847 for MK-4305 was submitted on April 10, 2008 for treatment of insomnia. 
MK-4305 was submitted as an NDA on August 30, 2012.  The action date is June 29, 
2013.  An advisory committee will meet to consider MK-4305 for treatment of insomnia 
on May 22, 2013. 
 

3 Studies 

3.1 Studies 
 Pharmacodynamics Studies 

 Study report PD001:  MK-4305:  Summary of nonclinical in vitro studies. 
 Study report PD002:  MK-4305:  Summary of in vivo rat studies. 
 Study report PD003.  Orexin dual antagonist. 
 Study report PD004:  MK-4305:  Summary of canine in vivo sleep studies. 
 Study report PD005:  MK-4305:  Rhesus in vivo sleep studies of MK-4305. 
 Study report PD006:  MK-4305 metabolite M9 (L-002015883):  Canine in vivo 

sleep studies. 
 Study report PD007:  MK-4305 metabolite M9 (L-002015883):  Canine in vivo 

sleep studies at 3 mg/kg. 
 Study report PD008:  L-001911942-003H002:  Summary of canine food 

enrichment cataplexy test (FECT). 
 Study report PD006 mk1064:  MK-1064:  Summary of canine food enrichment 

cataplexy test (FECT). 
 Study report PD007mk1064:  MK-1064:  Summary of canine MRL safety 

assessment’s food enrichment (SA FE) test with EEG polysomnography. 
Safety Pharmacology Studies 

 Study report TT074721:  MK-4305:  Electrophysiological evaluation of MK-4305 
on hERG channel current stably expressed in CHO cells. 

 Study report TT065499:  Ancillary pharmacology:  Effect of MK-4305 on 
neurological function in conscious mice. 

 Study report TT075815:  MK-4305:  Oral respiratory study in rats. 
 Study report TT081169:  MK-4305:  Single-dose oral neurobehavioral and 

toxicokinetic study in female rats. 
 Study report TT065393:  MK-4305:  Ancillary pharmacology:  Effect of MK-4305 

on cardiovascular function in anesthetized dogs. 
 Study report TT075817:  MK-4305:  Oral cardiovascular telemetry study in dogs. 

ADME 
 Study report TT117230:  MK-4305:  Oral placental and lactational transfer study 

in rats. 
 Study report TT117240:  MK-4305:  Oral placental transfer study in rabbits. 
 Study report PK003:  In vivo metabolism of MK-4305 in rats and dogs following 

i.v. administration. 
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 Study report PK004:  In vitro and in vivo metabolism of MK-4305 in rasH2 mice. 
 Study report PK005:   results for MK-4305 (L-001958419), 

metabolite M9 (L-002015883), and metabolite M17 (L-002440877). 
 Study report PK012:  In vitro and in vivo metabolism of MK-4305 in Dutch Belted 

rabbits. 
 Study report PK013:  In vitro metabolite profiling of MK-4305 in rat, dog and 

human. 
 Study report PK014:  In vivo metabolism of MK-4305 in rats and dogs following 

p.o. administration. 
 Study report PK007:  Metabolism and excretion of [14C]MK-4305 following single 

oral dose and circulating metabolites following multiple dose of MK-4305 in 
humans. 

 Study report PK002:  In vitro drug metabolism studies of MK-4305, L-002440877 
(M17). 

 Study report PK008:  Evaluation of MK-4305 as an inducer of dog CYP3A12 and 
CYP3A26 using dog hepatocytes. 

 Study report PK015:  In vitro studies of MK-4305 and L-002015883 (M9) on 
inhibition of human BCRP, OATP1B1, and OCT2. 

Repeat-dose Toxicity Studies 
 Study report TT072500:  L-001958419:  Exploratory 7-day oral tolerability study 

in female rats. 
 Study report TT072509:  MK-4305:  Exploratory 7-day oral tolerability study in 

female rats. 
 Study report TT079815:  MK-4305:  One-month oral toxicity study in rats with 

functional observational battery. 
 Study report TT081160:  MK-4305:  One-month oral toxicity study in rats with 

functional observational battery. 
 Study report TT091057:  MK-4305:  Three-day oral toxicokinetic study in rats. 
 Study report TT081052:  MK-4305:  Six-month oral toxicity study in rats. 
 Study report TT091033:  MK-4305:  Six-month oral toxicity study in rats. 
 Study report TT091064:  MK-4305:  Exploratory 2-day oral toxicokinetic study in 

dogs. 
 Study report TT076037:  MK-4305:  One-month oral toxicity study in dogs. 
 Study report TT079913:  MK-4305:  Exploratory 10-day rising-dose oral 

tolerability study in dogs. 
 Study report TT081054:  MK-4305:  Exploratory oral tolerability and toxicokinetic 

study in dogs. 
 Study report TT081063:  MK-4305:  One-month oral toxicity study in male dogs. 
 Study report TT081159:  MK-4305:  One-month oral toxicity study in dogs. 
 Study report TT081163:  MK-4305:  One-week oral toxicokinetic study in male 

dogs. 
 Study report TT081051:  MK-4305:  Nine-month oral toxicity study in dogs with a 

6-month interim necropsy. 
 Study report TT091062:  MK-4305:  Nine-month oral toxicity study in dogs with a 

6-month interim necropsy. 
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Genotoxicity Studies 
 Study report TT078074:  MK-4305:  Microbial mutagenesis assay. 
 Study report TT078384:  MK-4305:  Exploratory in vitro alkaline elution/rat 

hepatocyte assay. 
 Study report TT078652:  MK-4305:  Assay for chromosomal aberrations in vitro, 

in Chinese hamster ovary cells. 
 Study report TT098887:  MK-4305:  Exploratory assay for metabolism in the 

Ames test system. 
 Study report TT078797:  MK-4305:  Assay for micronucleus induction in rat bone 

marrow from a 1-month oral toxicity study. 
 Study report TT112540:  MK-4305:  Exploratory single-dose oral range-finding 

study in mice. 
 Study report TT118503:  MK-4305:  Assay for micronucleus induction in mouse 

bone marrow. 
Carcinogenicity Studies 

 Study report TT086053:  MK-4305:  One-month oral range-finding and 
toxicokinetic study in rasH2 wild type mice. 

 Study report TT096020:  MK-4305:  Seven-day oral toxicokinetic and tolerability 
study in rasH2 wild type mice. 

 Study report TT096038:  MK-4305:  Seven-day oral toxicokinetic study in rasH2 
wild type mice (hybrid). 

 Study report TT111020:  MK-4305:  One-month oral thyroxine clearance study in 
rats. 

 Study report TT096025:  MK-4305:  Two-year oral carcinogenicity study in rats 
with a toxicokinetic evaluation. 

 Study report TT106013:  MK-4305:  Six-month oral carcinogenicity study in 
rasH2 Tg mice. 

Reproductive and Developmental Toxicology Studies 
 Study report TT087340:  MK-4305:  Oral fertility study in female and male rats.   
 Study report TT107110:  MK-4305:  Oral fertility study in female and male rats. 
 Study report TT087147:  MK-4305:  Oral single-dose toxicokinetic study in 

nonpregnant rabbits. 
 Study report TT087190:  MK-4305:  Oral developmental toxicity study in rats with 

prenatal evaluation. 
 Study report TT087195:  MK-4305:  Exploratory oral developmental toxicity study 

in rats.  
 Study report TT087200:  MK-4305:  Oral developmental toxicity study in rabbits. 
 Study report TT087205:  MK-4305:  Exploratory oral developmental toxicity study 

in rabbits. 
 Study report TT107090:  MK-4305:  Oral developmental toxicity study in rabbits. 
 Study report TT107097:  MK-4305:  Exploratory oral single-dose toxicokinetic 

study in nonpregnant rabbits. 
 Study report TT107100:  MK-4305:  Oral developmental toxicity study in rats with 

prenatal evaluation. 

11 

Reference ID: 3301135



NDA 204-569   Richard Siarey 
 

 Study report TT117220:  MK-4305:  Oral pre- and postnatal developmental 
toxicity study in rats. 

Local Tolerance Studies 
 Study report TT095503:  Primary dermal irritation/corrosion in rabbits. 
 Study report TT095504:  Bovine corneal opacity and permeability test. 
 Study report TT095505:  Screening local lymph node assay in mice (LLNA). 
 Study report TT095508:  MK-4305:  Local lymph node assay in mice (LLNA). 
 Study report TT101051:  MK-4305:  Single dose intravenous local tolerance 

study in rats. 
Other Toxicity Studies 

 Other Studies 
o Study report TT084902:  MK-4305 hemolytic assay. 
o Study report TT091205:  MK-6096:  One-year oral toxicity study in dogs. 
o Study report TT101122:  MK-6096:  Four-month oral study in dogs to 

assess physical signs. 
o Study report TT101128:  MK-3697:  Six-week oral study in dogs to assess 

physical signs. 
o Study report TT101171:  MK-6096:  Exploratory oral toxicokinetic study in 

Rhesus monkeys. 
o Study report TT111013:  MK-6096:  Oral study in Rhesus monkeys to 

assess physical signs. 
o Study report TT111031:  MK-4305:  Five-week oral study in dogs to 

assess physical signs. 
o Study report TT119013: Three day oral (gavage) phototoxicity and 

bioanalysis evaluation of MK-4305 in female pigmented rats. 
o Study report TT121007:  MK-4305:  Oral study in Rhesus monkeys to 

assess physical signs. 

3.2 Studies Not Reviewed  

Pharmacokinetics 
 Study report PK016:  Validation summary report of the bioanalytical methods 

used to support the MK-4305 preclinical program. 
 Study report PK001:  Pharmacokinetics of MK-4305 (L-001958419) in Sprague-

Dawley rats and Beagle dogs after intravenous and oral administration. 
 Study report PK006:  Quantitative whole-body autoradiography and excretion of 

radioactivity in Sprague-Dawley and Long Evans rats following oral 
administration of [14C]MK-4305. 

 Study report PK009:  In vitro protein binding of MK-4305 in plasma from healthy 
and hepatic insufficient human subjects, human serum albumin and α1-acid 
glycoprotein. 

 Study report PK010:  In vitro binding of MK-4305 in plasma from healthy and 
renal insufficient human subjects. 

Carcinogenicity Studies 
 Study report TT106021:  MK-4305:  Seven-day oral toxicokinetic study in rasH2 

wild type mice (hybrid). 
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Other Toxicity Studies 
 Dependence 

o Study report TT047822:  A functional observation battery (FOB) for 
training, re-validation, and development of historical control data in the rat. 

o Study report TT081031:  MK-4305:  Exploratory intravenous toxicokinetic 
and tolerability study in monkeys. 

o Study report TT089003:  Abuse liability of MK-4305 administered 
intravenously:  Assessment of the relative reinforcing efficacy in Rhesus 
monkeys maintained to self-administer methohexital. 

o Study report TT089004:  Assessment of the subjective effects of MK-4305 
in female Sprague-Dawley rats:  Cross generalization potential to a 
zolpidem or morphine training stimulus. 

o Study report TT089005:  Physical dependence liability of MK-4305 in 
Sprague-Dawley rats:  Withdrawal in rats treated chronically with doses of 
MK-4305 for 30 days. 

o Study report TT091126:  MK-4305:  Single-dose oral toxicokinetic study in 
female rats. 

 Other Studies 
o Study report TT111032:  MK-4305:  Exploratory rising-dose oral tolerability 

and toxicokinetic study in Rhesus monkeys. 
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4 Pharmacology 

The pre-prohormone orexin is cleaved into 2 peptide neurotransmitters, orexin A and 
orexin B, that bind to 2 different GPCR receptors, orexin-1 (OX1R) and orexin-2 
(OX2R).  These receptors are broadly expressed in cortical, thalamic, and hypothalamic 
brain areas and are implicated in wake/sleep.  MK-4305 is a proposed selective and 
potent orexin receptor antagonist intended to treat insomnia. 
 
Pharmacology studies have been reviewed previously (see Nonclinical review by Dr. 
Peters; DAARTS IND 101,847 June 16, 2008).  Brief summaries will be given for each 
section. 
 

4.1 Primary Pharmacology 

MK-4305 is an OXR antagonist with high binding affinity at OXRs in several species 
(see table below) and at human OX1R and OX2R; Ki values of 0.55 and 0.35 nM, 
respectively.  MK-4305 blocked OXR stimulated calcium release in CHO cells 
expressing OX1R or OX2R; IC50 values were 50 nM and 55 nM for human OX1R and 
OX2R, respectively, and 35 nM and 38 nM for rat OX1R and OX2R, respectively.  In an 
in vitro radioligand binding assay in CHO cells, the association and dissociation kinetics 
of MK-4305 for human OX1R were Koff of 0.000166 min-1 and Kon of 1.14 x 108 M-1min-1, 
and for human OX2R were Koff of 0.007784 min-1, Kon of 7.63 x 106 M-1min-1. 
 
Table of binding of MK-4305 to orexin receptors in several species (Sponsor’s) 

 
 
In in vivo rat studies, locomotor activity was dose-dependently decreased during the 
“lights off” phase in adult M Sprague-Dawley rats at 30 and 60 mg/kg at 4 and 6 hours 
post-dose, respectively. 
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Figure of the effect of MK-4305 on locomotor activity in rat (Sponsor’s) 

 
 
In several species (rat, dog, monkey), MK-4305 reduced the awake time and increased 
delta sleep.  In rats, i.p. administration of MK-4305 (30 and 60 mg/kg) reduced the 
awake time and increased delta sleep, 1 hour before the normal active period. 
 
Figure of the effect of MK-4305 on wake time in rat (Sponsor’s) 
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In dogs, oral administration of MK-4305 (1 and 3 mg/kg) reduced the awake time and 
increased slow wave sleep (SWS), delta sleep, and REM sleep. 
 
Figure of the effect of MK-4305 on wake time in dog (Sponsor’s) 

 
 
In Rhesus monkeys, oral (10 and 30 mg/kg) and i.v. (0.5 mg/kg) administration of 
MK-4305 reduced the awake time and increased delta sleep and REM sleep. 
 

4.2 Secondary Pharmacology 

MK-4305 was evaluated in a panel of in vitro radioligand binding assays for 
170 GPCRs, transporters, ion channels, and enzymes.  MK-4305 had affinity for a 
number of targets, with Ki values of 4.2 µM at the monoamine transporter, 3.9 µM at the 
A3 receptor, and 3.8 µM at the dopamine transporter.  Metabolites, M9, M16, and M17, 
were found to bind at human OX1R and OX2R; Ki values were 4.1 and 2.2 nM for M9, 
54.7 and 4.5 nM for M16, and 355 and 46.5 nM for M17, respectively. These 
metabolites blocked OXR stimulated calcium release in CHO cells expressing OX1R or 
OX2R; IC50 values are listed in the table below. 
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Table of IC50 values for the inhibition of orexin receptor stimulated calcium release by 
selected metabolites of MK-4305(Sponsor’s) 

 
 
Metabolites M9 and M17 were evaluated in a panel of in vitro radioligand binding 
assays for 162 and 120 GPCRs, transporters, ion channels, and enzymes, respectively.  
M9 had affinity for the dopamine transporter, with Ki value of 8.0 µM.  M17 did not 
produce a greater than 50% inhibition of binding at any evaluated target. 
 
In an in vivo mouse (diet-induced obese) study, no significant effects on food intake or 
body weights were observed after single (24 hour) and repeat (7 days) oral 
administration of MK-4305 (100 mg/kg), but total activity was significantly decreased. 
 
In Beagle dogs (n = 6, each dose), oral administration of M9 (0.5 and 3 mg/kg) had no 
effect, compared to vehicle, on awake time and sleep pattern; active awake, slow 
wave 1, delta sleep, and REM sleep.  The Sponsor reports that no cataplexy signs were 
observed in these studies with M9, but gave no details of the timing or trigger.  
Therefore, it is not possible to definitively say whether cataplexy would have occurred at 
these doses of M9.  At 0.5 mg/kg M9, the Sponsor stated that the plasma exposure was 
2.3 µM*h and 0.75 µM for AUC and Cmax, respectively (no data was submitted).  These 
levels are similar to the reported MK-4305 plasma exposure of 1.7 µM*h and 0.32 µM, 
AUC and Cmax, respectively (no data were submitted) that produced changes in sleep 
pattern.  The Sponsor stated that plasma exposure at 3 mg/kg M9 was 21.1 µM*h and 
4.03 µM for AUC and Cmax, respectively (no data were submitted). 
 
Figure of the effect of M9 on wake time in dog (Sponsor’s) 
   0.5 mg/kg     3 mg/kg 
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5 Pharmacokinetics/ADME/Toxicokinetics 

Some of the pharmacokinetic studies have been reviewed previously (see Nonclinical 
review by Dr. Peters; DAARTS IND 101,847; June 16, 2008). 
 

5.1 PK/ADME 

5.1.1 Absorption 
The Sponsor’s tables (provided below) summarize the pharmacokinetic parameters for 
MK-4503 in Sprague-Dawley rats and Beagle dogs.  Oral bioavailability of MK-4305 was 
48% in rats and 34% in dogs.  MK-4305 was absorbed rapidly after oral administration, 
with Tmax values of 0.4 and 0.7 hours in rat and dog, respectively. 
 
Table Pharmacokinetic parameters of MK-4305 after a single i.v. dose (Sponsor’s) 

 
 
Table Pharmacokinetic parameters of MK-4305 after a single oral dose (Sponsor’s) 

 
 
5.1.2 Distribution 
The Sponsor evaluated the distribution of MK-4305 in blood of several animal species.  
The blood-to-plasma ratio of MK-4305 was approximately 0.60 for rat and human and 
0.51 for dog.  The metabolite M9 had a similar distribution to red blood cells in humans.  
Plasma protein binding was high for MK-4305 (96.3-99.5%) in mouse, rat, rabbit, dog, 
and human.  The metabolites M9 and M17 also bound highly to plasma proteins in 
animals and humans. 
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Table of MK-4305 binding to plasma proteins (Sponsor’s) 

 
 
MK-4305 is not a substrate for P-gp; however, the metabolites M9 and M17 are P-gp 
substrates. 
 
Tissue distribution studies were performed in M Sprague-Dawley rats and Long-Evans 
rats after oral administration of [14C]MK-4305.  MK-4305 was widely distributed into 
tissues.  Tmax, Cmax, and AUC values were calculated and are summarized in the 
following tables. 
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Table of organ pharmacokinetic parameters in Sprague-Dawley M rats (Sponsor’s) 
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Table of organ pharmacokinetic parameters in Long-vans M rats (Sponsor’s) 

 

26 

Reference ID: 3301135

     
           

       
      

      
      
       

      
       

      
       

      
      

       
      
      
       

      
       

      

       
       
       

       
        

      
        
       
      
      

       
      

      
      

       
       

      
       

       



NDA 204-569   Richard Siarey 
 

 
 
The placental transfer of MK-4305 and metabolite M9 and their excretion into milk were 
investigated in pregnant rats.  Oral doses of MK-4305 were administered to pregnant 
rats from gestation Day (GD) 6 through GD 20 (80 or 325 mg/kg/day) or GD 6 through 
Lactation Day 14 (80 or 200 mg/kg/day).  Blood samples were collected on GD 20 at 1 
and 24 hours post-dose and blood and milk samples were collected on lactating Day 14 
at 1 hour post-dose.  MK-4305 and M9 were detected in both the maternal and fetal 
plasma; the fetal/maternal plasma ratio was approximately 1 and 0.5 at 1 hour 
post-dose for MK-4305 and M9, respectively.  The milk/plasma ratio was approximately 
9 and 1.5 at 1 hour post-dose for MK-4305 and M9, respectively.  These data suggest 
that nursing infants would be exposed to MK-4305 and metabolite M9.  
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Table of MK-4305 and metabolite blood concentrations at Gestation Day 20 (Sponsor’s) 

  
 
Table of MK-4305 and metabolite blood and milk concentrations at lactating Day 14 
(Sponsor’s) 

 
 
The placental transfer of MK-4305 and metabolite M9 was investigated in pregnant 
rabbits.  Oral doses of MK-4305 were administered to pregnant rabbits from GD 7 
through GD 20 (150 mg/kg/day).  Blood samples were collected on GD 20 at 2 and 
24 hours post-dose.  MK-4305 and M9 were observed in both maternal and fetal 
plasma; the fetal/maternal plasma ratio was approximately 1 and 0.5 at 1 hour 
post-dose for MK-4305 and M9, respectively.   
 
Table of MK-4305 and metabolite blood concentrations at Gestation Day 20 (Sponsor’s) 
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and M12 (35% of the dose), with other metabolites M4, M6b, M14a, M14c, M15a, and 
M15c detected at 3-6% of the dose.  The major metabolites in dog bile were M3, M11, 
and M12, which combined accounted for 71% of the dose.  In a study in bile-cannulated 
rats, 20 mg/kg of [14C]MK-4305 was administered orally to rats and resulted in 84% of 
radioactivity being excreted in the bile, and approximately 10% excreted in urine and 
feces.  The major metabolites detected in bile over 0-24 hours post-dose included M3 
(20% of the dose) and M12 (29% of the dose), with other metabolites M4, M6b, M6c, 
M11, M14a, M14b, M14c, M15a, and M15c detected at 3-10% of the dose for each 
metabolite.  In a study in bile-cannulated dogs, oral administration of 5 mg/kg 
[14C]MK-4305 resulted in 33% being excreted in the bile, 10% in the urine, and 42% in 
the feces.  The major metabolites were M3 (13% of the dose) and M11 (62% of the 
dose) in bile, M4 (20% of the dose) and M11 (36% of the dose) in urine, and M9 (11% 
of the dose) in feces.  MK-4305 was not detected in dog urine or bile but was detected 
at 21% of the dose in dog feces.  The major circulating compounds in the rat plasma 
were MK-4305 and metabolite M8, minor components included M4, M9, M10a, M16, 
and M12,  In dog plasma, the major circulating compounds were MK-4305 and 
metabolite M9; minor metabolites were M3, M4, M10a, M11, M12, M14b, M16, and 
M17. 
 
[14C]MK-4305 was administered orally at 20 mg/kg to 3 F Dutch Belted rabbits.  Urine 
and feces were collected at several time points over 72 hours post-dose.  The 
radioactivity was excreted in feces (44%) and in urine (28%), with 14% detected in the 
cage wash.  The major urinary metabolites detected were M3 and M12, glucuronides of 
M8 and M10a, respectively.  Other metabolites detected in the urine included M4, M11, 
M14a, M14b, M14c, and M21. The major fecal metabolites detected were M4 and 
M10a.  Other metabolites detected in the feces included M6b, M6c, M7a, M7b, M8, M9, 
M13a, M13b, and M13c. In plasma, MK-4305, M3, M4, M9, and M12 were the major 
circulating compounds. 
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5.1.4 Excretion 
In a second study in Sprague-Dawley rats, 20 mg/kg of [14C]MK-4305 was administered 
orally to rats and resulted in 84% of radioactivity excreted in the bile, and approximately 
10% excreted in urine and feces.  In Beagle dogs, oral administration of 5 mg/kg 
[14C]MK-4305 resulted in 33% excreted in the bile, 10% in the urine, and 42% in the 
feces. 
 
An excretion study conducted in humans was submitted.  In brief, 6 healthy M 
volunteers were administered a single oral dose of 50 mg/kg [14C]MK-4305 and  blood, 
urine, and feces were collected at several time points up to 336 hours post-dose.  After 
336 hours, mean urine and fecal levels of radioactivity were 23% and 66%, respectively.  
The metabolites in human urine were all less than 10% of the dose and included M3 
(3.8%), M4 (4.1%), M11 (1.4%), M12 (2.7%), and M19 (5.3%).  In urine, the primary 
metabolites were M4 (17.0% of the dose), M18 (10.6% of the dose), and M9 (9.5% of 
the dose).  In plasma, major metabolites, as percent of the total MK-4305 derived 
circulating material, were M9 (36.5%) and M12 (12.2%); MK-4305 was detected at 
30.1% of the total MK-4305 derived circulating material.  The Sponsor notes “Plasma 
samples obtained at steady-state (Day 14) of MK-4305 following 40, 80, and 100 mg 
dose (PN003, historical data), were evaluated semi-quantitatively using HRMS. 
MK-4305 and M9 remained the predominant circulating components. In addition, 
metabolite M12 is estimated to be 12-17% and M17 to be 8-10% of total circulating 
material”; however, the reported M17 level ranged from 8.6-9.8% (PN003) and, 
therefore, is less than 10%.  M9 is an oxidation product of MK-4305, M12 is a 
glucuronide derivative of M10a, and M17 is an oxidation product of M9.  It should be 
noted that M17 was not detected in rat plasma. 
 
5.1.5 Drug interactions 
The in vitro metabolism of MK-4305 in liver microsomes and hepatocytes is primarily 
oxidative, with production of the metabolites M8, M9, and M10a.  Using anti-CYP 
monoclonal antibodies, it was demonstrated that M8, M9, and M10a are mainly formed 
by CYP3A, with the CYP2C family contributing to the formation of M9 at high 
concentrations of MK-4305.  Further studies demonstrated that the CYP isoforms 
involved in the oxidation of MK-4305 were CYPs 3A4 and 2C19, with no metabolism of 
MK-4305 observed with CYPs 2C8, 2C9, 2D6, and 1A2.  The inhibitors ketoconazole 
and N-3-benzyl-phenobarbital decreased the formation of M9 and M10a by 82-85% and 
2-6%, respectively, demonstrating that CYP3A4 was the primary CYP isoform 
metabolizing MK-4305.  In human liver microsomes, MK-4305 was demonstrated to be 
an inhibitor of CYPs 3A4 (IC50 = 4.0 μM) and 2C19 (IC50 = 5.3 μM), and a weak inhibitor 
of CYPs 1A2, 2B6, 2C8, 2C9, and 2D6 (IC50 > 15 μM).  M9 was an inhibitor of CYP3A4 
(IC50 = 11 µM for testosterone and 26 μM for midazolam), and a weak inhibitor of CYPs 
1A2, 2B6, 2C8, 2C9, 2C19, and 2D6 (IC50s > 35 µM).  M17 was a weak inhibitor of 
CYPs 2C9, 2D6, and 3A4 with IC50 > 28 μM).  In cryopreserved human hepatocytes, 
MK-4305 increased CYPs 3A4, 1A2, and 2B6 mRNA levels, showing that MK4905 can 
induce these CYPs.  In the pregnane-X receptor (PXR) transactivation assay, MK-4305 
was demonstrated to activate PXR in rats, dogs, monkeys, and humans.  In 
cryopreserved dog hepatocytes, MK-4305 increased CYPs 3A12 and 3A26 mRNA 
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levels, but no induction of CYP3A activity was observed.  MK-4305 inhibited OCT2 with 
an IC50 of 1.3 µM; MK-4305 and M9 had IC50 values > 10 µM at the human transporters 
OATP1B1 and BCRP. 
 

6 General Toxicology 

6.2 Repeat-Dose Toxicity 

Some of the pharmacokinetic studies have been reviewed previously (see Nonclinical 
review by Dr. Peters; DAARTS IND 101,847; June 16, 2008). 
 
Several older toxicity studies did not have signed and dated final pathology reports for 
the study.  Instead, the pathologist had signed a common signature page with other 
signatories.  In 2009, DSI conducted an inspection of the 9-month dog study, number 
TT081051, (see DAARTS IND 101,847 April 5, 2012) and audited the study.  DSI 
recommendation was that the study was acceptable for review. 
 
Study title:  MK-4305:  Three-day oral toxicokinetic study in rats. 

Study no.: TT091057 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A 

Date of study initiation: February 12, 2009 
GLP compliance: Yes 

QA statement: Yes (Dated: May 13, 2009) 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-010J004, 97.8% 

 
Key Study Findings 

 Plasma exposure to MK-4305 was greater in F than M. 
 Plasma exposure was generally greater than dose-proportional at the lower 

doses. 
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Table of toxicokinetic parameters (Sponsor’s) 

  
 
Study title:  L-001958419:  Exploratory 7-day oral tolerability study in female rats 

Study no.: TT072500 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A 

Date of study initiation: December 21, 2006 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-000E006, purity 

not available 
 
Key Study Findings 

 No major MK4305-related changes were observed at any dose. 
 
Methods 

Doses: Females: 0, 10, 100, and 750 mg/kg 
Frequency of dosing: Daily 

Route of administration: Oral (gavage) 
Dose volume: 2 ml/kg 

Vehicle: 100% Polyethylene Glycol 400 
Species/Strain: Rat/Sprague-Dawley (Crl:CD) 

Number/Sex/Group 5 
Age: 45 days at start of treatment 

Weight Females 111-131 g 
 
Observations and Results 
Mortality 
Observations were performed daily. 
 
One MD F died on Day 6 due to an intubation accident. 
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Clinical Signs 
Observations were performed daily. 
 
The Sponsor stated that there were no changes in clinical signs related or unrelated to 
treatment, although no data were submitted. 
 
Body Weights 
Body weights were recorded pretreatment and on Day 7. 
 
There was no change in body weight at any dose. 
 
Food Consumption 
Observation of food consumption was performed daily with clinical sign observations. 
 
No data were submitted. 
 
Clinical Chemistry 
Blood samples were taken from all animals at the end of the study, on Day 8.  The 
following parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin, and globulins. 
 
A statistically significant decrease in A/G ratio (15%) at the HD and a dose-dependent 
decrease in ALP (19%, 24%, and 36%) at the LD, MD, and HD, respectively, were 
observed.  Otherwise, there was no change in the assessed biochemistry parameters. 
 
Gross Pathology 
Gross pathology was assessed in surviving animals on Day 8. 
 
No gross pathology changes were observed. 
 
Organ Weights 
At necropsy, the liver was weighed. 
 
A significant increase in mean absolute (18%) liver weight occurred at the HD and a 
dose-dependent increase in relative (to body weight) liver weight of 4%, 9%, and 28% 
occurred at the LD, MD, and HD, respectively. 
 
Histopathology 
The following organs were prepared for histopathology examination:  liver, kidneys, 
lungs, quadriceps muscle, heart, spleen, brain, bone marrow, stomach, small and large 
intestines, and tissues with gross changes.  Tissues were fixed in 10% neutral buffered 
formalin and stained with H and E. 
 
Adequate Battery:  No. 
Peer Review:  No. 
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Signed Pathology report:  No, the study was signed by A. Nair, B.V.Sc.  
(page 2) but on the same page as other signatories.  In 2009, DSI conducted an 
inspection of the 9-month dog study, number TT081051, (see DAARTS IND 101,847 
April 5, 2012) and audited the study.  Although there were a few observations, including 
the lack of a signed and dated final study report, similar to this study, the 
recommendation was that the study was acceptable for review. 
 
Histological Findings 
The only histopathological finding was very slight alveoli hemorrhage in 1 MD F. 
 
Toxicokinetics 
Blood samples were taken on Day 7 at approximately 1, 2, 4, 8, and 24 hours 
post-dose. 
 
Plasma AUC0-24 h and Cmax were greater than dose-proportional between the LD and 
MD and less than dose-proportional between the MD and HD.  Tmax increased with the 
increase in dose. 
 
Table of toxicokinetic parameters (Sponsor’s) 

 
 
Study title:  L-001958419:  Exploratory 7-day oral tolerability study in female rats 

Study no.: TT072509 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A 

Date of study initiation: February 1, 2006 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-000E008, purity 

>96% 
 
Key Study Findings 

 No major MK4305 related changes were observed at any dose. 
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Methods 
Doses: Females: 0, 100, 300, and 1200 mg/kg 

Frequency of dosing: Daily 
Route of administration: Oral (gavage) 

Dose volume: 5 ml/kg 
Vehicle: 0.5% (w/v) methylcellulose in deionized water 

Species/Strain: Rat/Sprague-Dawley (Crl:CD) 
Number/Sex/Group 5 

Age: 44 days 
Weight Females 117.1-139.1 g 

 
Observations and Results 
Mortality 
Observations were performed daily. 
 
There were no unscheduled deaths. 
 
Clinical Signs 
Observations were performed daily. 
 
The Sponsor stated that there were no changes in clinical signs related or unrelated to 
treatment, although no data were submitted. 
 
Body Weights 
Body weights were recorded pretreatment and on Day 7. 
 
There was no change in body weight at any dose. 
 
Food Consumption 
Observation of food consumption was performed daily with clinical sign observations. 
 
No data were submitted. 
 
Clinical Chemistry 
Blood samples were taken from all animals at the end of the study, on Day 8.  The 
following parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin and globulins, and A/G ratio. 
 
A statistically significant increase in globulin (13%) resulting in a statistically significant 
decrease in the A/G ratio (19%) at the HD was observed and dose-dependent increases 
in potassium (6%, 13%, and 17%) and cholesterol (5%, 8%, and 24%) at the LD, MD, 
and HD, respectively, were observed.  Otherwise, there was no change in the assessed 
biochemistry parameters. 
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Gross Pathology 
Gross pathology was assessed in surviving animals on Day 8. 
 
No gross changes were observed. 
 
Organ Weights 
At necropsy, the liver was weighed. 
 
A dose-dependent increase in mean absolute (1%, 5%, and 35%) and percent of body 
weight (4%, 8%, and 39%) liver weight occurred at the LD, MD, and HD, respectively. 
 
Histopathology 
The following organs were prepared for histopathology examination:  liver, kidneys, 
lungs, skeletal muscle, heart, spleen, brain, bone marrow, stomach, small and large 
intestines, and tissues with gross changes.  Tissues were fixed in 10% neutral buffered 
formalin and stained with H and E and all collected tissues from control and HD animals 
and target tissues (liver) from MD animals were examined. 
 
Adequate Battery:  No. 
Peer Review:  No. 
Signed Pathology report:  No, the study was signed by N.Muniappa, M.V.Sc., Ph.D. 
(page 2), but on the same page as other signatories.  In 2009, DSI conducted an 
inspection of the 9-month dog study, number TT081051, (see DAARTS IND 101,847 
April 5, 2012) and audited the study.  Although there were a few observations, including 
the lack of a signed and dated final study report, similar to this study, the 
recommendation was that the study was acceptable for review. 
 
Histological Findings 
The histopathological finding of very slight to slight hepatocellular hypertrophy was 
observed in all HD F and very slight hepatocellular necrosis was observed in 1 HD F. 
 
Toxicokinetics 
Blood samples were taken on Day 7 at approximately 1, 2, 4, 8, and 24 hours 
post-dose. 
 
The plasma AUC0-24h and Cmax of MK-4305 were approximately dose-proportional 
between the LD and MD and less than dose-proportional between the MD and HD.  
Tmax increased with the increase in dose. 
 
Table of toxicokinetic parameters of MK-4305 (Sponsor’s) 

 

39 

Reference ID: 3301135







NDA 204-569   Richard Siarey 
 

Toxicokinetics  (Sponsor’s, taken from Dr. Peters review) 

 
 
Functional observational battery 
See Safety Pharmacology section (4.3). 
 
Study title:  One-month oral toxicity study in rats with a functional observational 
battery (FOB) 

Study no.: TT081160 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: November 5, 2008 
GLP compliance: Yes (US; 21 CFR 58, December 9, 2009) 

QA statement: Yes (Dated: December 3, 2009) 
Drug, lot #, and % purity: MK-4305, Lots L-001958419-004N009 

L-001958419-010J002 and 
L-001958419-010J003, 99.6% by HPLC for Lot 
L-001958419-004N009 

 
Key Study Findings 

 The main histopathological findings were thyroid follicular cell and hepatocellular 
hypertrophy that increased with an increase in dose; these changes 
corresponded to an increase in thyroid and liver weights. 

 The Sponsor stated that “the no-observed effect level was <80 mg/kg/day in 
females and 160 mg/kg/day MK-4305  formulation in males”; however, 
the NOAEL appears to be 80 mg/kg/day for both F and M, as follicular cell and 
hepatocellular hypertrophy was observed at ≥ 160 mg/kg/day. 
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Ophthalmoscopy 
Examinations of animals in Groups 1, 4, and 5 were performed in Week 4. 
 
Ophthalmoscopy findings observed included cornea opacity in 2, 7, and 6 Group 1, 4, 
and 5 F, respectively, and 3, 2, and 6 Group 1, 4, and 5 M, respectively, lens opacity in 
2 Group 5 F, and 1 and 1 Group 1 and 5 M, respectively, and vitreous hemorrhage in 
1 Group 4 F. 
 
Hematology 
Blood samples were taken from all animals in Week 4 and 5.  The following parameters 
were assessed in Week 4: RBC, HGB, HCT, MCV, MCH, MCHC, reticulocytes, WBC, 
neutrophils, lymphocytes, eosinophils, monocytes, basophils, LUC, platelet counts, and 
cell morphology.  PT, APTT, and fibrinogen were assessed in Week 5. 
 
In Group 5 F, 57%, 53%, 57%, 108%, 83%, and 22% increases in WBCs, neutrophils, 
lymphocytes, monocytes, LUC, fibrinogen, respectively, were observed.  In Group 5 M, 
statistically significant increases in PT (0.9 seconds) and aPTT (3.7 seconds) times 
were observed. 
 
Clinical Chemistry 
Blood samples were taken from all animals at the end of the study, on Day 8.  The 
following parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin, and globulins. 
 
In F, a statistically significant increase in globulin (17-33%) resulted in a statistically 
significant decrease in the A/G ratio (15-25%) at all doses.  Statistically significant 
increases in potassium (13% and 11%) and calcium (4% and 5%) were observed in 
Groups 4 and 5, respectively, and glucose decreased by 34% in Group 5 F.  Cholesterol 
(11%, 29%, 62%, and 64%) and total protein (4%, 6%, 11%, and 9%) were 
dose-dependently increased and ALP (17%, 25%, 37%, and 47%) was 
dose-dependently decreased. 
 
In M, statistically significant increases in globulin (21% and 16%) and albumin (6% and 
6%) were observed in Groups 4 and 5, respectively, with a small statistically significant 
decrease in the A/G ratio (6% and 6%).  Statistically significant increases in calcium 
(4% and 4%) and total protein (9% and 8%) were observed in Groups 4 and 5, 
respectively.  AAT (18%, 15%, 26%, and 32%) and ALP (11%, 23%, 37%, and 27%) 
were generally dose-dependently decreased. 
 
Urinalysis 
Urine samples were taken from all animals in Week 4. 
 
A small dose-dependent decrease in specific gravity was observed in F and M. 
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Gross Pathology 
Gross pathology was assessed in all animals. 
 
Gross observations observed in Group 2 F, Group 3 F, Group 4 F and M, and Group 5 
F included an increase in size and prominent lobular pattern of the liver.  Other findings 
included lung congestion in one Group 2 F and lung discoloration in one Group 4 F. 
 
Organ Weights 
At necropsy, the following organs were weighed: 
 

 
 
A statistically dose-dependent increase in mean absolute (19%, 50%, 95%, and 103%) 
and relative to body (22%, 48%, 96%, and 114%) liver weight occurred in F at all doses.  
In M, mean absolute (29%, 66%, and 55%) and relative to body (24%, 65%, and 56%) 
liver weight was significant increase in Groups 3, 4, and 5, respectively.   Absolute 
thyroid gland weight was dose-dependently increased in F (5%, 27%, 29%, and 63%) 
and in M (14%, 19%, 23%, and 31%).  Significant changes in absolute weights were 
also observed in Groups 3, 4, and 5 M adrenal glands (increased) and Group 5 F 
pituitary gland (decreased). 
 
Table of organ changes in absolute weight compared to control organ weights 

 Brain Heart Kidney Liver Spleen Thymus Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
Group 2: -1% +3% +8% +7% +5% +9% +15% +4% - +14% +7% -4% 
Group 3: +3% -2% +7% +29%* +7% +10% +15% +5% - +19% +19%* +9% 
Group 4: +1% -1% +8% +66%* -9% -7% -11% +8% - +23% +20%* -10% 
Group 5: 0% -3% +3% +55%* -4% -3% 0% -1% - +31%* +14%* -2% 

Female 
Group 2: +1% +1% +6% +19%* 0% -10% - - -7% +5% -2% -7% 
Group 3: +3% 0% +6% +50%* -10% -2% - - -6% +27%* +10% +2% 
Group 4: -5% +8% +1% +95%* -15% -8% - - -3% +29%* -3% -14% 
Group 5: -2% -7% +2% +103%* -5% -14%* - - -18% +63%* -6% -28%* 

* statistically significant from control 
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Table of organ changes in weight (relative to body weight) compared to control organ 
weights 

 Brain Heart Kidney Liver Spleen Thymus Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
Group 2: -5% -2% +4% +4% 0% +4% +20% 0% - +9% +3% -6% 
Group 3: -2% -5% +2% +24%* +5% +5% +20% +1% - +13% +14% +6% 
Group 4: 0% -2% +6% +65%* -14% -8% 0% +7% - +21% +19%* -10% 
Group 5: +1% -2% +4% +56%* -5% -3% +10% 0% - +31%* +14%* 0% 

Female 
Group 2: +4% +5% +10% +22%* +4% -6% - - -5% +8% +2% -5% 
Group 3: +2% -2% +5% +48%* -8%* -3% - - -6% +26%* +9% +2% 
Group 4: -4% +9% +2% +96%* -16%* -8% - - -3% +30%* -2% -13% 
Group 5: +4% +2% +8%* +114%* 0% -9% - - -13% +71%* -1% -25%* 

* statistically significant from control 

 
Histopathology 
At necropsy, the following organs, as listed in the study report, were prepared for 
histopathology examination from Groups 1, 4, and 5 animals; the liver and thyroid from 
animals in Groups 2 and 3 were also examined.  Tissues were fixed in 10% neutral 
buffered formalin, except for testes and epididymides, which were fixed in modified 
Davidson’s solution. 
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Key Study Findings 
 The main histopathological findings were an increased in incidence and severity 

of thyroid follicular cell and hepatocellular at the MD and HD in M and F; these 
changes corresponded to an increase in thyroid and liver weights. 

 The Sponsor stated that “the no-observed effect levels were 25 mg/kg/day in 
females and <100 mg/kg/day in males”; however, the NOAEL appears to be 25 
and 100 mg/kg/day for F and M, respectively, as follicular cell and hepatocellular 
hypertrophy was observed at ≥75 and ≥300 mg/kg/day in F and M, respectively. 

 
Methods 

Doses: Females: 0, 25, 75, and 1200 mg/kg 
Males: 0, 100, 300, and 1200 mg/kg 

Frequency of dosing: Daily 
Route of administration: Oral (gavage) 

Dose volume: 5 ml/kg 
Formulation/Vehicle:  

Species/Strain: Rat/Sprague-Dawley (Crl:CD) 
Number/Sex/Group: 15 

Age: 5 weeks at start of treatment 
Weight: Females 104.2-135.1 g; Males 100.4-147.5 g 

 
Observations and Results 
Mortality 
Observations were performed daily. 
 
Six animals were found dead.  One MD M died in Week 3; the death was undetermined, 
with no postmortem findings.  One LD M died in Week 21; the cause of death was 
attributed to a complication with the bleeding procedure (via the orbital sinus) as the 
animal had a bulging right eye and discharge in Week 14.  One control M died in 
Week 19 due to aspiration of the vehicle.  One LD, 1 MD, and 1 HD F were found dead 
shortly after bleeding for hematology and serum chemistry analysis in Week 24; these 
deaths were considered due to the anesthesia/bleeding procedure. 
 
Clinical Signs 
Observations were performed daily. 
 
Salivation occurred in all F (4, 12, 15, and 15) and M (2, 15, 15, and 15) control, LD, 
MD, and HD groups, respectively.  Observations of salivation were dose-dependently 
increased in both F and M. 
 
Body Weights 
Body weights were recorded pretreatment and once a week until Week 14 and once 
every 4 weeks to the end of treatment, Week 26. 
 
In F, an increase in body weight gain of 16% was observed at the MD and a decrease 
of 6% was observed at the HD.  The increase started from Week 6 and the decrease 
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reticulocytes were increased in HD M (24%).  In Week 27, PT and aPTT were increased 
by 1.4 and 4.7 seconds, respectively, in HD M. 
 
Clinical Chemistry 
Blood samples were taken from all animals in Weeks 12 and 24.  The following 
parameters were assessed: AST, ALT, ALP, total bilirubin, BUN, creatinine, calcium, 
phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, potassium, 
chloride, albumin, and globulins. 
 
In F, statistically significant increases in globulin (16-17% and 32-39%) resulted in 
statistically significant decreases in the A/G ratio (12% and 18-24%) from Week 12 at 
the MD and HD, respectively.  A non-dose-dependent decrease in glucose was 
observed over the course of the study.  Statistically significant dose-dependent 
increases were observed in protein and cholesterol, and a dose-dependent decrease in 
ALP.  Statistically significant increases in potassium (7% and 11%) and calcium (12% 
and 8%) were observed and a decrease in chloride (4% and 3%) at the HD in Weeks 12 
and 24, respectively.  In M, statistically significant increases were observed in protein 
and calcium, and decreases in ALP. 
 
Table of selected clinical chemistry changes compared to control animals 

Glucose Protein Albumin Globulin A/G ALP Cholesterol  
Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24

Male 
LD: -19%* -8% +3% +3%* +6%* +6%* +4% 0% 0% +8% -25%* -31%* -1% -3% 
MD: -15% -1% +7%* +7%* +6%* +6%* +13%* +8%* -7% 0% -30%* -37%* +3% +8% 
HD: -13% -2% +10%* +7%* +12%* +9%* +13%* +8%* -7% 0% -25%* -26%* +13% +11% 

Female 
LD: -11% -14%* +3%* 0% +3% 0% +4% +4% -6% -6% -5% -26% 0% -9% 
MD: -14%* -9% +10%* +9%* +5% +7%* +17%* +16%* -12%* -12%* -33%* -51%* +32%* +33%*
HD: +6% -20%* +23%* +15%* +13%* +5% +39%* +32%* -18%* -24%* -52%* -61%* +205%* +190%*

* statistically significant from control 

 
Table of changes in plasma electrolytes compared to control animals 

 Potassium  Chloride  Calcium  
 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 

Male 
LD: -6%* -4% 0% 0% +1% +1% 
MD: -2% -2% 0% -1% +2% +4%* 
HD: -2% 0% 0% -1% +6%* +4%* 

Female 
LD: -2% 0% -1% 0% +1% 0% 
MD: +5% +2% -2%* -1%* +3%* +3% 
HD: +7%* +11%* -4%* -3%* +12%* +8%* 

* statistically significant from control 

 
Urinalysis 
Urine samples were taken from 10 rats/sex/Group in Week 24. 
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There were slight changes in a few HD F that included increases in volume, with a 
correlating decrease in specific gravity.  An increase in protein was observed in HD F. 
Gross Pathology 
Gross pathology was assessed in all animals. 
 
Thyroid size was increased in 2 HD F and 3 HD M, liver size was increased in 12 HD F, 
7 MD M, and 3 HD M and the testes were flaccid in 2 MD M and 1 HD M. 
 
Organ Weights 
At necropsy the following organs were weighed: adrenals, brain, heart, ovaries, 
thyroids, liver, kidneys, spleen, pituitary, prostate, and testes. 
 
A dose-dependent increase in liver and thyroid gland mean absolute and relative to 
body weights occurred in F at the MD and HD, and M at the LD, MD, and HD. 
 
Table of organ changes in absolute weight compared to control organ weights 

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
LD: -1% +1% +2% +12%* +3% -6% 0% - +17% +4% +1% 
MD: -1% +3% 0% +32%* +6% -6% -1% - +26%* +1% -2% 
HD: -2% -2% 0% +49%* +2% -24% -2% - +35%* +3% -4% 

Female 
LD: -2% -5% -4% -1% -9% - - +13% -1% -11% -11% 
MD: 0% +1% +10% +37%* +5% - - +6% +20%* -3% +8% 
HD: -6%* +3% +4%* +133%* -5% - - -1% +47%* -3% -21% 

* statistically significant from control 
 

Table of organ changes in weight (relative to body weight) compared to control organ 
weights 

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
LD: -2% 0% +1% +11%* 0% -8% -1% - +17% +3% +4% 
MD: -4% 0% -2% +29%* 0% -8% -4% - +23%* -2% -4% 
HD: +4% +3% +6%* +57%* 0% -25% +3% - +42%* +8% +4% 

Female 
LD: -1% -3% -2% +1% -6% - - +15% +1% -10% -9% 
MD: -7% -5% +3% +28%* 0% - - -1% +13% -9% 0% 
HD: +1% +13%* +13%* +151%* +6% - - +7% +60%* +5% -17% 

* statistically significant from control 

 
Histopathology 
At necropsy, the following organs from control and HD animals, as listed in the study 
report, were prepared for histopathology examination.  Tissues were fixed in 10% 
formalin, except for testes and epididymis that were fixed in modified Davidson’s 
solution.  Parathyroids, optic nerve, trachea, Peyer’s patches, aorta, lymph nodes, and 
mammary gland (M) were evaluated when present in section.  In addition to routine 
sections, sections of liver, thyroid gland, and pancreas were examined in MD F, MD M, 
and LD M, and sections of liver and thyroid gland were examined in LD F. 
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Due to the presence of retinal changes observed in the two-year carcinogenicity study 
(TT096025) in rats, a re-evaluation of the histopathology of the existing slides of eyes 
from the control and HD was conducted. 
 

 

 
 
Adequate Battery:  Yes 
Peer Review:  Yes, G. Miller, DVM, PhD (page 846), signed the amended pathology 
report on the eyes. 
Signed Pathology report:  No, the study was signed by V. T. Hamilton, DVM, PhD 
(page 2), but on the same page as the biochemical toxicologist and Study director.  In 
2009, DSI conducted an inspection of the 9-month dog study, number TT081051, (see 
DAARTS IND 101,847 April 5, 2012) and audited the study.  Although there were a few 
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Toxicokinetics 
Blood samples were taken from 3-4 rats/sex/group/time point in Week 14 at 0.5, 1, 2, 4, 
8, and 24 hours post-dose. 
 
When related to dose, plasma exposure was greater in F than M.  Plasma exposure 
(AUC0-24h) was generally greater than dose-proportional between the LD and MD for F, 
but dose-proportional for M and less than dose-proportional between the MD and HD for 
both sexes.  The increase in Cmax was less than dose-proportional.  Tmax ranged 
between 2 and 8 hours and generally increased with increasing doses. 
 
Table of toxicokinetic parameters (Sponsor’s) 

 
 
Study title:  MK-4305:  Six-month oral toxicity study in rats 

Study no.: TT091033 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: March 3, 2009 
GLP compliance: Yes (US; 21 CFR 58, March 2, 2012) 

QA statement: Yes (Dated: March 2, 2012) 
Drug, lot #, and % purity: MK-4305, Lots L-001958419-010J004 and 

L-001958419-010J005, 97.84% and 99.6% by 
HPLC, respectively. 

 
Key Study Findings 

 One HD F was sacrificed on Day 2 due to signs of lateral recumbency, unsteady 
gait, decreased activity, impaired righting reflex, labored breathing, urine/fecal 
staining, cool to touch, and hunched posture. 
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extramedullary hematopoiesis in the control M (09-0016), heart epicardium, lung pleura, 
peritracheal tissue and thymus inflammation, and spleen lymphoid tissue depletion in 
LD M (09-0034), and a perforated esophagus, esophagus and thymus inflammation and 
increased extramedullary hematopoiesis in LD M (09-0040).  The Sponsor reported that 
these deaths were consistent with intubation accident/aspiration.  Other unscheduled 
deaths included 1 control F (09-0011) and 1 HD F (09-0101) sacrificed in Week 15 due 
to eye findings associated with the bleeding procedure.  The HD M (09-0112) sacrificed 
in Week 23 had clinical signs of swollen hindlimbs, hindpaws, left forelimb, left forepaw 
and nose, both hindlimbs non-weight bearing, and unkempt appearance and 
microscopic findings of hypertrophic osteopathy, a change reported by the Sponsor as 
“a background histomorphologic change occasionally seen in control rats from this 
laboratory”.  The HD F (09-0095) had clinical signs of both eyes partially closed, 
unsteady gait, and decreased activity on Day 1 and salivation on various days up to 
death; the only microscopic findings observed were hepatocellular hypertrophy and 
alveolar wall necrosis. 
 
Table of unscheduled deaths (Sponsor’s) 

 
 
Clinical Signs 
Observations were performed daily. 
 
Salivation occurred in all F (1, 5, 15, and 14) and M (1, 13, 15, and 15), control, LD, MD, 
and HD groups, respectively.  Observations of salivation were dose-dependently 
increased in both F and M.  The following clinical signs were observed over the first few 
days in HD F: decreased activity in 3 F, unsteady gait in 3 F, lateral recumbency in 2 F, 
and impaired righting reflex in 1 F. 
 
Body Weights 
Body weights were recorded pretreatment and once a week to the end of treatment, 
Week 27. 
 
In F, an increase in mean body weight gain was observed at the MD and HD from 
Week 2 to 13.  However, there was no change in mean total body weight gain in HD F 
at the end of treatment.  In M, no change was observed in mean total body weight gain 
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Figures of body weight changes (Sponsor’s) 
FEMALE      MALE 

  
  

 
Food Consumption 
Food consumption was determined twice weekly until the end of treatment (Week 27) 
by examining for the presence of food. 
 
Not all food was eaten, generally only on a few days, in 13 HD F, and 10 control, 10 LD, 
7 MD, and 14 HD M. 
 
Ophthalmoscopy 
Examinations of control and HD rats were performed in Weeks 11 and 25. 
 
Ophthalmoscopy findings were generally similar between control and HD animals, 
although there was a slight increase in lens opacity in HD M. 
 
Hematology 
Blood samples were taken from all animals in Weeks 12, 24, and 27.  The following 
parameters were assessed in Weeks 12 and 24: RBC, HGB, HCT, MCV, MCH, MCHC, 
reticulocytes, WBC, neutrophils, lymphocytes, eosinophils, monocytes, basophils, LUC, 
platelet counts, and cell morphology.  PT, APTT, and fibrinogen were assed in 
Week 27. 
 
In HD F, there were statistically significant decreases (2-12%) in RBC parameters; 
HGB, HCT, MCV, MCH, and MCHC in Weeks 12 and 24.  In Weeks 12 and 24, 
platelets were significantly increased in MD F (16% and 16%) and HD F (20% and 29), 
respectively.  In Week 27, aPTT was decreased by 2.7 seconds in HD F and fibrinogen 
was increased dose-dependently (4%, 23%, and 53%).  In M, statistically significant 
increases were observed in platelets at the MD (12%) and HD (28%), WBC at the HD 
(20%), and lymphocytes at the HD (16%) in Week 12.  In Week 24, lymphocytes were 
still statistically significant increased at the HD (27%) and LUC were increased at the 
HD (43%).  In Weeks 12 and 24, reticulocytes were increased in HD M by 28% and 
23%, respectively.  In Week 27, aPTT was increased by 1.7 seconds in MD M. 
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Clinical Chemistry 
Blood samples were taken from all animals in Weeks 12 and 24.  The following 
parameters were assessed: AST, ALT, ALP, total and direct bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin and globulins. 
 
In F, statistically significant changes were observed at the MD and HD and included 
increases in total protein, albumin, globulin, cholesterol, BUN, triglycerides, potassium, 
calcium, and phosphorus and decreases in A/G ratio, ALP, and chloride.  In M, 
statistically significant changes were observed generally at the MD and HD and 
included increases in glucose (at the LD), total protein, albumin, globulin, cholesterol, 
calcium, and phosphorus, and a decrease in ALP (at the LD). 
 
Table of selected clinical chemistry changes compared to control animals 

Glucose Protein Albumin Globulin A/G ALP Cholesterol  
Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24

Male 
LD: -17%* -12%* +2% +3% +3% +3% +4% 4% -7% 0% -18%* -21%* +3% -1% 
MD: -10% -17%* +5%* +6%* +3% +6% +13%* +7%* -7% -8% -25%* -19%* +10% +16% 
HD: -20%* -27%* +12%* +11%* +9% +11%* +17%* +11%* -7% 0% -31%* -22%* +37%* +44%*

Female 
LD: -3% +7% +3% +5% 0% +3% +9%* +8%* -6% 0% +7% +21% +7% +18% 
MD: 0% +2% +10%* +12%* +3% +5% +22%* +23%* -18%* -13%* -6% +5% +42%* +70%*
HD: -17% -12% +24%* +21%* +13%* +10%* +43%* +38%* -24%* -20%* -47%* -26% +172%* +198%*

 
 BUN Triglycerides Potassium Chloride Calcium Phosphorus 
 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24 Wk 12 Wk 24

Male 
LD: +7% +7% -6% -11% -4% -4% 0% 0% -1% 0% -9%* -7% 
MD: 0% 0% +27% +27% -2% -4% -2% -1% +2% +4%* -3% 0% 
HD: +7% +7% +24% +4% +4% 0% -1% 0% +7%* +7%* +6% +8%* 

Female 
LD: +15% +14% +9% +3% 0% -2% 0% -1% +1% +2% +5% 0% 
MD: +15% +29%* +23% +8% +2% +2% -2%* -2%* +4%* +6%* +7% +2% 
HD: +31%* +29%* +66%* +82% +4% +9%* -3%* -5%* +13%* +13%* +11%* +14%*

* statistically significant from control 

 
Urinalysis 
Urine samples were taken from 10 rats/sex/Group in Week 24. 
 
There were slight changes in HD F, which included increases in volume with a 
correlating decrease in specific gravity; this is more evident if control F 09-0003 is 
removed.  An increase in protein was observed in HD F. 
 
Gross Pathology 
Gross pathology was assessed in all animals. 
 
Thyroid size was increased in 4 HD M, liver size was increased in 1 MD F, 13 HD F, 
and 13 HD M and a prominent lobar pattern in liver was observed in 2 LD M, 6 MD M, 
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and 12 HD M.  Adrenal glands were discolored in 3 HD F and pale in 1 MD M and 2 HD 
M. 
 
Organ Weights 
At necropsy the following organs were weighed: adrenals, brain, heart, ovaries, 
thyroids, liver, kidneys, spleen, pituitary, prostate, and testes. 
 
A dose-dependent increase in liver and thyroid gland mean absolute and relative to 
body weights occurred in F and M at all doses, except for LD F relative to body thyroid 
weight.  There were also statistically significant increases in absolute kidney and 
adrenal weights in HD F. 
 
Table of organ changes in absolute weight compared to control organ weights 

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
LD: 0% +4% -5% +8% -1% -4% -3% - +12% +11% -6% 
MD: 0% +2% +1% +29%* -6% -28%* 0% - +16%* 0% -6% 
HD: -4%* 0% -4% +83%* 0% -28%* -2% - +43%* +11% -4% 

Female 
LD: -1% +1% +5% +17%* +7% - - -12% +3% +6% +25% 
MD: +1% +8% +7% +58%* +7% - - -19% +17% +9% +27% 
HD: -6%* 0% +10%* +154%* -7% - - -5% +48%* +14%* +1% 

* statistically significant from control 
 

Table of organ changes in weight (relative to body weight) compared to control organ 
weights 

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
LD: -3% +3% -7% +5% -7% -8% -5% - +10% +8% -8% 
MD: -2% 0% -1% +27%* -7% -33%* -1% - +13%* -2% -8% 
HD: -1% +3% -2% +88%* 0% -25%* +1% - +47%* +14% 0% 

Female 
LD: -4% -3% +2% +14%* 0% - - -14% 0% +3% +22% 
MD: -5% +3% +1% +51%* 0% - - -23% +12% +3% +20% 
HD: -5% 0% +10% +156%* -6% - - -4% +49%* +15% +2% 

* statistically significant from control 

 
Histopathology 
At necropsy, the following organs from control and HD animals, as listed in the study 
report, were prepared for histopathology examination.  Tissues were fixed in 10% 
formalin, except for testes and epididymis, which were fixed in modified Davidson’s 
solution.  Parathyroids, optic nerve, trachea, Peyer’s patches, aorta, lymph nodes, and 
mammary gland (M) were evaluated when present in section.  In addition, sections of 
liver and thyroid gland were examined in LD and MD animals, and sections of stomach 
were examined in MD F, MD M, and LD M.  Tissues with gross observations or 
ophthalmic changes were also processed, stained, and examined microscopically. 
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Due to the presence of retinal changes observed in the two year carcinogenicity study 
(TT096025) in rats, a re-evaluation of the histopathology of the existing slides of eyes 
from the control and HD was conducted. 
 

 

 
 
 
Adequate Battery:  Yes 
Peer Review:  Yes, V. Hamilton, D.V.M., Ph.D. (page 933), signed the amended 
pathology report on the eyes. 
Signed Pathology report:  Yes  (page 64). 
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When related to dose, MK-4305 plasma exposure was greater in F than M.  Plasma 
exposure (AUC0-24h) to MK-4305 was generally greater than dose-proportional in F 
between the 30 and 80 mg/kg/day but dose-proportional in M between 80 and 
160 mg/kg/day, and less than dose-proportional in F between 80 and 325 mg/kg/day 
and in M between 160 and 325 mg/kg/day.  Plasma levels of MK-4305 at Cmax were 
generally dose-proportional  in F between the 30 and 80 mg/kg/day and in M between 
the 80 and 160 mg/kg/day and less than dose-proportional in F between 80 and 
325 mg/kg/day and in M between 160 and 325 mg/kg/day, although at Week 13 Cmax 
increased less than dose-proportional between the 30 mg/kg/day and 80 mg/kg/day in 
F.  Tmax ranged between 2 and 4 hours and generally decreased with duration of 
treatment to 0.5 to 1 hour. Accumulation of 1.1 to 1.4-fold in F and 1.4 to 2.5-fold in M 
occurred at Week 13. 
 
Table of toxicokinetic parameters for MK-4305 (Sponsor’s) 

Week 4     Week 13 

  
 
Table of toxicokinetic parameters for M9 (Sponsor’s)  

Week 4     Week 13 
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Table of toxicokinetic parameters (Sponsor’s) 

 
 
Study title:  MK-4305  Exploratory oral tolerability and toxicokinetic study in dogs 

Study no.: TT081054 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A 

Date of study initiation: March 14, 2008 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: MK-4305, Lot №s L-001958419-004N003 and 

L-001958419-004N003, purity was 98.4% and 
97.84%, respectively 

 
Key Study Findings 

 No major MK4305-related changes were observed at either dose after 5 days of 
treatment. 

 
Methods 

Doses: 800 and 1125 mg/kg 
Frequency of dosing: Daily for 5 days 

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

Vehicle:  
Species/Strain: Dog/Beagle 

Number/Sex/Group 1 
Age: 56 and 92 weeks at start of treatment 

Weight Female 7.5 kg; Male 9.4 kg 
Dosing schedule: MK-4305 was administered at each dose-level for 5 

consecutive days, starting with 800 mg/kg/day) before 
escalating to 1125 mg/kg/day.  There was a washout 
period of 2 days between dose levels. 
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Observations and Results 
Mortality 
Observations were performed daily. 
 
There were no unscheduled deaths. 
 
Clinical Signs 
Observations were performed daily. 
 
Salivation and decrease in activity was observed in the HD M.  Changes in feces 
included unformed and discolored feces observed in the F at both doses; the M had 
feces that were occasionally liquid and discolored at both doses; emesis occurred in the 
M at both doses. 
 
Body Weights 
Body weights were recorded pretreatment and on Days 5, 8, and 12. 
 
There was a slight decrease in body weight in both the F and M. 
 
Food Consumption 
Estimation of food consumption was performed on Days 2-5 and 8-12. 
 
There was no change in food consumption. 
 
Clinical Chemistry 
Blood samples were taken from all animals pretreatment and on Days 6 and 13.  The 
following parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin, and globulins. 
 
Blood samples were taken on Day 6 and 13 to assess changes at 800 and 
1125 mg/kg/day, respectively.  In F, phosphorus was decreased (26% and 23%) and 
cholesterol increased (13% and 25%) on Days 6 and 13, respectively.  In addition, there 
was an increase in ALP (49%) and an increase in globulin (16%) on Day 13, resulting in 
a decrease in the A/G ratio (11%).  In M, changes included increases in ALT (70% and 
48%), ALP (210% and 384%), cholesterol (28% and 20%), and triglycerides (79% and 
66%) on Days 6 and 13, respectively. 
 
Toxicokinetics 
Blood samples were taken on Day 5 and 12 pre-dose and at approximately 0.5, 1, 2, 4, 
8, and 24 hours post-dose.  In addition, blood samples were taken prior to the dose 
escalation on Day 8 to determine residual plasma MK-4305 concentrations after 2-day 
washout period. 
 
Plasma AUC0-24h and Cmax decreased with the increase in dose from 800 mg/kg/day to 
1125 mg/kg/day and were greater in M than F.  Tmax increased with the increase in 
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dose.  Plasma exposures (AUC) of metabolite M9 were evaluated; plasma M9 levels 
had a similar pattern to MK-4305 plasma levels but were approximately half. 
 
Table of toxicokinetic parameters (Sponsor’s) 
  MK-4305      M9 

 
 
Study title:  MK-4305  One-week oral toxicokinetic study in dogs 

Study no.: TT081163 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A 

Date of study initiation: November 10, 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N009, purity 

99.6% 
 
Key Study Findings 

 No major MK4305 related changes were observed at any dose after 1-week of 
treatment. 

 
Methods 

Doses: 25, 400, 800, and 1125 mg/kg 
Frequency of dosing: Daily 

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

Vehicle:  
Species/Strain: Dog/Beagle 

Number/Sex/Group 1 F and 3 M/Group 
Age: 1-2 years 

Weight Females 7.5-10.5 kg; Males 8.3-14.5 kg 
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Observations and Results 
Mortality 
Observations were performed daily. 
 
There were no unscheduled deaths. 
 
Clinical Signs 
Observations were performed daily. 
 
Salivation was observed in the LD and HD F, and all M treatment Groups.  Changes in 
feces included unformed feces in the HD F and all M groups and discolored feces in 
control, MD and HD F, and all MD and HD M, emesis occurred in the LD F, and all M 
treatment groups. 
 
Body Weights 
Body weights were recorded pretreatment for dose calculation only. 
 
Toxicokinetics 
Blood samples were taken on Days 1 and 7 at approximately 0.5, 1, 2, 4, 8, and 
24 hours post-dose. 
 
Plasma exposure (AUC0-24h) and Cmax of MK-4305 were less than dose-proportional 
between the LD and MHD and then decreased at the HD.  Plasma exposures were 
general similar between the sexes.  Tmax was between 1 and 2 hours post-dose. 
 
Table of toxicokinetic parameters of MK-4305 (Sponsor’s) 

Day 1        Day 7 
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Food Consumption 
Estimation of food consumption was performed on Days 2, 3, 5, 6, 8, and 9. 
 
No change in food consumption was reported, but no data were submitted. 
 
Clinical Chemistry 
Blood samples were taken pretreatment and on Days 4, 7, and 10.  The following 
parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, calcium, 
phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, potassium, 
chloride, albumin, and globulins. 
 
Blood samples were taken on Day 4, 7, and 10 to assess changes at 3, 30, and 
300 mg/kg/day, respectively.  Changes included an increase in globulin (12% and 15%) 
on Day 4 that stayed increased on Days 7 and 10 and resulted in a decrease in the A/G 
ratio (17% and 23%). 
 
Gross Pathology 
Necropsies were limited to the examination and collection of liver, gallbladder, kidney, 
skeletal muscle, heart, stomach, small intestine, large intestine, lung, spleen, bone 
marrow, and brain in all animals. 
 
There were no gross changes observed. 
 
Histopathology 
At necropsy, the liver, gallbladder, kidney, skeletal muscle, heart, stomach, small 
intestine, large intestine, lung, spleen, bone marrow, and brain were prepared for 
histopathology examination. 
 
Adequate Battery:  No. 
Peer Review:  No. 
Signed Pathology report:  No,  (page 2) on the same page as 
other signatories.  In 2009, DSI conducted an inspection of the 9-month dog study, 
number TT081051, (see DAARTS IND 101,847 April 5, 2012) and audited the study.  
Although there were a few observations, including the lack of a signed and dated final 
study report, similar to this study, the recommendation was that the study was 
acceptable for review. 
 
Histological Findings 
No histopathological findings were observed. 
 
Toxicokinetics 
Blood samples were taken pretreatment and at approximately 1, 2, 4, 8, and 24 hours 
post-dose on Day 3 of each dose. 
  
There was great variability in the 2 dogs, but increases in plasma AUC0-24h and Cmax 
were generally dose-proportional between the LD and HD and both decreased with the 
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increase in dose from 30 to 300 mg/kg/day.  Plasma exposures (AUC0-24h) of metabolite 
M9 were about half the level of MK-4305 and had a later Tmax (8 hours). 
 
Table of toxicokinetic parameters of MK-4305 (Sponsor’s) 

  
 
Table of toxicokinetic parameters of M9 after 30 mg/kg administration on Day 4 
(Sponsor’s) 

 
 
Study title:  MK-4305 One-month oral toxicity study in dog 
(see Nonclinical review by Dr. Peters; DAARTS IND 101,847 June 16, 2008) 

Study no.: TT076037 
Study report location: EDR 

Conducting laboratory and location: Merck Laboratories, 
Cedex, 
France 

Date of study initiation: May 14, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, L-001958419-004N003 at 98.4% 

 
Key Study Findings (taken from Dr. Peters review):   
The sponsor considered the NOEL to be 10 mg/kg/d for males and 30 mg/kg/d for 
females on the basis of decreased prostatic weights/ prostatic atrophy at the mid and 
high dose in males and slight decreases in erythrocyte parameters in females at the 
high dose. None of these findings are considered toxicologically significant by this 
reviewer. This study was neither a MTD nor a MFD study. 
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Study title:  MK-4305 One-month oral toxicity study in male dogs 
Study no.: TT081063 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories 

West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: July 17, 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lots L-001958419-004N005 99.0% by 

HPLC 
 
Key Study Findings 

 One immature dog suffered from a non-weight bearing left hindlimb. 
 The mean absolute prostate weight was increased in immature and mature M 

treated with MK-4305. 
 
Methods 

Doses: See table below 
Frequency of dosing: Daily 

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

Vehicle:  
Species/Strain: Male Dog/Beagle 

Number/Sex/Group 6 for Groups 1-4 and 2 for Group 5 (see below) 
Age: 29-30 weeks old (sexually immature) 

69-76 weeks old (sexually mature) 
Weight 29-30 weeks old 7.2-9.2 kg 

69-76 weeks old 9.9-12.9 kg 
Unique methodology: See table below 

 
Table of treatment Groups (Sponsor’s) 
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Observations and Results 
Mortality 
Observations were performed daily. 
 
Two control M were sacrificed on Day 4 because of excessive salivation, decreased 
activity, and labored breathing. Histological examination revealed marked hemorrhage 
and moderate acute inflammation.  The cause of death was attributed to inadvertent 
reflux of the vehicle and gastric contents. 
 
Clinical Signs 
Observations were performed daily. 
 
On Day 29, one immature dog from Group 3 (30 mg/kg/day) was observed to suffer 
from a non-weight bearing left hindlimb.  Otherwise, the other main clinical sign was 
unformed and scant feces, observed in all groups. 
 
Body Weights 
Body weights were recorded pretreatment and once weekly during Weeks 1-4. 
 
An increase in mean body weight gain over the 1-month treatment period was observed 
for both immature (0.9 kg) and mature (0.5 kg) dogs compared to control weight gains; 
0.3 and -0.1 kg for immature and mature dogs, respectively.  
 
Food Consumption 
Estimation of food consumption was performed 5 times per week. 
 
There was no change in food consumption. 
 
Clinical Chemistry - Serum testosterone and dihydrotestosterone determination 
Blood samples were taken pretreatment and in Weeks 2, 3, and 6 (Recovery week 2). 
 
Variability in the data meant that levels for testosterone and dihydrotestosterone were 
unable to be determined. 
 
Gross Pathology 
Necropsies were limited to the examination and collection of brain, testes, epididymides, 
prostate, and liver in all animals. 
 
Observations included lung discoloration in two Group 1 M and focus in the testis of one 
Group 4 M. 
 
Organ Weights 
At necropsy, the brain and prostate were weighed: 
 
The mean absolute prostate weight was increased in immature and mature M treated 
with MK-4305.  Increases from mean control values were 1.4 g and 3.2 g, respectively. 
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Table of organ changes in absolute weight compared to control organ weights 

 Control 
immature 

30 mg/kg/day 
immature 

Control  

mature 
30 mg/kg/day 

mature 

Absolute weight 2.02 g 3.42 g 7.32 g 10.50 g 

Relative to 
body weight 

0.0254 0.0377 0.0691 0.0920 

 
Histopathology 
At necropsy, the prostate was prepared for histopathology examination. 
 
Adequate Battery:  No.  However, the study was conducted to determine the potential 
toxicity to the prostate gland in sexually immature and mature males. 
Peer Review:  No. 
Signed Pathology report:  No, the study was signed by N. Gatto, D.V.M., Ph.D. 
(page 2), but on the same page as other signatories.  In 2009, DSI conducted an 
inspection of the 9-month dog study, number TT081051, (see DAARTS IND 101,847 
April 5, 2012) and audited the study.  Although there were a few observations, including 
the lack of a signed and dated final study report, similar to this study, the 
recommendation was that the study was acceptable for review. 
 
Histological Findings 
No histopathological findings were observed apart from marked hemorrhage and 
moderate acute inflammation in the 2 control immature M that were sacrificed on Day 4 
and moderate inflammation of the prostate in 1 control mature M. 
 
Toxicokinetics 
Blood samples were taken in Week 4 at approximately 0.5, 1, 2, 4, 8, and 24 hours 
post-dose. 
  
Plasma exposure was generally similar for immature and mature M. 
 
Table of toxicokinetic parameters of MK-4305 (Sponsor’s) 
   Immature     Mature 

  
 
Magnetic resonance imaging (MRI) of prostate 
Magnetic Resonance Imaging (MRI) of the prostate was performed on all dogs 
pretreatment and on 3 dogs/group in Week 4. 
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The MRI data suggests that MK-4305 treatment did not result in changes in the 
prostate. 
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Figure of absolute prostate weight at Week 4 versus in vivo MRI calculated volumes 
(Sponsor’s) 

 
 
Study title:  MK-4305 One-month oral toxicity study in dogs 

Study no.: TT081159 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: December 8, 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lot L-001958419-004N009, 99.6% by 

HPLC 
 
Key Study Findings 

 One Group 4 M was sacrificed in Week 2 with signs that included decreased 
activity, unsteady gait, intermittent whole body trembling, and thin appearance; 
the dog had also lost 1.0 kg of body weight and was not eating food satisfactorily.  
Histopathological changes included hepatocellular hypertrophy. 

 An increase in mean liver weight occurred in Groups 2-4 M and F and 
histopathological findings included hepatocellular hypertrophy that generally 
increased in severity with an increase in dose. 

 Plasma exposure to MK-4305 was approximately equivalent between the 
 formulation at 60 mg/kg/day and the  formulation at 

800 mg/kg/day and was approximately 2-fold higher with 250 mg/kg/day 
(  formulation); higher exposure resulted in greater toxicity. 

 The Sponsor stated that “the no observed effect level in this study was 
<60 mg/kg/day in females and males for MK-4305 as the  
formulation.”; this appears appropriate as follicular cell and hepatocellular 
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intermittent whole body trembling in Week 2.  One Group 4 M in Week 1-2 showed 
signs of unsteady gait, decreased activity in Week 2, and intermittent whole body 
trembling on Day 11.  A second Group 4 M had an unsteady gait on Day 15.  As 
explained above (mortality section), 1 Group 3 M had signs that included lateral 
recumbency, whole body twitching, convulsion-like activity, and forelimb paddling. 
 
Body Weights 
Body weights were recorded pretreatment, once a week in Weeks 1 and 5 and twice per 
week in Weeks 2-4. 
 
No change in body weight was observed at the end of treatment in F.  In Group 4 M, a 
decrease in body weight was observed in 2 animals.  The M sacrificed early had lost 
1.0 kg and a second dog lost 1.0 kg by the end of treatment. 
 
Food Consumption 
Estimation of food consumption was performed each weekday, excluding holidays and 
days following fasting. 
 
Unsatisfactory food consumption (not all food was eaten) was observed in Group 4 
animals starting in Week 1.  Therefore, food was supplemented with canned food.  
Animals that lost body weight also had unsatisfactory food consumption. 
 
Ophthalmoscopy 
Examinations of all animals were performed pretreatment and in Weeks 4 and 5. 
 
Ophthalmoscopy findings observed included cornea opacity in one Group 4 M.  
However, no pretreatment data were submitted. 
 
ECG 
Electrocardiograms were recorded from all animals once pretreatment and in Week 4 
during treatment at approximately 2 hour post-dose.  The method to calculate the 
corrected QT intervals (QTc) was not described. 
 
There was a dose-dependent decrease in heart rate in M and a decrease in Group 2 
and 5 F; otherwise, there appeared no drug-related treatment changes in ECG. 
 
Table of heart rate (beats/min) changes 

Group 1 Group 2 Group 3 Group 4 Group 5 Sex 
Pre Week 4 Pre Week 4 Pre Week 4 Pre Week 4 Pre Week 4

Female 90 109 85 68 85 86 81 81 112 90 

Change - +19 - -17 - +1 - 0 - -22 

Male 86 99 85 85 107 97 88 62 104 68 

Change - +13 - 0 - -10 - -16 - -36 
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Hematology 
Blood samples were taken from all animals pretreatment and in Weeks 2 and 4.  The 
following parameters were assessed: RBC, HGB, HCT, MCV, MCH, MCHC, 
reticulocytes, WBC, neutrophils, lymphocytes, eosinophils, monocytes, basophils, LUC, 
platelet counts, PT, APTT, fibrinogen, and cell morphology. 
 
There was a decrease in RBC counts, HGB, HCT and reticulocytes in Group 4 animals, 
and a decrease in reticulocytes in Group 5 M.  Platelets were increased in Groups 4 and 
5 F, and decreased in Groups 3-5 M. 
 
Table of hematological changes after MK-4305 treatment (% difference in mean values 
from control 

 RBC HGB HCT Reticulocytes Platelets 

Male 
LD Week 2: 

Week 4: 
-1% 
-2% 

-2% 
-1% 

-1% 
-1% 

-36% 
+1% 

-2% 
+14% 

MLD Week 2: 
Week 4: 

-9% 
-5% 

-8% 
-4% 

-8% 
-3% 

-51% 
-28% 

-20% 
-2% 

MHD Week 2: 
Week 4: 

+2% 
-8% 

+4% 
-7% 

+3% 
-7% 

-74% 
-60% 

-9% 
-11% 

HD Week 2: 
Week 4: 

-4% 
-5% 

-5% 
-5% 

-5% 
-6% 

-26% 
-31% 

-29% 
-16% 

Female 
LD Week 2: 

Week 4: 
-1% 
-1% 

-1% 
+1% 

-1% 
0% 

-34% 
-20% 

-1% 
+7% 

MLD Week 2: 
Week 4: 

-1% 
-2% 

0% 
+1% 

+1% 
0% 

-27% 
-14% 

+6% 
+10% 

MHD Week 2: 
Week 4: 

-8% 
-19% 

-5% 
-16% 

-4% 
-16% 

-55% 
-28% 

+17% 
+25% 

HD Week 2: 
Week 4: 

-4% 
-5% 

-1% 
-2% 

-1% 
-3% 

+8% 
+30% 

+38% 
+39% 

 
Clinical Chemistry 
Blood samples were taken from all animals pretreatment and in Weeks 2 and 4.  The 
following parameters were assessed:  AST, ALT, ALP, total bilirubin, BUN, creatinine, 
calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, sodium, 
potassium, chloride, albumin, and globulins. 
 
An increase, generally dose-dependent, was observed in ALP at all doses; an increase 
in ALT and decreases in albumin and total protein were observed in Group 4 animals. 
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Table of selected biochemical changes compared to control animals (Sponsor’s) 

 
 
Urinalysis 
Urine samples were taken from all animals pretreatment and in Week 4 and from 5 
fasted dogs in Week 5. 
 
There appeared no drug-related treatment changes in urinalysis. 
 
Gross Pathology 
Gross pathology was assessed in all animals. 
 
Observations included lungs not collapsed and discolored large intestine in one Group 3 
M and a focus in the testes in one Group 4 M. 
 
Organ Weights 
At necropsy, the following organs were weighed: 
 

 
 
A dose-dependent increase in mean absolute and relative (to body weight) liver weight 
occurred in Groups 2-4 M and F.  Mean absolute and relative (to body weight) liver 
weight was increased in Group 5 animals.  The increase was statistically significant 
when M and F weights were pooled. 
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Table of organ changes in absolute weight compared to control organ weights 
 Brain Heart Kidney Liver Spleen Thymus Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
Group 2: -12% -3% +6% +27% -4% -12% +33% -2% - +10% +18% +8% 
Group 3: -10% -9% -4% +34% 0% +14% -48% +1% - +21% +7% -15% 
Group 4: -14% -19% -10% +40% -12% -42% -32% -22% - +22% +6% -12% 
Group 5: -6% -2% +3% +23% +9% 0% -18% -9% - +2% +5% +4% 

Female 
Group 2: +9% +12% +17% +53% +26% +86% - - -1% +50% +2% +7% 
Group 3: -1% +5% +8% +58% +21% +30% - - +4% +27% -12% +1% 
Group 4: -1% +3% +3% +97% 0% -12% - - +26% 0% +6% +4% 
Group 5: -2% +5% +5% +58% +10% +116% - - +9% +34% +18% -8% 

 

Table of organ changes in weight (relative to body weight) compared to control organ 
weights 

 Brain Heart Kidney Liver Spleen Thymus Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
Group 2: -16% -7% 0% +21% -10% -14% +25% -9% - +6% +16% -6% 
Group 3: -8% -4% -1% +38% +7% +14% -47% +2% - -17% +10% -19% 
Group 4: 0% -4% +4% +63% +3% -36% -22% -10% - -7% +25% 0% 
Group 5: -10% -4% -2% +18% +3% 0% -23% -14% - -1% +2% 0% 

Female 
Group 2: +2% +3% +9% +41% +22% +75% - - -6% +38% -7% 0% 
Group 3: -2% +4% +9% +58% +19% +25% - - +4% +26% -12% 0% 
Group 4: -8% -4% +7% +84% -6% -25% - - +17% -7% +1% 0% 
Group 5: -14% -8% -9% +40% -3% +100% - - -2% +15% +3% -22% 

 
Histopathology 
At necropsy the following organs, as listed in the study report, were prepared for 
histopathology examination from Groups 1, 4, and 5 animals.  In addition, the liver was 
examined from Groups 2 and 3 animals and the thymus was examined from Group 3 
animals.  Tissues were fixed in 10% neutral buffered formalin, except for eyes, testes 
and epididymides, which were fixed in modified Davidson’s solution. 
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Adequate Battery:  Yes. 
Peer Review:  No. 
Signed Pathology report:  No, the study was signed by G. Wollenberg for G Mesfin, 
B.V.Sc.  (page 2), but on the same page as other signatories.  In 2009, 
DSI conducted an inspection of the 9-month dog study, number TT081051, (see 
DAARTS IND 101,847 April 5, 2012) and audited the study.  Although there were a few 
observations, including the lack of a signed and dated final study report, similar to this 
study, the recommendation was that the study was acceptable for review. 
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 The Sponsor s day in females 
and 

 
Methods 

Doses: 0, 5, 2
Frequency of dosing: Daily 

stration: Oral by gavage 

mulation/Vehicle:  

-52 weeks 
Weight Females 5.6-9.3 kg; Males 6.9-12.0 kg 

Observations and Re
Mortality
Obser quent examinations on weekends and 
holidays. 
 
Three animals e  dead.  Two control M were sacrificed on 
Day 1 (replaced) or in Week 3 due to signs of decreased activity, labored breathing, 
pale gums, saliva ontrol M was found dead in 
Week had been observed with salivation and at the time of 
death, there was a blood-like su  cage.  The Sponsor associate the deaths 
to “inadvertent reflux n s” that appears 
ppropriate, as histological findings included hemorrhage and neutrophilic inflammation 

ecrosis of alveolar walls and fibrin in alveoli. 

ns were performed daily with less frequent examinations on weekends and 
olidays. 

ody weights were recorded once pretreatment and weekly during treatment. 

imals of 22%, 113%, and 59% in surviving F at the LD, MD, and HD, 
spectively, and 44% and 41%, in surviving M at the LD and MD, respectively.  At the 

tated, “the no observed effect level was 25 mg/kg/
5 mg/kg/day in males”. 

5, and 800 mg/kg 

Route of admini
Dose volume: 5 ml/kg 

For
Species/Strain: Dog/Beagle 

Number/Sex/Group 
Main study: 

 
7 

№ for interim necropsy: 3 
Age: 32

 
sults 

 
vations were performed daily with less fre

 were sacrificed arly or found

tion and/or blood-like emesis.  One c
9; before death, the animal 

bstance in the
aspiratio  of the vehicle and/or gastric content

a
of the lungs associated with n
 
Clinical Signs 
Observatio
h
 
Salivation occurred in 3 HD F and 3 control and 4 HD M.  One HD M had intermittent 
head trembling in Weeks 1 and 11 that occurred approximately 1.5-5 hours post-dose.  
Discolored feces (white or yellow) were observed in 1 LD, 3 MD, and 7 HD F and 1 MD 
and 7 HD M; the Sponsor considered the discolored feces likely to be due to presence 
of the compound. 
 
Body Weights 
B
 
There were non-dose-dependent increases in mean body weight gain compared to 
control an
re

88 

Reference ID: 3301135

(b) (4)





NDA 204-569   Richard Siarey 
 

There appeared to be no drug-related treatment changes in ECG. 

WBC, neutrophils, lymphocytes, eosinophils, monocytes, basophils, LUC, 
latelet counts, PT, APTT, and cell morphology (assessed in control and HD animals 

 Fibrinogen was assessed in Weeks 25 and 38. 

 

ence in mean values 
om control; Sponsor’s) 

 
Hematology 
Blood samples were taken from all animals pretreatment and in Weeks 4, 12, 25, and 
38.  The following parameters were assessed: RBC, HGB, HCT, MCV, MCH, MCHC, 
reticulocytes, 
p
only). 
 
There was a decrease in RBC counts in HD M, a decrease in reticulocytes In MD and 
HD M, and an increased in platelets in HD F and MD and HD M.
 
Table of hematological changes after MK-4305 treatment (% differ
fr

 
 
Clinical Chemistry 
Blood samples were taken from all animals pretreatment and in Weeks 4, 12, 25, and 
38.  The following parameters were assessed: AST, ALT, ALP, total bilirubin, BUN, 
creatinine, calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, 
sodium, potassium, chloride, albumin, and globulins. 
 
ALP was increased in MD and HD F and HD M.  The increase in ALP was 
dose-dependent and generally became more severe with the duration of the study.  
Other changes included a decrease in AST in F, an increase in ALT in HD F and M in 
Week 38, an increase in triglycerides at all doses, and an increase in cholesterol at the 
HD. 

Table of biochemical changes after MK-4305 treatment (% difference in mean values from 
control; Sponsor’s) 
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 AST ALT ALP Cholesterol Triglycerides

Male 
LD Week 4: 

Week 12: 
Week 25: 
Week 38: 

+3% 
+3% 
+6% 
-10% 

6% 
0% 
-6% 
+2% 

+13% 
+6% 
+3% 
-20% 

+19% 
+15% 

-7% 
+8% 

+17% 
+13% 

+25% 
-1% 

k 25: -3% +14% +253% +39% +72% 

MD Week 4: 
Week 12: 
Week 25: 
Week 38: 

+12% 
+3% 
+6% 
-19% 

-3% 
-6% 

+14% 
+25% 

+20% 
+22% 
+21% 
-7% 

+19% 
+16% 
+21% 
+10% 

+3% 
+15% 
+25% 
-1% 

HD Week 4: 
Week 12: 
Wee

+15% 
0% 

-18% 
+3% 

+133% 
+164% 

+26% 
+29% 

0% 
+41% 

Week 38: 0% +94% +146% +11% +48% 

Female 
LD Week 4: 

Week 12: 
eek 25: -14% -6% +8% +26% -7% 

-  

+  
+46% 

W
Week 38: 

MD 

-15% 
-39% 

-26% 

0% 
-3% 

+3% 

+15% 
+16% 

+31% 
+35% 

+40% 

-8% 
0% 

+9% +10% 
Week 4: 

Week 12: 
Week 25: 
Week 38: 

HD 

-13% 
-43% 
-14% 
-31% 

12%
-24% 
-6% 

-19% 

+24% 
+31% 
+39% 
+39% 

+40% 
+60% 
+26% 
+41% 

+13% 
+9% 

+10% 
+11% 

Week 4: 
Week 12: 
Week 25: 
Week 38: 

-28% 
-50% 

-25% 
0% 

+6% 

+107% 
+251% 

124%

+63% +13% 
+26% 
+26% 

+46% 
-26% +44% 
-40% +55% +131% +27% 

 
Urin

s wer llected ov t from a  Weeks 12, 25, and 38.  The 
t re assess volume, s  gravity, pH, protein, occult blood, 

, a irubin; uri lly. 
 
There appeared to be no drug-related treatment changes in uri . 

Gross Pathology
Gross pathology was assessed in all animals. 

Inte ce:

alysis 
e sampleUrin e co ernigh ll animals in

following parame
gluc e

ers we ed: pecific
ose, keton nd bil ne sediment was examined microscopica

nalysis
 

 

 
rim sacrifi   Gross findings erine dila  1 LD F ncreased liver size 

in 1 HD M were observed; otherwise there were no treatment related findings. 
 

nd of treatment sacrifice:

of ut tation in  and i

E   Cysts were observed in the pituitary of 1 LD M, the ovary of 
 the vagina of 1 LD F.  Foci was observed in the large intestine of 1 HD M 

rgan Weights 
kidneys, spleen, 

ituitary gland, adrenals, thyroid glands, prostate, ovary, and testes. 
 

1 MD F, and
and stomach of 1 MD F.  A nodule was observed in the urinary bladder and there was 
adhesion in the lung of 1 HD F, and 1 HD M had decreased size of the epididymis. 
  
O
At necropsy, the following organs were weighed: brain, heart, liver, 
p
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Increase in absolute and relative (to body weight) liver weight was observed in LD, MD, 
 relative (to body weight) adrenal gland 

eight was observed in HD F.  These changes were observed at both 6 and 9 months 

able of organ changes in absolute weight compared to control organ weights 

HD F, and HD M.  Increase in absolute and
w
of treatment. 
 
T

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

Male 
LD 
6 months: 
 months: 

 
-2% 
+3% 

 
-9% 
-5% 

 
+11% 
+1% 

 
-6% 
-4% 

 
+26% 
-12% 

 
+23% 
+25% 

 
-26% 
-1% 

 
- 
- 

 
-8% 
-7% 

 
-3% 
-1% 

 

+29
MD

-6% 
2% 

 
3% 

 
+10% 

 
+10% 

 
+9% 

 
+40% 

 
-17% 

 
- 

 
-11% 

 
-3% 

 
-6% 

 months: +6% -12% -9% +9% -31% -27% +5% - 
% 

-21% 
-6% 
-3% 

-18% 
+24% 

 
6 months: 

 
-2% -1

9 months: +11% -4% +3% -4% -8% +52% +2% - -12% -9% +3% 
HD 
6 months: 

 
-2% 

 
-11% 

 
+9% 

 
+57%* 

 
+8% 

 
-2% 

 
-13% 

 
- 

 
+4

  

9

Female 
LD 
6 months: 
9 months: 

 
-2% 
+2% 

 
+4% 
+3% 

 
-5% 
+2% 

 
+19% 
+14% 

 
+17% 
+5% 

 
- 
- 

 
- 
- 

 
-20% 
+73% 

 
+31% 
-3% 

 
-7% 

+11% 

 
-3% 

+18% 
MD  
6 months: -9% 

 
+9% 

 
-1% 

 
+37% 

 
+1% 

 
- 

 
- 

 
-35% 

 
+18% 

 
+4% 

% 

 
+10% 
+6% 

6 months: 
hs: -2% +8% +10% +56%* +28% - - +35% -10% +37% +18% 

9 months: +6% 0% +2% +31% +22% - - +73% -13% +9
HD           

9 mont
-10% -4% -2% +58% -16% - - -24% +27% +20% 

 
0% 

* statistically significa  from co trol 

o  c ges ei rel to  w t) c par  co l o  

H K  S  P T  Ov y T  A l P

nt n
 

Table of rgan h na  i  wn ght ( ati e v  b dyo e ghi om ed to ntro rgan
weights 

 Brain eart idney Liver pleen rostate estes ar hyroid drena ituitary

Male 
LD 
6 months: 

onths: 9 m
M

 
-5% 
0% 

-12% 
-8% 

+7% 
-5% 

-10% 
-6% 

+19% 
-12% 

+22% 
+2  

-31% 
-6% 

- -8% 
-5% 

-8% 
-4% 

-12% 
+2  

+3  
+4  

-21% 
-3% 

-12% 
-19% 

-21% 
+1  

     

2%

  

- 

   

0%
D 

6 months: 
onths: 9 m

H

 
-7% 
+6  %

 
-17% 
-6% 

 
+4% 
-2% 

 
+5% 
-5% 

 
+3% 
-9% 

 
4%
4%

  
- 
- 

 
-15% 
-14% 

 
-7% 

-12% 

 
-12% 
0% 

D 
6 months: 

onths: 9 m

 
-12% 
+19% 

 
-  22%
0% 

 
-7% 
+2  %

 
+42% 
+26% 

 
-10% 
-21% 

  

6%

 
- 
- 

 
-12% 
-11% 

 
-12% 
+10% 

 
-25% 
+4 % 0

Female 
LD 
6 months: 
 months: 

-4% 
-6% 

+1% 
-6% 

-9% 
-5% 

    

9
M

+16% 
+7% 

+13% 
0% 

- 
- 

- 
- 

-21% 
+55% 

+22% 
-11% 

-9% 
+2% 

0% 
+14% 

D 
6 months: 
9 months: 

 
-25% 
-4% 

 
-10% 
-11% 

 
-20% 
-7% 

 
+12% 
+19%* 

 
-19% 
+14% 

 
- 
- 

 
- 
- 

 
-45% 
+54% 

 
-4% 

-21% 

 
-15% 
-1% 

 
0% 
0% 

HD 
6 months: 
9 months: 

 
-10% 
-12% 

 
-3% 
-5% 

 
-2% 
-5% 

 
+59%* 
+39%* 

 
-16% 
+10% 

 
- 
- 

 
- 
- 

 
-22% 
+22% 

 
+28% 
-22% 

 
+23% 
+21% 

 
+14% 

0% 

       

* statistically significant from control 
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Histopathology 
At necropsy, the following organs from control and HD animals, as listed in the study 
repo t, w r d is h T

lin, except for eyes, testes, and epididymis, which were fixed in modified 
vidson’s glands in M were evalu ted wh n 

l fro  M n e m u  at  int ne sy.

r ere p epare  for h topat ology examination.  issues were fixed in 10% 
forma
Da  solution.  Mammary a en present in section.  I
addition, i  ver m all D a F d w M r ae ex ined b t y onl the erim crop  
 

 
 

 
 
Adequate Battery:  Yes 
Peer Review:  No. 
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between MD and HD.  Accumulation was approximately 2-fold between Day 1 and 
Week 13 and was stable by Week 26.  Tmax was generally at about 1 hour post-dose. 
 
Table of toxicokinetic parameters (Sponsor’s) 

Day 1           Week 13        Week 26 

 
 
Study ti t t i o w  

p
2

tio EDR 
Conducting laborator e c ra e

t in
a 1 8

A
Date of s

( ; 5 A 7
( e p 1

Drug, lot # , 5 9

HPLC, respectively 

ngs 

sulted in a swollen hindlimb that 
became non-weight bearing. 

 The Sponsor stated that “the no observed effect level was <10 mg/kg/day.”; this 
appears appropriate as hepatocellular hypertrophy was observed at all doses. 

 

tle:  MK-4305: Nine-month oral oxicity s udy n d gs ith a 6-month interim
necro sy 

Study no.: TT09106  
Study report loca n:

y and location: M
W

erc
es

k R
 Po

sear
t,  

h Labo tori s 
 

Pennsylv nia 94 6  
U.S. . 

tudy initiation: March, 9 2009 
GLP compliance: Ye  s US 21 CFR 8  , pr l i , 02 10) 

QA statem
, an

ent: Yes Dat d: A ril 2, 20 0) 
d % purity: MK-4305  Lots L-0019 841 -010J004 and 

L-001958419-010J005, 97.84% and 99.6% by 

 
Key Study Findi

 Incidences of salivation occurred dose-dependently at all doses.  During the 
study, 1 MD M suffered from an injury that re

 An increase in ALP was observed that was dose-dependent and became more 
severe with the duration of the study. 

 An increase in liver weight was observed. 
 Hepatocellular hypertrophy was observed in 1 HD M at the interim sacrifice and 

at the end of treatment in 1 LD F, 1 MD F and 1 HD F. 
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were observed in animals at all MK-4305 doses, persistent papillary membrane of the 
iris was observed in 1 MD M, and cornea opacity was observed in 1 HD F and 1 HD M.  
However, a pretreatment evaluation was not conducted. 
 
ECG 
Electrocardiograms were recorded from all animals once pretreatment and in Weeks 26 
and 37 during treatment at approximately 1 hour post-dose. 
 
The Sponsor reported “no test article-related to findings”.  Only summary tables were 

which there appear to be no drug-related treatment 
changes. 
 
Hematology 
Blood samples were taken from all animals pretreatment and in Weeks 4, 12, 25, and 
38.  The following parameters were assessed: RBC, HGB, HCT, MCV, MCH, MCHC, 
reticulocytes, WBC, neutrophils, lymphocytes, eosinophils, monocytes, basophils, LUC, 
platelet counts, PT, APTT, and fibrinogen.  Cell morphology was assessed in control 
and HD animals in Weeks 4, 12, and 38. 
 
There was a decrease in RBC parameters; RBC counts, HGB, and HCT.  Reticulocytes 
were decreased in F and M at the MD and HD. 
 
Table of hematological changes after MK-4305 treatment (% difference in mean values 
from control; Sponsor’s) 

submitted in the study report from 

 
 

linical ChemistryC  
Blood samples were taken from all animals pretreatment and in Weeks 4, 12, 25, and 
38.  The following parameters were assessed: AST, ALT, ALP, total bilirubin, BUN, 
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creatinine, calcium, phosphorus, total cholesterol, triglycerides, glucose, total protein, 
sodium, potassium, chloride, albumin, and globulins. 
 
ALP was generally increased at all doses in F and M.  The increase in ALP was 

ependent and became more severe with the duration of the study.  Other 

 38. 

AST ALT ALP Cholesterol Triglycerides

ale

dose-d
changes included a decrease in AST from Week 4, an increase in ALT in HD M in Week 
38, and an increase in triglycerides in HD M in Weeks 25 and
 
Table of biochemical changes after MK-4305 treatment (% difference in mean values from 
control) 

 

M  
LD Week 4: 

Week 12: 
Week 25: 
Week 38: 

-20% 
-24% 
-16% 

+3% 
-3% 
0% 

+17% 
+24% 
+47% 

+3% 
+12% 
+14% 

-16% 
-12% 
+8% 

MD Week 4: 
Week 12: 
Week 25: 

-14% 
-24% 
-32% 

-6% 
+8% 
-3% 

+32% 
+71% 

+11% 
+18% 

0% 
-8% 

-8% +6% +10% -1% -5% 

Week 38: -30% +8% 
+143% 
+217% 

+20% 
+22% 

+17% 
+28% 

Week 38: -57% +108% 
6% 

+483% 
+26% 
+29% 

+36% 
+131% 

HD Week 4: 
Week 12: 
Week 25: 

-30% 
-43% 
-54% 

-19% 
-8% 

+29% 

+103% 
+210% 
+44

+4% 
+20% 

-7% 
+18% 

Female 
LD Week 4: -8% 

Week 12: 
Week 25: 
Week 38: 

-21% 
-12% 
-16% 

0% 
-6% 

+27% 
+27% 

+2% 
0% 

+19% 
+20% 

-7% 
+5% 
-6% 

+15% 

-12% 
-15% 
-11% 
-2% 

MD Week 4: 
Week 12: 
Week 25: 
Week 38: 

-14% 
-26% 
-12% 
-28% 

-4% 
-12% 
+31% 
+20% 

+24% 
+67% 
+176% 
+281% 

+24% 
+52% 
+20% 
+47% 

0% 
+11% 
+20% 

0% 
HD Week 4: 

Week 12: 
Week 25: 
Week 38: 

-28% 
-33% 
-19% 
-33% 

0% 
-16% 
+27% 
+27% 

+81% 
+102% 
+202% 
+269% 

+18% 
+27% 
+6% 

+37% 

+2% 
+2% 
+4% 

+35% 

 
Urinalysis 
Urine samples were collected overnight from all animals in Weeks 12, 25, and 38.  The 
following parameters were assessed: volume, specific gravity, pH, protein, occult blood, 
glucose, ketone, and bilirubin; urine sediment was examined microscopically. 
 
There appeared to be no drug-related treatment changes in urinalysis. 
 
Gross Pathology 

ross pathology was assessed in all animals. G
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Interim sacrifice:  A cyst was observed in 1 HD M, an increased in liver size occurred in 
2 HD M, and a decrease in uterus in 1 HD F; otherwise there were no treatment related 
ndings. fi

 
End of treatment sacrifice:  The liver was increased in 2 HD M, with few other findings 
observed. 
  
Organ Weights 

gland, adrenals, thyroid glands, prostate, ovary, and testes. 
 

tical analysis was performed on combined F and M data.  At the interim sacrifice, 
n t increase  observed at the HD for liver weight and adrenal 

gland weight relative to body weight.  At the terminal sacrifice, a statistically significant 
increase in absolute liver weight was observed at all doses and at the MD and HD 

w

Tabl  cha in absolut ight compared to control organ weights 
H y Li en Pro stes Ov yroid Adre uitary

Male

At necropsy, the following organs were weighed: brain, heart, liver, kidneys, spleen, 
pituitary 

Statis
a statistically sig ifican  was

relative to body 
 

eight. 

e of organ nges e we
 Brain eart Kidne ver Sple state Te a hry T n ital P

 
LD 
6 mo

 
+

+1

 
+2% 

+16% +1

 
 

0% 
-
-3%

 
11% 

% - 

 
 

1% 
+
-1%

 
% 
% 

9 mo
+5

+1

 
+24% 
+16% 

 
+55
+34

 
-8% 

+33% 

 
-3

+18

 
+35% 
-1% 

 
- 
- 

 
+42% 

0% 

 
+66
+3

 
-1% 
-3% 

HD 
6 mo -1

+

 
0% 

+12% 
+4
+6

 
-10% 
+21% 

-4
0

 
2% 

+2% 

  
8% 
6% 

+58
+11%

 
-4% 

-13% 

Fem

nths: 
: 

-1% 
-2%9 months

MD 

  
1% 
0% 

 
0% 

1% 
-16%
+1

 
9% 

 
+
+1

 
- -15%

+1

 
1% 

 
-4
+2

6 months: 
 

-3% 
nths: -7% 

 
% 

4% 
% 
% 

% 
% 

% 
% 

nths: -1% 
9 months: -4% 

  
3% 
3% 

 
5% 
7% 

 
7% +1
% 

- +1
- +1

 
% 

 

ale 
LD 
6 mo -1

+1

 
-18% 
+8% 

-1
+27

 
-2% 
+8% 

 
- 
- 

-2
+3

 
 

0% 
-21%
+14

 
-15% 
-3% 

6 mo
9 mo

-1
+

 
-5% 
+1% 

-
+5

 
-13% 

4% 

 
- 
- 

-4
+1

 
 

% 

 
+16

0%

 
-8% 

 
HD 

 months: -12% 
% 

-20% 
+8% 

 
-19% 
+10% 

+2% 
+89% 

 
-33% 
+23% 

- 
- 

 
- 
- 

-60% 
-6% 

 
-23% 
+19% 

-6% 
+15% 

 
-27% 
0% 

nths: -3% 
9 months: +5% 

MD 

  
5% 
1% 

 
6% 

% 

 
- 
- 

 
9% -28%
4% 

 
 

% 

nths: -6% 
nths: -2% 

 

  
7% 
3% 
 

 
3% 
6% +1
 

 
- 
- 
 

 
2 -15%% 
6% +1
 

% 
 -2%

 
6
9 months: +2
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Table of organ changes in weight (relative to body weight) compared to control organ 
weights 

 Brain Heart Kidney Liver Spleen Prostate Testes Ovary Thyroid Adrenal Pituitary

aleM  
LD 
6 months: 
 months: 

 
-2% 

+1

 
-2% 

 
0% 

 
-2% 

 
-17% 

 
-12% 

 
+10% 

 
- 

 
-18% 

 
-2% 

 
-8% 

9
MD

6% -6% 0% -5% -4% -18% -11% - -4% -13% -14% 
 
1% 

 
+5% 

 
+32% 

 
-22% 

 
-18% 

 
+16% 

 
- 

 
+22% 

 
+41% 

 
-17% 

 months: -11% -6% +2% +51% +7% -11% -4% - 
4% 

+4% 
+66% 
-1% 

0% 
-29% 

 
6 months: 

 
-16% -1

9 months: -14% +3% +7% +24% +22% +3% -8% - -9% -7% -14% 
HD 
6 months: 

 
+6% 

 
-7% 

 
+8% 

 
+56% 

 
-1% 

 
-45% 

 
+20% 

 
- 

 
+2

  

9

Female 
LD 
6 months: 
9 months: 

 
-5% 
-14% 

 
-16% 
-7% 

 
-19% 
-11% 

 
-17% 
+4% 

 
-11% 
-11% 

 
- 
- 

 
- 
- 

 
-27% 
+10% 

 
-28% 
-16% 

 
-23% 
-6% 

 
-18% 
+22% 

MD 
6 months: 
 months: 

 
-7% 
-19% 

 
-16% 
-14% 

         

9
H

-6% 
-16% 

-3% 
+30% 

-14% 
-9% 

- 
- 

- 
- 

-41% 
-1% 

-14% 
-16% 

+13% 
-17% 

-6% 
+22% 

9 months: 

 
% 

 
-18% 

D 
6 months: 

 
-2% 

 
-9% 

 
-8% 

 
+14% 

 
-26% 

 
- 

 
- 

 
-54% 

 
-11% +6

-16% -12% -9% +55% -3% - - -23% -2% -6% +22% 

 
toHis patho ogy 

he w rg rom trol and HD animals, as listed in the study 
pr d is o ex at  Tis es  fix in  
ep  e te  a epi mi ich ere d od  
lu  P yr la M F  ma ary nds M  
en ent in s . d , 
he rim fi c  an  L nd  we m at  

y. 

l
At necropsy, t  follo ing o a f

topath
ns  con

report, wer  e ep rea  fo  hr lo y g amin ion. su were e  d 10%
formalin, exc t for yes, stes, nd didy s, wh w  fixe in m ified
Davidson’s so tion. arath oid g nd in  and and mm  gla  in were
evaluated wh  pres ection  In a dition liver from all MD F and M were 
examined at t  inte  and nal ne ropsy, d in D F a M re exa ined  final
necrops
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Adequate Battery:  Yes 
Peer Review:  No. 
Signed Pathology report:  Yes,  (page 51). 
 
Histological Findings 
There were few histological findings.  Hepatocellular hypertrophy was observed in 1 HD 
M at the interim sacrifice at 6 months and was observed at the end of treatment in 1 LD 
F, 1 MD F, and 1 HD F.  
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Week 13        Week 26/27 

  
 
The TK pattern of the metabolite L-002015883 was generally similar to MK-4305.  
However, the AUC and Cmax values were approximately 1.5-fold and 2.5-fold higher, 

spectively, and Tmax longer than values observed for MK-4305.  There were no sex 

 

re
differences.  Plasma exposure to L-0020158 increased less than dose-proportionally.  
Accumulation of 1.7 to 2.1-fold occurred from Day 1 to Week 26.  Tmax was increased 
with increase of dose from approximately 1.2 hours at the LD to approximately 
3.5 hours at the HD. 
 
Table of L-002015883 toxicokinetic parameters following MK-4305 administration
(Sponsor’s) 

Day 1       Week 4 
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Week 13     Week 26/27 

  
 

7 Genetic Toxicology 

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

Study title:  MK-4305 Microbial mutagenesis assay 

Study
Conducting laboratory and location: Merck Research Laboratories 

West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: Exploratory – June 29, 2007 
Confirmatory – July 17, 2007 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: MK-4305, L-001958419-004N003 at 98.4% 
 
Key Study Findings (taken from Dr. Peters review    

K-4305 was negative for mutagenicity under the conditions of this study. 
 

(see Nonclinical review by Dr. Peters; DAARTS IND 101,847 June 16, 2008) 
Study no.: TT078074 (Exploratory) and TT078097 

(Confirmatory) 
 report location: EDR 

):
M
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Methods 
Strains: S. typhimurium TA1535, TA97a, TA98 and TA100 

and E. coli WP2uvrA. 
 Concentrations in definitive study:  100, 300, 1000, 3000, and 6000 µg per plate 

Basis of concentration selection: Exploratory assay with doses of 30, 100, 300, 
1000, 3000, and 6000 μg/plate where 
precipitation was noted at ≥1000 μg/plate. Only at 
1000 μg/plate (without S9) or 1000 and 
6000 μg/plate (with S9) in strain TA 97a was 
inhibition of bacterial growth noted. 

Negative control: DMSO 
Positive controls:
Without S-9 mix:

 
1.5 µg ICR-191 on TA97a, 1 µg 2-nitrofluorene on 
TA98, 0.75 µg sodium azide on TA 100 and 

1535, and 4-nitroquinoline oxide on WP2uvrA. 
nd 2 µg 2-aminoanthracene (2AA) on TA97a, 

TA98, TA100, and TA1535, and 2 and 5 µg 2AA 

g/ml) was 
he Ames 

microbial mutagenicity tes r 5 and M9 
(see table belo t hours of incubation with 11.5 

t
 
Levels of M9 after MK-4305 incubation or’s) 

With S-9 mix (rat):
TA
1 a

on WP2uvrA. 
Incubation & sampling time: Standard Ames methodology. 

 
In an additional study (№ TT098887), MK-4305 (1.15, 11.5, and 115 µ
incubated under conditio  ns (in the

t to measu
presence of rat S-9 mix) similar to t
e the formation of metabolites.  MK-430

after 1 and 2 w for levels) were de ected 
and 115 µg/ml MK-4305; M17 was no  detected in any sample. 

with rat S-9 mix (Spons
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7.2 In Vitro Chromosomal Aberration Assays in Mammalian Cells 

Study title:   MK-4305 Assay for chr in vitro, in Chinese hamster 

(se s
Study no.: 654 

Study report location:
Conducting laboratory and location:

lvania 19486  
U.S.A. 

Date of study initiation:

GLP compliance:
:

Drug, lot #, and % purity:
 
Key St r

K-4305 was negative in this chromosomal aberration assay in CHO cells at 

ls 
 Concentrations in studies

omosomal aberrations 
ovary cells 

e Nonclinical review by Dr. Peter ; DAARTS IND 101,847 June 16, 2008) 
TT078652 (Range-finding) and TT078
(Definitive) 
EDR 
Merck Research Laboratories 
West Point,  
Pennsy

Range finding – June 12, 2007 
Definitive – June 19, 2007 
Yes 

QA statement Yes 
MK-4305, L-001958419-004N003 at 98.2% 

udy Findings (taken from D . Peters review):   
M
concentrations up to 90 μM with S-9, and up to 105 μM and 60 μM without S-9 (3- and 
20-hour treatments, respectively). 
 
Methods 

Cell line: Chinese hamster ovary cel

without S-9 mix (3 hours):
without S-9 mix (20 hours):

with S-9 mix (3 hours):
Concentrations evaluated
without S-9 mix (3 hours):

without S-9 mix (20 hours):
with S-9 mix (3 hours):

 
35, and 150 µM 

10, 20, 30, 40, 50, 60, 75, and 90 µM 
40, 60, 75, 90, 105, 120, 135, and 150 µM 
 
60, 75, and 105 µM 
20, 40, and 60 µM 
60, 75, and 90 µM 

Basis of concentration selection: Range-finding assay at 3.91, 7.81, 15.63, 31.25, 
62.5, 125, 250, and 500 µM with precipitation 
found after 3 hours at ≥125 µM. 

Negative control: DMSO 
Positive control: 0.5 and 1.5 µM Mitomycin C (without S-9 mix) 

2.5 and 10 µM Cyclophosphamide (with S-9 mix) 
Incubation & sampling time: Standard methodology. 

 

30, 40, 60, 75, 90, 105, 120, 1
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study title:  MK-4305  Assay for micronucleus induction in rat bone marrow from a 
1-month oral toxicity study 

as the positive control study 

GLP compliance:

Drug, lot # 305, L-001958419-004N003 at 98.4% 
 

ey Study Findings (taken from Dr. Peters review):   
cronuclei in animals treated for 

ethods 
es in definitive study: 0, 100, 300, and 1200 mg/kg 
Frequency of do il

Ro l
l

t/

Ba The MD and LD were 
s ty margin over the clinical 
e

Positive control: 0.6 a  M 
in a 

Sam m re taken the day following final drug 

trea
 

(see Nonclinical review by Dr. Peters; DAARTS IND 101,847 June 16, 2008) 
Study no.: TT078797 (see TT079815)  

TT078602 w
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: June 22, 2007 
Yes 

QA statement: Yes 
, and % purity: MK-4

K
There were no apparent increases in the numbers of mi
1 month with MK-4305 at doses up to 1200 mg/kg/d. Therefore, this is considered a 
negative study. 
 
M

Dos
sing: Da y for 1-month 

ute of administration: Ora  (gavage) 
Dose volume: 5 m /kg 

Formulation/Vehicle:  distilled water 
Species/Strain: Ra  Crl:CD(SD) 

Number/Sex/Group: 10 
sis of dose selection: The HD was at the MFD. 

cho en to provide a safe
dos . 

Negative control: Vehicle 
nd 1.6 mg/kg mitomycin C administered i.p. to

separate study (№ TT078602)  
pling times: Sa ples we

administration; i.e. 24 hours post after 43 weeks of 
tment 
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Study title:  MK-4305 Assay for micronucleus induction in mouse bone marrow 
Study no.: TT112540 (Exploratory) and TT118503 

 location: EDR 

. 

GLP compliance:
QA statement:

Drug, lot #, and % purity: 5, Batch № L-001958419-010J007 
 
Key Study Findin
There were no apparent increases in the numbers of micronuclei in animals treated with 
MK-4305 a /k tudy. 

dministration: Oral (gavage) 
Dose volume: 15 ml/kg 

Formulation/Vehicle: 0.5% [w/v] Methylcellulose with 5 mM HCl in 

D-1 (ICR) 
 apart from the HD that had 7; 5 

Group were evaluated. 
Ba y single-dose 

y (№ TT112540) in which there was 
tality at 2000 mg/kg and marked clinical signs at 

alf 

Negative control: d water 
 3 mg/kg mitomycin C (i.p.) sampled at 

Sampling times: 
 
Study Validity 
The study was valid.  Samples were taken at 2 time points (24 and 48 hours) and 2000 

CEs were scored for each mouse. 
 
Results 
In the exploratory study (250, 500, 1000, and 2000 mg/kg) death occurred in animals 
treated with 2000 mg/kg.  Clinical signs observed at >500 mg/kg included decreased 
activity and at >750 mg/kg included ataxia, labored breathing, sternal recumbency, and 
cool to touch.  In the definitive study, decreased activity was observed at the MD and 

(Definitive) 
Study report

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  
U.S.A

Date of study initiation: July 20, 2011 
Yes 
Yes 
MK-430

gs:   

t oral doses up to 750 mg g.  Therefore, this is considered a negative s
 
Methods 

Doses in definitive study: 0, 187.5, 375, and 750 mg/kg 
Frequency of dosing: One single dose 

Route of a

deionized water 
Species/Strain: Mouse/ Male Crl:C

Number/Sex/Group: 5 for all Groups
animals/

sis of dose selection: The HD was chosen from the explorator
range-finding stud
mor
1000 mg/kg in both M and F.  The MD was one h
the HD, and the LD was one fourth the HD. 
Distille

Positive control: 0.35 and
24 hours post-dose 
24 and 48 hours post-dose 

P
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decreased activity, ptosis, recumbency, bradypnea, tremors, and ataxia were observed 
at the HD.  A slight incre P  levels at 
24 hours post-dose; 2.6, 1.8, and 2.3 for LD, MD, and HD, respectively, compared with 
the vehicle val h ease was small, within the historical control 

 i ours post-dose.  In 
contrast, MN-PCEs were greatly incre als treated with the positive control 
mitomycin C at 2 mg/kg.  Therefore, M w any clastogenic potential 
in mice in vivo up to 750 mg/kg. 
 
Summary table of MK-4305 micronucleus assay in mouse bone marrow (Sponsor’s) 

ase in MN- CEs was observed at all MK-4305 dose

ue of 1.0.  However, t e incr
range of controls (0.3 – 2.8), and no ncrease was observed at 48 h

ased in anim
K-4305 does not sho
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7.4 Other Genetic Toxicity Studies 

Study title:   In vitro alkaline elution/rat hepatocyte assay 
(see Nonclinical review by Dr. Peters; DAARTS IND 101,847 June 16, 2008) 

Study no.: TT078384 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486  

Date of study initiation: Not provided 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Not provided 

 
Key Study Findings (taken from Dr. Peters review):   
Under the conditions of this study, no dose evaluated elicited an induced elution slope 
of ≥0.020 so this is considered to be a negative study. 
 
Methods 

Cell line: Rat hepatocytes 
 Concentrations in definitive study: 0, 35, 70, 100, and 150 µM 

Basis of concentration selection: Exploratory assay at 9, 18, 35.9, 71.8, and 
143.7 μM where the HD was not evaluated due to 
precipitation 

Negative control: DMSO 
Positive control: Dimethylnitrosamine and γ radiation 

Incubation & sampling time: Standard alkaline elution methodology 
 

8 Carcinogenicity 

Study title:  6-Month oral carcinogenicity study in rasH2 Tg mice 
Study no.: TT106013 

Study report location: EDR 
Conducting laboratory and location: Laboratoires Merck Sharp  Dohme-Chibret, 

Riom, France and,  
Merck Research Laboratories, West Point, 
Pennsylvania, U.S.A 

Date of study initiation: March 22, 2010 
GLP compliance: Yes (US and French) 

QA statement: Yes (Dated: May 13, 2011) 
Drug, lot #, and % purity: MK-4305, Lot L-001958419-004N009, 99.6% 

CAC concurrence: see below 

U.S.A. 
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Protocol recommendations 

d to IND 101,847 on 
udy 

reports PK004, TT  TT096038 (DAARTS;  March 
05, 201 e  the protocol on February 2, 2010.  

 r the mouse 
study but disagreed with the Sponsor's other proposed doses.  The 
Committee recommended oral 0, 50, 125, 300, and 
650 mg/kg/day for M and F.  The Sponsor did not believe the 
recom use the dose response was 
non-linear at doses above 100 mg/kg/day, i.e., systemic exposures at 
300 mg/kg/day would only differ by 1.7-fold from the projected exposures 
at 12 h erefore, selected doses of 0, 
0, 25, 50, 200, and 650 mg/kg/day for M and F. 

crease in survival rate for 
MK-4305-treated M or F.   

significant increase in hemangiosarcomas (combined across tissues) was 
observed in F. 

Ad d
The mouse carcinogenicity study app
 
Appropriateness
The TgrasH2 mou a er a 6-month 
period.  circulating 

etabolite observed in humans (M9) was also observed in mouse. 
 

 significant increase in hemangiosarcomas 

 

The protocol for the mouse study was submitte
December 22, 2009 and was reviewed by Dr. Peters, along with st

086053, TT096020, and
0).  The Exec CAC r viewed

The Exec CAC concurred with the Sponsor's proposed HD fo

(gavage) doses of 0, 

mended doses were appropriate beca

5 and 650 mg/kg/day.  T e Sponsor, th

 
Key Study Findings 

 There was no statistically significant de

 A 

 
equacy of Carcinogenicity Stu y 

ears to be adequate.   

 of Test Models 
se is an appropri te model to test for carcinogenicity ov

  Pharmacokinetic and toxicology studies documented that the major
m

Evaluation of Tumor Findings 
The only tumor finding was a statistically
(combined across tissues) in F.   
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There was no statistically significant effect on survival rate for MK-4305 treated F and 
M.  A statistically signifi e ntrol group animals 
was observed, d l and 
MK-4305 ue to neoplasms such as hemangiosarcoma in 
the spleen and adenocarcinoma in the lung.  Deaths in the positive control group were 
due to sarcoma and spleen 
hemangiosarcoma
 
Table showing the causes of deat
 /day) 

cant incr ase in mortality in the positive co
with only 1 F an  1 M surviving to termination.  Deaths in contro

treated animals were mainly d

 lung adenocarcinoma, adenoma, and hemangio
. 

h in MK-4305 treated animals 
FEMALE (mg/kg/day) MALE (mg/kg

CAUSE Control 1 650 25 50 200 650 Control 2 

Intubation accident:    
1 in wk 

11# 
  

1 in wk 
12# 

Undetermined: 1 in wk 21#       

Liver 
Infarct: 

     1 in wk 9#  

Lung  
Adenocar

 
 cinoma:  

 
 1 in wk 

23# 
   

Lymphoma 
Primar

undetermined: 
  y site   

 
1 in wk   

28# 

Body cavity 
 Hemangiosarcoma:     1 in wk  

 

17# 

Skin 
Hemangio 1 in wk 

17* 
  sarcoma:     

 

Fibrosarcoma:      1 in wk 23#  

Peritoneum 
Hemangiosarcoma: 

     
 

1 in wk 24# 
 

Malignant mesothelioma:      1 in wk 21#  

# - Found dead, * sacrificed 

 
Clinical Signs 
Observations for clinical signs were performed weekly.  All animals except those from 
the positive control group were palpated for masses every 4 weeks, from Week 14 to 
26. 
 
The LD F found dead displayed signs of hunched posture, thin, decreased skin turgor, 
and was cool to touch on days prior to death; all other LD F displayed normal signs.  
The MHD F found dead displayed signs of labored breathing and swelling and was thin 
on days prior to death; all other MHD F appeared normal.  All HD F appeared normal.  
The control M from group 2 that was found dead showed signs of decreased activity, 
distended abdomen, and paleness, and was cool to touch on the days just prior to 
death.  MK-4305 treated M generally appeared normal. 
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In the urethane positive control group, decreased activity was observed in Week 1 in all 
M and F.  Other clinical signs that were observed in a few animals prior to the day of 
death included hunched posture, flattened posture, thin appearance and audible 
respiratory 
 
No nodules or palpable masses were reported. 
 
Body Weights 

roughout treatment. 

as a slight incre dy ight  wit  
weight increases in F were 2.2, 1.9, 3.5, 3.3, 3.6, and 2.8 g and in M were 2.9, 2.9, 4.0, 
4.2, 4.4, rou  1, con ol gro  2, LD, MLD, MHD, and HD, 
respective

During Week 1, F and M in the urethane positive control group lost body weight, 1.5 g 
nd 3.1 g (13%), respe tively loss in body weight was recovered after Week 

4-5.  Ap onth 4, prior to death, there was a decrease in body weight in F 

Figures of ponsor’s) 

Body weights were recorded once pre-treatment and weekly th
 
There w ase in bo  we gain h -4305 treatment; mean bod

u

 MK y

and 3.2 g for
ly. 

 control g p tr p

 

(8%) a c .  T e h
proximately in M  

and M. 
 

 body weight (S
FEMALE 
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MALE 

 
 
Gross Pathology 
Complete necropsies were conducted on mice sacrificed prior to or at termination. 
 
Few gross findings were noted in MK-4305 treated animals, with only single 
observations generally observed in each group.  In urethane treated animals, gross 
findings in F and M lungs included discoloration (7 and 9, respectively) and nodules (23 
and 23, respectively) and in F and M spleen included increased size (4 and 10, 
respectively), and nodules (14 and 18, respectively). 
 
Histopathology 
The tissues listed in the Sponsor’s table below, taken from all animals, were prepared 
by routine methods and stained with hematoxylin and eosin.  Testes and epididymides 
were fixed in modified Davidson’s solution, unless the M was found dead. In M found 
dead, testes and epididymides were fixed in 10% neutral buffered formalin.  All gross 
masses and, at the discretion of the pathologist, tissues with gross changes were also 
processed, stained, and examined microscopically.  The lungs and spleen from the 
positive control (urethane) mice, including other tissues with gross changes (at the 
discretion of the pathologist), were similarly processed, stained, and examined 
microscopically. 
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eer Review:P   Study pathologist was Christine Boussiquet-Leroux, D.V.M. (Signed on 
49).  A peer review was conducted by G. Gerin, D.V.M. (Signed on Page 770).  

The peer reviewer concurred with the findings of the Study Pathologist.   
 
Neoplastic:

Page 

  The Sponsor states that “There were no gross findings (nodules or masses) 
suggestive of any test article-related neoplastic changes in any of the groups given 
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Summary incidences of primary neoplasms (Sponsor’s) 

 
 
Incidences of neoplasms with the posit oive control, urethane (Sp nsor’s) 

 
 

f neoplastic types with p-value  
comparisons of  group i o bi  nt s A ta ti n)
Table o s ≤ 0.05 for dose-response relationship or pairwise

MK-4305 treated s w th c m ned co rol (FD  S tis cia  

 
 
Non-neoplastic:  The main target   

 include d en  
In F, there was the n b o o r lu  

 being d lated. 

d non-ne in fe t f  u o  W ek
FEMALE (mg/kg/day) 

organs for MK-4305 were the liver and ovary.
Findings d very slight to marke  c trilobular hypertrophy in MHD F and MLD M. 

 a decrease in um er f c rpo a tea, with the incidence and
severity ose-re
 
Selecte oplastic findings m eal s f a te Mr K 3-4 0  t5 re tma en or p t 26 e s 

Tissue Finding 0 0 5  200  2 50 650 
Liver Centrilobular hypertrophy 
 
 
 
 

very slight;
slight:

moderate:
marked:

(24) [1]
0 [0] 
0 [0] 
0 [0] 
0 [0] 

(25) 
0 
0 
0 
0 

(24) [1]
0 [0] 
0 [0] 
0 [0] 
0 [0] 

(24) [1] 
0 [0] 
0 [0] 
0 [0] 
0 [0] 

(24) [1]
3 [0] 
15 [0] 
1 [0] 
2 [0] 

(23) [2]
0 [0] 
0 [1] 
8 [0] 
14 [0] 
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measured in the plasma at 0.5 hours post-dose wa oportional 
between the LD and MLD and less than dose-proportional between the MLD and HD.  

conc  of the major metabolite M9 meas red in the plasma at 0.5 hours 
dose proximately dose-proportional between the LD and MLD and less than 

dose-proportional between the MLD and HD.

Table of plasma concentrations (µM) of MK-4305 and M9 (Day 18

 Control 1

s greater than dose-pr

The 
post-

entration
 was ap

u   

 
 

 183/ 4) 

 Control 2 25 mg/kg/day 50 mg/ /daykg 200 mg/kg/d g650 m /kg/d

 MK-4305 M9 MK-4305 M9 M 9 -430 M9 MK-430  0

F <LL  <LLQ 10.9 5.6 12.5 .9 2 

K-4305 M  MK 5 5 M9 MK-43 5 M9 

Q <LLQ <LLQ 7.87 2 65.1 23 69. 25.5

M <LLQ <LLQ <LLQ <LLQ 8.43 6. .5 . 2  94 28  15 3 50.  15.9 105 36.2

 
Overall summary 
The mouse carcinogenicity study appears to deq te.  cte ses K  
produced no increas ortalit e
significan ence la , ap t fro  s ca gn t 

eoplasm in the laboratory the study was conducted in. 

In conclusion, few neoplastic changes were reported in transgenic rasH2 mice after oral 
ration of MK  Sponsor concluded that “
n of a carcinogenic potential up to 650 

/da tis gn n -d de cr   
incidence of hemangiosarcomas er d in  A ll TK nalys  wa t 
performed in this study. 
 
Historical laboratory control data on hemangiosarcoma’s in Females 
Study Spleen Other Total 

 0 

 be a ua Sele d do  of M -4305
e in m

t increase in incid
y compar d to controls.  There was no statistically 

s of neop sms ar m a tatisti lly si ifican
dose-dependent increase in the incidence of hemangiosarcomas in F.  However, the 
number of incidences fell within the range (0-16%) of historical control data for this 
n
 

administ
related i

-4305; the There was no test article-
crease on mortality and no evidence 
y”.  However, a stamg/kg tically si

 was obs
i afic t edos e npe n int e eas in e th
ve  F. fu  a is s no

07-6058      Group 1: 1 1 
Group 2: 1 

0  
07-6062      Group 1: 0 

1 
08-6029      Group 1: 0 

Group 2: 1 

0 0 
8-6050      Group 1: 1 1 2 

p 2: 3 1 4 

Group 3: 0 0 0 

0 1 
Group 3: 0 0 

0 0 
Group 2: 1 2 

3 3 
1 2 

08-6033      Group 1: 2 1 3 
Group 2: 0 

0
Grou

09-6023      Group 1: 0 0 0 
Group 2: 1 0 1 

Group 4: 1 0 1 
09-6030      Group 1: 0 0 0 
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Study Spleen Other Total 
Group 2: 1 1 2 

09-6040      Group 1: 0 1 1 
Group 2: 0 1 1 
Group 3: 0 0 0 

3 
1 

p 6: 0
1-6  

G 2 0
0 1 

G 2 1 2
 Animals 675 675 675 

s 20 (3.0%) 14 (2.1%) 34 (5.0%) 

%) 34 (4.9%) 

Group 4: 2 1 
Group 5: 1 0 
Grou  0 0 

1 023      Group 1: 0 0 0 
roup : 3  3 

11-6031      Group 1: 1 
1 roup :   

№
Total № neoplasm
Range 0-12% 0-12% 0-16% 
10-6013      Group 1: 0 0 0 

Group 2: 0 0 0 
HD (Group 6): 1 (4%) 3 (12%) 4 (16%) 

№ Animals 700 700 700 
Total № neoplasms 20 (2.9%) 14 (2.0

 
Study title:  2-Year oral carcinogenicity study in rats with a toxicokinetic evaluation 

Study no.: TT096025 
Study report location: EDR 

Conducting laboratory and location: Laboratoires Merck Sharp  Dohme-Chibret 
Merck Research Laboratories 
Route de Marsat, Riom, 
63963 Clermont-Ferrand Cedex 9 

Date of study in July 16, 2009
P complia e: Yes 
QA statement: Yes (Dated: Nov 29, 2009) 

Drug, lot #, and % purity: MK-4305 (L-001958419), Lots L-001958419-
010J006 and L-001958419-010J005, from 
L-001958419-004N009, 99.6% 

 concurre e: Yes on June 16, 2009 
 

tions

France 
itiation:  

GL nc

CAC nc

Protocol recommenda  
The protocol for the rat study was submitted to IND 101,847 on May 11, 2009 and was 

 CAC on June 16, 2009.  The Exec CAC concurred with the 
Sponsor's proposed doses for M but disagreed with the Sponsor's proposed doses for 

ommend oral doses of 0, 0, 80, 160, and 325 mg/kg/day for F 
and M.  The Sponsor selected er LD and MD in F sed on the results of a 30-day 
toxicity stud
 

reviewed by the Exec

F.  The Committee rec ed 
low  ba

y in rats. 
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Key Study Findings 
 There was no effect on mortality in MK-4305 treated groups in either F or M. 

ean bod eight gain was observed in HD F and HD M in 
Week

 The i  of thyroid llicular cell adenomas and combined adenomas and 
carci re significa ly increased in HD F, MD M, and HD M. 

 The incidence of hepatocellular adenomas and combined adenomas and 
carci s significa  increased in HD M

histopathological findings include liver hepatocellular 
hypertrophy, eosinophilic cellular alteration, cystic degeneration and Kupffer cell 

hyroid gla  follicular cell hypertrophy and hyperplasia, retinal 
atrophy, and chronic progressive nephropathy in the kidney. 

genic
carcinogenicity study  to be adequa

Appropriateness of Test Models 
The ra iate mo st for carcino over a 2-year period.  In rat 

etic and toxicolog dies, the major circulating metabolite observed in 
erved ately 3-fold the expected human exposure. 

In F and M, thyroid follicu combined adenomas and carcinomas 
were significantly increased at the HD and in MD M. HD M had a significantly increased 

a s.  A 
significant decrease in mammary glan noma and adrenal 
gland adenoma was noted in HD F. 
 

 Decrease in m y w
 102. 
ncidences  fo
nomas we nt

nomas wa ntly . 
 Non-neoplastic 

pigmentation, t nd

 
Adequacy of Carcino ity Study 
The rat appears te.   
 

t is an appropr del to te genicity 
pharmacokin y stu
humans (M9) was obs  at approxim
 
Evaluation of Tumor Findings 

lar cell adenomas and 

incidence of hepatocellular adenom s and combined adenomas and carcinoma
d adenocarcinoma and fibroade
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Table of mortality incidences before terminal sacrifice in Week 104 (Sponsor’s) 

 

med on Main study animals through Week 104.  From

 
Clinical Signs 
Weekly observations were perfor  
Week 26 on, Main study animals were palpated for masses every 4 weeks through 
Week 104. 
 
Clinical sign l
increase in convulsive-like activit served at the HD (6 and 4) compared to control 
animals (3 and 3, total in the 2 groups) in F and M, respectively.  A dose-dependent 
increase in n
 
Body Weights 

c  
 

 
A decre t ht 
gain decreasing from about Week 18 on in
urviving anima e  for F and 27% for M compared to controls. 

s appeared genera ly comparable across all groups, but there was an 
y ob

 skin and fur staining i  both F and M was observed. 

Body weights were recorded on
first 14 weeks, then once every 4

e during pre-treatment and then once a week for the
weeks until Week 102. 

ith mean body weigase in mean body weigh  gain was observed at the HD w
 F (4%) and in M (6%); decreases in 

s ls in Week 102 w re 19%
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MALE 

 
 
Gross Pathology 
Complete necropsies were performed on all rats sacrificed prior to or at termination. 
 
At necropsy, the thyroid was increased in size in HD F (4) and M (10); the liver was 
increased in size in HD F (11) and at all doses in M (11, 21, and 27) and had a 
prominent lobular pattern in HD F (11) and at all doses in M (16, 19, and 14); lung had 
foci in HD F (30); the seminal vesicle was decreased in size in HD M (14). 
 
Histopathology 
The tissues listed in the table below were taken from all animals, fixed in 10% neutral 
buffered formalin, and stained with hematoxylin and eosin.  Testes and epididymides 
were fixed in modified Davidson’s solution unless the M was found dead. In those M, 
testes and epididymides were fixed in 10% neutral buffered formalin.  Tissues with 
gross observations were also processed, stained, and examined microscopically, at the 
discretion of the pathologist. 
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Table of tissue for histological assessment (Sponsor’s) 
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MALE (mg/kg/day) 

Tissue Finding 0 0 80 160 325 
moderate:

Follicular cell hyperpla
very

te:
Follicular cell hypertrop

very

m

0 [0] 0 [0]  0 [1] 0 [0] 0 [0] 
sia 

 slight:
slight:

modera
hy 

 slight:
slight:

oderate:

 
0 [0] 
0 [0] 
0 [0]  

 
0 [0] 
0 [0]  
0 [0] 

 
0 [1] 
0 [1] 
0 [0]  

 
0 [0] 
0 [0]  
0 [0] 

 
0 [0] 
0 [1] 
0 [0]  

 
6 [5] 
0 [3]  
0 [0] 

 
0 [1] 
2 [1] 
2 [0]  

 
9 [6] 
0 [4]  
0 [0] 

 
2 [3] 
1 [1] 
0 [1] 

 
19 [14] 

7 [4] 
0 [1] 

Number of ani  s arenthesis ( ), number of a ls and obs ati
dead or early sacrificed animals are in  * in s som als h lyse e. 

 
Toxicokine
Blood samples were taken from 3 animals/ roup po ng  14 at 0.5, 
1, 2, 4, 8, and 24 hours post-dosing and Week 27 at 2 and 24 hours post-dose and 
plasma concentrations of MK-4305 and metabolite M9 were quantified. 
 
The Sponsor stated that all M nd conc tion plasm om ol 
animals were below the lower li n n.  In ek 14 sma sur x 

C0-2 as n r s 
approximately dose-proportional between the LD and MD and greater than 
dose-proportional between MD and HD.  Plasma exposure to metabolite M9 was less 
than dose-proportional in both   T asm osure (AUC0-  M 5 
measured in humans at the Sponsor’s proposed recommended human dose of 
MK-4305 (40 mg) was 10.64 µM*h on Day 14 (Cli e 
concentration of MK-4305 meas in  pla at urs dos s 
approximately dose-proportiona F and M and the conc tion 9 w ss 
than dose-proportional.  The hig sm pos AUC to M eas in 

at commende n o 0 m s 
*h l ). e s s

M9 was 33.1 and 49.8 µM*h in F an res vely, h giv n ap ate ld 
safety margin. 
 

mals at the end of the tudy are in p
 brackets [ ];

n a
ad auto

im erv
d tissu

ons from 
dicate e anim

tics 
sex/g /time in it dur Week

K-4305 a
m

 M9 entra s in a fr contr
it of qua titatio  We , pla  expo e (Cma

and AU 4h) to MK-4305 in F w less tha  dose-p oportional and in M wa

F and M. he pl a exp 24h) to K-430

nical trial p003).  In Week 27, th
ured  the sma 2 ho post- e wa

l in both entra  of M as le
hest pla a ex ure ( 0-24h) 9 m ured 

humans 
11.52 µM

the proposed re
on Day 3 (Clinica

d huma
 e

 dose 
k la

f MK-43
m o

5 (40 
ure in HD rats to 

g) wa
trial p003  In W 14, p a exp

d M, pecti  whic es a proxim  3-fo
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Tables of toxicokinetic parameters for MK-4305 (Sponsor’s) 

  
 
Tables of toxicokinetic parameters for M9 (Sponsor’s) 

  
 
Overall summary 
The rat carcinogenicity study appears to be adequate.  Selected doses of MK-4305 
produced no increase in mortality compared to controls; treatment of F and M rats at 
25 mg/kg/day3  caused no change in mortality (30% and 42%, respectively) compared to 

control animals (39% and 46%, respectively).  Few clinical signs were noted, although a 
slight increase in the incidence of convulsions was observed at the HD. 
 
Few neoplastic changes were reported.  A decreased incidence of neoplastic mammary 
and adrenal gland findings in F was observed.  However, the reason for the decrease is 
unknown.  An increased incidence of thyroid follicular cell adenomas and carcinomas, 
and hepatocellular adenomas and carcinomas was noted.  The Sponsor concluded that 
“These changes in the liver and the thyroid gland are considered to be secondary to the 
MK-4305-induced hepatic enzyme induction and would not be expected to produce any 
increased risk of tumors in humans”.  Induction of the gene expression of liver enzymes, 
large increases in TSH, and a decrease in T4 have been reported in a toxicology study 
(TT11020) giving credence to this conclusion. 
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Liver hepatocellular hypertrophy, eosinophilic cellular alteration, cystic degeneration, 
and Kupffer cell pigmentation, thyroid gland follicular cell hypertrophy and hyperplasia, 
and retinal atrophy were observed in all treated groups and increased in incidence and 
severity with increase in dose.  The changes in the liver and thyroid are most likely due 
to induction of liver enzymes, as reported in study № TT111020, although no assays 
were performed to confirm this in the present study.  Retinal atrophy has not previously 
been reported in other toxicology studies. 
 
Plasma exposures (AUC0-24h) to MK4305 and M9 measured in humans at the Sponsor’s 
proposed recommended human dose of MK-4305 (40 mg) were 10.64 µM*h (Day 14) 
and 11.52 µM*h (Day 3), respectively.  In Week 14, plasma exposure in HD rats to 
MK-4305 was 539 and 335 µM*h in F and M, respectively, and to M9 was 33.1 and 
49.8 µM*h in F and M, respectively, which gives an approximate 40-fold and 3-fold 
safety margin for MK-4305 and M9, respectively. 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

Study title:  MK-4305:  Oral fertility study in female and male rats 
Study no.: TT087340 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories 

West Point,  
Pennsylvania 19486  
U.S.A. 

Date of study initiation: June 12, 2008 
GLP compliance: Yes (US; 21 CFR 58, November 10, 2008) 

gestation), and 

 

QA statement: Yes (Dated: November 7, 2008) 
Drug, lot #, and % purity: MK-4305, Lot L-001958419-004N005, 99.0% by 

HPLC 
 
Key Study Findings 

 Body weight gain was decreased in F at all doses (during 
increased in M. 

 Food consumption was decreased in HD F. 
 Resorptions/implants were increased in LD, MD, and HD F, corpora lutea/dam 

and implants/dam were decreased at the HD, and percent of pre-implantation 
loss was increased in HD F and in untreated F mated with HD M. 

 The Sponsor stated, “the no-observed effect level for female fertility parameters 
and general toxicity parameters in rats was 75 mg/kg/day. The no-observed 
effect level for male fertility parameters and general toxicity parameters in rats 
was ≥1200 mg/kg/day.”  The NOAELs appear appropriate. 
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In HD F, mean food consumption was decreased by 44% and 13% on Day 5 of 
 and GD 5, respectively.  Food consumption in M was not reported. 

 
Gross findings 
Between GDs 15-17, F were sacrificed and thoracic and abdominal viscera examined 
macroscopically.  M were sacrificed in Week 7 and thoracic and abdominal viscera 
examined macroscopically and testis weights taken. 
 
No change in testis weight was observed. 
  
Histopathology 
Testes and epididymis were fixed in modified Davidson’s solution, but as no effect on 
reproductive parameters was observed, the tissues were not evaluated microscopically. 
 
Fertility Parameters 
Sperm motility was determined in sperm taken from the mid region of the vas deferens 
of each M and sperm head quantitation was determined in sperm taken from the left 
caudal epididymis of control and HD M.  The uterus was removed at necropsy and the 
number of corpora lutea, implantations, viable and dead embryos, and resorptions 

corded. 

 corpora lutea/dam in HD F (10%), increase in percent 
of peri-implantation loss in HD F (152%) and in untreated F mated with HD M (136%), 
decrease in implants/dam in HD F (15%), increase in resorptions/implants in LD, MD, 
and HD F (137%, 63%, and 117%, respectively) resulted in a decrease in live births, but 
resulted in a decrease in live fetuses/preganant F only in HD F.  The Sponsor attributed 
the decrease in implants/dam seen in HD F to the decrease in corpora lutea (336 for 
control F, 303 for HD F), however, the number of corpora lutea that did not result in 
implants were 9 for control F and 23 for HD F suggesting a greater implantation loss in 
MK-4305 treated F.  The Sponsor did not give an explanation why the sex of the fetuses 
was not determined.  There were no changes in sperm count or motility in HD M. 
 

pre-mating

re
 
Changes included a decrease in

141 

Reference ID: 3301135



NDA 204-569   Richard Siarey 
 

Table of cesarean section data (Sponsor’s) 

 
 
Table of sperm count and motility (Sponsor’s) 

 
  
Study title:  MK-4305:  Oral fertility study in female and male rats 

Study no.: TT107110 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories 
West Point,  
Pennsylvania 19486, 
U.S.A. 

Date of study initiation: June 24, 2010 
GLP compliance: Yes (US; 21 CFR 58, November 12, 2010) 

QA statement: Yes (Dated: November 11, 2010) 
Drug, lot #, and % purity: MK-4305, Lot L-001958419-010J006, 99.6% by 

HPLC 
 
Key Study Findings 

 Body weight gain was decreased in F (during gestation), and increased in M. 
 Food consumption was decreased in HD F. 
 Resorptions/implants were increased in LD, MD, and HD F, and untreated F 

mated with HD M, corpora lutea/dam and implants/dam were decreased at the 
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Body Weight 
Body weights were recorded prior to mating on Days 1, 4, 8, 11, and 15, during mating 

uring the pre-mating period, there was an initial decrease in mean body weight gain on 
reatment in HD F.  During GDs 0-15, a decrease in mean body weight gain of 

3%, 9%, and 13% oc the 
decrease was 30% after GD 8.   body 
weight ga  the LD and MD, respectively. 
 
Figure
FEMAL

on Days 22, 25, 29, and 32, on Days 36, 39, 43, 46, and 50 if not mated after 
cohabitation, and on GDs 0, 2, 4, 6, 8, 12, and 15 for treated F.  Body weights were 
recorded twice weekly from the start of study to Week 6 and once in Week 7 for treated 
M. 
 
D
Day 4 of t

curred in the LD, MD, and HD F, respectively; in HD F, 
In M, there was an 8% and 14% increase in mean

in over the treatment period in

 of body weights 
ES 
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MALES 

 
 
Food Consumption 
Food consumption was recorded in F, prior to mating between Days 1-5 and 8-12, and 
during gestation, between GD 1-5 and 8-12.  Feeder cups were examined for food 
remaining twice weekly prior to and after mating for treated M. 
 
In HD F, mean food consumption was decreased by 20%, 12%, and 20% on Days 5 
and 12 of pre-mating and GD 5, respectively.  Food consumption in M was not reported. 
 
Gross findings 
Between GDs 15-17, F were sacrificed and thoracic and abdominal viscera examined 
macroscopically from treated F.  M were sacrificed in Week 7 and thoracic and 
abdominal viscera examined macroscopically and testis weights taken. 

  
Histopathology 
Testes and epididymis were fixed in modified Davidson’s solution, but as no effect on 
reproductive parameters was observed, the tissues were not evaluated microscopically. 
 
Fertility Parameters 
Sperm motility was determined in sperm taken from the mid region of the left vas 
deferens of each M and sperm head quantitation was determined in sperm taken from 
the left caudal epididymis of control and HD M.  The uterus was removed in F at 
necropsy and the number of corpora lutea, implantations, viable and dead embryos, and 
resorptions recorded from pregnant F. 
 

 
No change in testis weight was observed. 
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Changes included a decrease in corpora lutea/dam at the HD (6%), increase in percent 
of peri-implantation loss in LD (96%) and HD (217%) F, and in untreated F mated with 
HD M (252%), decrease in implants/dam at the HD (13%), increase in 
resorptions/implants in LD, MD, and HD F (26%, 61%, and 129%) and in untreated F 
mated with HD M (142%).  The Sponsor did not give an explanation why the sex of the 
fetuses was not determined.  There were no changes in sperm count or motility in HD 
M. 
 
Table of cesarean section data (Sponsor’s) 

 
 

able of sperm count and motility (Sponsor’s) T
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9.2 Embryonic Fetal Development 

Study title:  MK-4305:  Exploratory oral developmental toxicity study in rats 
Study no: TT087195 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories, 

West Point, 
Pennsylvania, 

. 
Date of study initiation: April 30, 2008 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N005, 99.0% 
purity by HPLC 

 
Key Study Findings 

 HD dams were sacrificed early on GDs 18 and 19 due to decreased body 
weight/body weight gain and food consumption. 

 
Methods 

Doses: 0, 30, 300 (LMD), 600 (HMD), and 1200 mg/kg 
Frequency of dosing: Daily 

Dose volume: 5 ml/kg 
Route of administration: Oral (by gavage) 

Formulation/Vehicle:  
Species/Strain: Rat/Sprague-Dawley (Crl:CD) 

Weight: 200-226 g on GD 0 
Study design: MK-4305 was administered daily on GD 6-20 

 
Observations and results 
Mortality 
Observations were performed daily. 

he HD dams were sacrificed early on GDs 18 and 19, instead of the planned terminal 
sacrifice on GD 21, because of mean body weight loss from GD 6-8, decreased mean 
body weight gain from GD 12-18, and decreased mean food consumption on GD 8 and 
14. 
 
Clinical Signs 
Observations were performed once on GD 2 or 3 and daily during GDs 6-21. 
 
No MK-4305 related clinical signs were reported, but no data were submitted. 
 

U.S.A

Number/Sex/Group: 10 F/group 
Age: Approximately 10 weeks on GD 0 

 
T
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Bod Weight y 
Body weight recordings were taken on GDs 0, 6, 8, 10, 12, 14, 16, 18, 20, and 21. 

Decrease in mean body w o  GD 8 in LMD (13.5 g), HMD (24.8 g), 
and HD (22.6 g e dy weight gain in LMD and HMD dams was 

d 6% in HD dams 
between GDs 8 and 18 compared to c body weight gain. 
 
Figure of body weights 

 
eight was bserved on

) dams.  After GD 8 m an bo
similar to control dams.  Mean bo y weight gain decreased by 1

ontrol dams’ 

 
 
Food Consumption 
Food consumptio

n food consumption occurred in LMD (47%), HMD (59%), 
1%) dams.  The decrease in mean food consumption was still present on GD 

ms.  By GD 20, mean food consumption in HMD 
ams was similar to control dams; HD dams were sacrificed on GD 18 and 19. 

ssed.  The uterus was removed for assessment of pregnancy status and the 
umber of corpora lutea was counted and recorded as the total number/F.  Uterine 

counted and classified as a live fetus, dead fetus, or resorption.  
mined and 

iscera examined.   

here were no differences in numbers of corpora lutea, implantations, pre- and 
post-implantation loss, resorptions, and live fetuses.  There was a slight increase in the 

n recordings were taken during GDs 6-7, 12-13, and 18-19. 
 
On GD 8, decrease in mea
and HD (6
14 in HMD (14%) and HD (18%) da
d
 
Cesarean Section Data 
On GD 21, surviving dams were sacrificed; therefore, fetuses from HD dams were not 
asse
n
implants were 
Placental morphology was evaluated.  Fetuses were weighed, the sex deter
v
 
T
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F:M sex ratio in HMD dams.  No change in fetal weight was recorded.  No placental 
abnormalities were reported in any drug-treated group. 
 
Table of cesarean section data (Sponsor’s) 

 
 
Offspring (Malformations, Variations, etc.) 
External observations:  Omphalocele was observed in 1 fetus from the LMD group. 
 

able of external observations (Sponsor’s) T

 
 
Visceral findings:  A small liver was observed in 1 fetus from the LD group. 
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Table of visceral observations (Sponsor’s) 

 
 
Study title:  MK-4305:  Oral developmental toxicity study in rats with prenatal 
evaluation 

Study no: TT087190 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A. 

Date of study initiation: June 12, 2008 
GLP compliance: Yes 

QA statement: Yes (Dated: October 24, 2008) 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N005, 99.0% 

purity by HPLC 

 MD dams had an initial decrease in mean body weight gain and HD dams had an 

 Fetal weight was decreased in HD fetuses of both sexes. 
 Skeletal changes included hypoplastic ribs in MD and HD fetuses, increased 

cervical and supernumerary ribs in MD and HD fetuses, and an increase in 
incomplete ossification of the sternebra in LD and MD fetuses. 

 The Sponsor stated, “the no-observed effect level for maternal and 
developmental toxicity was 30 mg/kg/day and 150 mg/kg/day, respectively.”  The 
maternal NOAEL does not appear appropriate as only HD dams had body weight 
losses.  Therefore, the NOAEL for maternal toxicity is 150 mg/kg/day. 

 

 
Key Study Findings 

initial body weight loss. 
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Methods 
Doses: 0, 30, 150, and 1000 mg/kg 

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

Route of administration: Oral (by gavage) 
Formulation/Vehicle:  

Species/Strain: Rat/Sprague-Dawley (Crl:CD) 
Number/Sex/Group: 

Main Study 
For TK 
Spares 

 
20 F/group 
3 F for control and 6 F/treatment group 
1 F for control and 2 F/treatment group 

Weight: 200-247 g on GD 0 
Study des 4 ministered daily on GDs 6-20 

 
m

Mortality 
Observations were performed daily. 
 
No unschedu a
 
Clinical Signs 
Observatio n
 

o MK-4305 related clinical signs were observed, but no data were submitted. 

 6, 8, 10, 12, 14, 16, 18, 20, and 21. 

ody weight gain 

Age: Approximately 10 weeks on GD 0 

ign: MK- 305 was ad

Observations and results for F0 Da s 

led deaths occurred in d ms. 

ns were performed once o  GDs 1, 2, 3, or 4 and daily during GDs 5-20. 

N
 
Body Weight 
Body weight recordings were on GDs 0,
 
A 50% decrease in mean body weight gain was observed on GD 8 in MD dams and a 
10 g decrease in mean body weight was observed in HD dams.  After GD 8, mean body 
weight gain in MD dams was similar to control dams.  Mean b
decreased by 13% in HD dams between GDs 8 and 21 compared to body weight gain in 
control dams.  Between GDs 10 and 21, body weight in control and HD dams increased 
by 121 g and 112 g, respectively; that is a 7% decrease in HD dams compared to 
control dams. 
 

151 

Reference ID: 3301135

(b) (4)



NDA 204-569   Richard Siarey 
 

Figure of body weights 

 
 
Food Consumption 

on measurements were taken over a 2-day period on GDs 7-8, 13-14, 

creases 
ere 20% and 48% on GDs 7-8, 9% and 26% on GDs 13-14, and 4% and 18% on GDs 

d HD dams, respectively. 

ecropsy 

ams were sacrificed.  The uterus was removed for assessment of 
regnancy status and the number of corpora lutea were counted and recorded as the 

total number/F.  Uterine implants were counted and classified as a live fetus, dead 
fetus, or resorption.  Placental morphology was evaluated macroscopically.  Fetuses 
were weighed, the sex determined, and external examinations conducted.  The viscera 
of one-half of the fetuses in each litter were examined.  The heads from the remaining 
fetuses and externally malformed fetuses were removed, fixed in modified Davidson's 
solution, and examined after free-hand coronal sectioning.  All fetuses were fixed in 
ethanol, cleared in KOH, and stained with alizarin red. 
 
There were no differences in numbers of corpora lutea/dam, implantations/dam, and 
percent peri-implantation loss.  Post-implantation loss and resorptions were increased in 

Food consumpti
and 19-20. 
 
Decrease in mean food consumption occurred in dams at the MD and HD.  De
w
19-20 in MD an
 
N
On GD 21, dams were sacrificed and the thoracic and abdominal cavities examined 
macroscopically. 
 
No gross changes were observed in the dams, but no data were submitted. 
 
Cesarean Section Data 
On GD 21, d
p
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dams at the MD and HD, but the number of live fetuses/dam was similar.  There was a 
slight decrease in the F:M sex ratio in HD dams and fetal weight was decreased in MD 
(3% and 4%; F and M, respectively) and HD (10% and 10%; F and M, respectively) 
fetuses.  No placental abnormalities were reported in any drug-treated group. 
 
Table of cesarean section data (Sponsor’s) 

 
 

ffspring (Malformations, Variations, eO tc.) 
servations:External ob   There were no external variations or malformations observed in 

bservations (Sponsor’s) 

any fetus.  
 

able of external oT

 
 
Visceral findings:  The malformations of persistent truncus arteriosus and ventricular 
septal defect were observed in a single LD fetus, ventricular septal defect was observed 
in 1 MD fetus and anophthalmia was observed in a different MD fetus. 
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Table of visceral observations (Sponsor’s) 

 
 
Table of coronal observations (Sponsor’s) 

 
 
Skeletal findings:  Hypoplastic rib, a malformation, was observed in 4 MD fetuses from 2 
different litters and 1 HD fetus.  There was an increase in variations in MD (19) and HD 

ber of litters (9 and 8, respectively) compared to control
 due to increases in cervical and 

(20) fetuses, but in a similar num
o

 
bservations (8 litters).  The increase in variations was

supernumerary ribs.  An increase in incomplete ossification of the sternebra was 
observed in fetuses at the LD and MD. 
 
Table of skeletal observations (Sponsor’s) 
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Toxicokinetics 
Blood samples were taken on GD 15 at 0.5, 1, 2, 4, 8, and 24 hours post-dose from 
treated animals and at 0.5, 2, and 24 hours post-dose from control animals. 
 

crease in plasma exposure (Cmax and AUC) was greater than dose-proportion In
between the LD and MD but less than dose-proportional between the MD and HD. 
 
Table of MK4305 toxicokinetic parameters following MK-4305 administration (Sponsor’s) 
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Study title:  MK-4305:  Oral developmental toxicity study in rats with prenatal 
evaluation 

Study no: TT107100 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A. 

Date of study initiation: June 30, 2010 
GLP compliance: Yes 

QA statement: Yes (Dated: December 7, 2010) 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-010J006, 99.6% 

purity by HPLC 
 
Key Study Findings 

 One HD dam was found laterally recumbent and was sacrificed. 
 A decrease in mean body weight gain was observed in HD dams. 

tively.”  The 

 Fetal weight was decreased in HD fetuses of both sexes. 
 The Sponsor stated, “the no-observed effect levels for maternal and 

developmental toxicity were 30 mg/kg/day and 80 mg/kg/day, respec
maternal NOAEL does not appear appropriate as only HD dams showed signs of 
toxicity such as abnormal respiratory, recumbency, and body weight loss.  
Therefore, the NOAEL for maternal toxicity is 80 mg/kg/day. 
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HD dams increased by 128 g and 107 g, respectively; that is a 16% decrease in HD 
dams compared to con
 
Figure of body w

trol dams. 

eights 

 
 
Food Consumption 

pically. 

ams were sacrificed on GD 21.  The uterus was removed for assessment of 
us and the number of corpora lutea was counted and recorded as the 

etus, dead 
tus, or resorption.  Placental morphology was evaluated macroscopically.  Fetuses 

Food consumption measurements were taken over a 2-day period on GDs 7-8, 13-14, 
and 19-20. 
 
Decrease in mean food consumption occurred in HD dams.  The decrease was 35% on 
GDs 7-8, 21% on GDs 13-14, 17% on GDs 19-20. 
 
Necropsy 
On GD 21, dams were sacrificed and the thoracic and abdominal cavities examined 
macrosco
 
There was an increase in the size of the liver in MD (5 of 20) and HD (7 of 18) dams, 
but no data were submitted. 
 
Cesarean Section Data 
D
pregnancy stat
total number/F.  Uterine implants were counted and classified as a live f
fe
were weighed, the sex determined, and external examinations conducted.  The viscera 
of one-half of the fetuses in each litter were examined.  The heads from the remaining 
fetuses were removed, fixed in Modified Davidson's solution, and examined by coronal 
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sectioning.  All externally malformed fetuses and fetuses examined for visceral 
abnormalities were subsequently examined for skeletal abnormalities using alizarin red 

 bone staining technique 

There were no differences in numbers of corpora lutea/dam, implantations/dam, and 
F:M sex ratio.  Increases in peri- (100%, 26%, and 110%) and post-implantation loss 
(113%, 182%, and 106%) and resorptions (125%, 175%, and 100%) were observed in 
LD, MD, and HD dams, respectively, but the number of live fetuses/dam was similar.  
Fetal weight was slightly decreased in LD (4% and 3% in F and M, respectively), MD 
(3% and 2% in F and M, respectively), and HD (12% and 11% in F and M, respectively) 
fetuses.  Abnormal placentas were reported in 1 control and 3 HD dams.  The Sponsor 
did not consider the peri- and post-implantation loss related to MK-4305 “due to a lack 
of dose response and the fact that the litter mean value at 325 mg/kg/day was largely 
due to 1 female with peri-implantation loss of 66.7%”. 
 
Table of cesarean section data (Sponsor’s) 

S
 

 
 
Offspring (Malformations, Variations, etc.) 

xternal observations:E   There was one observation of polydactyly at the MD; otherwise, 
riations or malformations observed.  there were no external va
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Table of external observations (Sponsor’s) 

 
 
Visceral findings:  There was 1 malformation in a HD fetus (hydrocephalus) and a few 
variations; azygos vein in 1 LD fetus, a discolored liver in 1 LD fetus, and innominate 
ariation in 1 HD fetus. 

Table of visceral observations (Sponsor’s) 

v
 

 
 
Table of coronal observations (Sponsor’s) 

 
 
Skeletal findings:  A few malformations of the vertebra and ribs were observed in all 
groups.  There was no drug-related increase in variations, with more occurring in the 
control. 
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Table of skeletal observations (Sponsor’s) 

 
 

 
 
Toxicokinetics 
Blood sa

eated a
mples were taken on GD 15 at 0.5, 1, 2, 4, 8, and 24 hours post-dose from 
nimals and at 0.5, 2, and 8 hours post-dose from control animals. 

Increase in plasma exposure (Cmax and AUC) of MK-4305 was approximately 
dose-proportional between the LD and MD, but less than dose-proportional between the 
MD and HD.  Increase in plasma exposure (Cmax and AUC) of the metabolite M9 
(L-002015883) was less than dose-proportional. 
 

tr
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Table of MK4305 and L-002015883 toxicokinetic parameters following MK-4305 
administration (Sponsor’s) 

 
 
Study title:  MK-4305:  Exploratory oral single-dose toxicokinetic study in nonpregnant 
rabbits 

Study no: TT087147 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 
Pennsylvania, 
U.S.A. 

Date of study initiation: April 10, 2008 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N004, 97.8% 

purity by HPLC 
 
Key Study Findings 

 Increase in plasma exposure to MK-4305 was generally greater than 
dose-proportional. 

 
Methods 

Doses: 10, 30, 100, 300, and 1000 mg/kg 
Frequency of dosing: Single dose 

Dose volume: 5 ml/kg 
Route of administration: Oral (by gavage) 

Formulation/Vehicle:  
Species/Strain: Rabbit/Dutch Belted 

Number/Sex/Group: 3 F/group 
Age: Approximately 32 weeks 

Weight: 1907-2282 g 
 

bservations and results O
Mortality 
Observations were performed daily. 
 
No unscheduled deaths occurred in dams. 
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Body Weight 
Body weight recordings were taken on day of dosing. 
 
Body weights were recorded for dose administration purposes only. 
 
Toxicokinetics 
Blood samples were taken at 0.5, 1, 2, 4, 8, and 24 hours post-dose. 
 
Increase in plasma exposure (Cmax and AUC) was generally greater than 

ween the lower doses but was less than dose-proportional 
 

Table of MK430 t g MK-4305 administration (Sponsor’s) 

dose-proportional bet
between 300 and 1000 mg/kg.  Tmax occurred later as the dose increased, particularly at
300 and 1000 mg/kg. 
 

5 toxicokinetic parame ers followin

 
 
Study title: a
rabbits 

Study no: TT107097 
eport location: EDR 

West Point, 
Pennsylvania, 
U.S.A. 

Date of st t
n

 
t № L-001958419-010J006, 

HPLC 
 
Key Study

 Increase in plasm o etabolite M9 was generally 
greater than dos t er doses. 

 MK-4305:  Exploratory or l single-dose toxicokinetic study in nonpregnant 

Study r
Conducting laboratory and location: Merck Research Laboratories, 

udy initia ion: May 21, 2010 
GLP complia ce: No 

QA statement: No
Drug, lot #, and % purity: MK-4305, Lo

99.59% purity by 

 Findings 
a exp sure to MK-4305 and m

e-propor ional at the low
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Table of M9 (L-002015883) toxicokinetic parameters following MK-4305 administration 
(Sponsor’s) 

 
 
Stu

Study
t

Conductin t k Research Laboratories, 
oint, 
vania, 

U.S.A. 
itiation: April 24, 2008 

GLP compliance: No 
No 

Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N005, 99.0% 
 by HPLC 

dings 
due to excessive body weight loss 

and aborted material found in the cage pan, respectively. 
 8-11 in HMD and 

HD dams. 
s, there were slight decreases in numbers of corpora lutea/dam and 

 loss.  Two HMD 
litters had dead fetuses with all lost in one, and 1 HD dam aborted.  Mean fetal 

al NOAEL was also the LMD, as there 
was a decrease in fetal weight at the HMD and HD. 

dy title:  MK-4305:  Exploratory oral developmental toxicity study in rabbits 
 no: TT087205 

Study report loca ion: EDR 
g laboratory and loca ion: Merc

West P
Pennsyl

Date of study in

QA statement:

purity
 
Key Study Fin

 One HMD and 1 HD dam were sacrificed early 

 A decrease in mean body weight was observed between GD

 In HD dam
implantations/dam, and a slight increase in peri-implantation

weights were dose-dependently decreased in both sexes. 
 External and visceral malformations were observed in litters from all groups.  In 1 

HMD litter, all fetuses had an external malformation and the dead fetus had 
several malformations. 

 Due to body weight loss in HMD and HD dams, the maternal NOAEL was the 
LMD (100 mg/kg/day).  The development
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Methods 
Doses: 0, 30, 100 (LDM), 300 (HMD), and 1000 mg/kg 

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

Route of administration: Oral (by gavage) 
Formulation/Vehicle:  

Species/Strain: Rabbit/Dutch Belted 
Number/Sex/Group: 10 F/group 

Age: Approximately 24 weeks on GD 0 

Study des 4 ministered daily on GDs 7-20. 
 

m
Mortality 
Observations were performed daily. 
 
One HMD da o se of excessive body weight loss 
from GD 7-15 and c d on GD 19 after aborted material was found 
in the cage pan.  Th n nsider these treatment related, “These early 
deaths wer n
these changes occasionally are obser bits in this laboratory.” 

Sponsor was uncertain whether the dams 

ght gain was decreased only 
 HD dams (48%) compared to control dams. 

 

Weight: 1747-2198 g on GD 0 
ign: MK- 305 was ad

Observations and results for F0 Da s 

m was sacrificed early n GD 15 becau
1 HD dam was sa rifice

e Sponsor did ot co
e not considered treatme t-related due to their isolated nature, and since 

ved in control rab
 
Clinical Signs 
Observations were performed once on GD 0 or 1 and daily through GD 28. 
 
Reported clinical signs included blood in the cage pan (GD 12-18) of 3 HD dams; the 
dams were classified as not pregnant.  The 
had aborted, as no aborted tissue was observed.  However, there was blood observed 
in the cage pan for 2-5 days, which is often a sign of abortion, unfortunately no data 
were submitted. 
 
Body Weight 
Body weight recordings were taken on GDs 0, 7, 9, 11, 13, 15, 17, 19, 21, 24, and 28. 
 
Decrease in mean body weight was observed between GD 8-11 in HMD (68 g) and HD 
(118 g) dams.  After GD 11, mean body weight gain in HMD and HD dams was similar 
to or greater than control dams, so that on GD 28 body wei
in
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Figure of body weights 

 
 
Food Consumption 
Food consumption recordings were measured over 24 hours starting on GDs 4, 7, 12, 

6, 20, 24, and 27. 1
 
On GD 8, decrease in mean food consumption occurred in HMD (24%) an

ams.  Otherwise, food consumption was similar among the groups, with
d HD (68%) 
 mean food 

 and the number of corpora lutea was counted and recorded as the 
.  Uterine implants were counted and classified as a live fetus, dead 

s 

tion loss in HMD dams, due to 8 dead 
tuses in 2 litters.  One HD dam aborted, resulting in a decrease in live fetuses/dam. 

Mean fetal weights were dose-dependently decreased in F by 4%, 8%, 9%, and 16% 
and M by 0%, 3%, 8%, and 9% at the LD, LMD, HMD, and HD, respectively.  The 
Sponsor did not consider the 7 dead fetuses in a HMD litter related to MK-4305 “due to 
its isolated nature and no similar findings in the 1000-mg/kg/day group”. 
 

d
consumption of 82.7, 83.7, 81.7, 79.1 and 71.0 g/day in control, LD, LMD, HMD, and 
HD dams, respectively. 
 
Cesarean Section Data 
Dams were sacrificed on GD 28.  The uterus was removed for assessment of 
regnancy statusp

total number/F
fetus, or resorption.  Placental morphology was evaluated macroscopically.  Fetuse

ere weighed, the sex determined, and viscera examined.   w
 
There were slight decreases in numbers of corpora lutea/dam, implantations/dam, and 
F:M sex ratio in HD dams, 13%, 16%, and 17% respectively.  There was a slight 
increase in peri-implantation loss (10%, 33%, and 41%, in LD, LMD, and HD dams, 
espectively) and an increase in post-implantar

fe

167 

Reference ID: 3301135





NDA 204-569   Richard Siarey 
 

 
 
Visceral findings:  There were several malformations (absent, small, and 
supernumerary) associated with the gallbladder, these included 3 in control fetuses, 5 in
LD fetuses, 7 in LMD, and 2 in HD fetuses. The dead fetuses from the HMD litter had 
several malformations that included cardiomegaly, ventricular septal defect, and 

ersistent truncus arteriosus. 

 

p
 
Table of visceral observations (Sponsor’s) 
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Study title:  MK-4305:  Oral developmental toxicity study in rabbits 

Study no: TT087200 
Study report location: EDR 

Conducting laboratory and location: Merck Research Laboratories, 
West Point, 

sylvania, 
U.S.A. 

Date of study initiation: June 11, 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-004N005, 99.0% 

purity by LCAP 
 
Key Study Findings 

 One HD dam was sacrificed early on GD 15. 
 HD dams had an initial decrease in body weight gain. 
 Skeletal changes included an increase in incomplete ossification in fetuses at the 

HD. 
 Omphalocele was observed in 1 MD fetus, a vestigial tail in 1 HD fetus, and

palate dysplasis and thoracoschisis in 1 HD fetus. 
 The Sponsor stated, “the no-effect level for maternal toxicity was 100 mg/kg/day 

and the no-effect level of developmental toxicity was ≥300 mg/kg/day”.  This 
appears appropriate. 

 

Penn
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Methods 
Doses: 0, 40, 100, and 300 mg/kg 

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

Route of administration: Oral (by gavage) 
Formulation/Vehicle:  

Species/Strain: Rabbit/Dutch Belted 
Number/Sex/Group: 

Main Study 
For TK 
Spares 

 
18 F/group 
6 F/group (sacrificed on GD 15) 
2 F/group 

Age: Approximately 25-26 weeks on GD 0 
Weight: 1741-2374 g on GD 0 

Study design: MK-4305 was administered daily on GDs 7-20. 
Deviation from study protocol: A coronal examination was not conducted on the 

following fetuses: 
Control: #08-0834, Fetus 3 and #08-0849, Fetus 11 
LD: #08-0869, Fetuses 2 and 3 

 # tus 3 
 

Mortality 
Observations were performed daily. 
 
One HD dam  ssive weight loss (206 g between 
GDs 7 and 15). 
 
Clinical Si
Observations were performed daily from GD 1-2 through GD 28. 

ported to be unrelated to MK-4305 treatment; however, no data 

7, 9, 11, 13, 15, 17, 19, 21, 24, and 28. 

 the first 11 days in HD dams.  

MD: #08-0886, Fetus 6 
HD: 08-0927, Fe

Observations and results 

 was sacrificed on GD 15 due to exce

gns 

 
Clinical signs were re
were submitted. 
 
Body Weight 
Body weight recordings were on GDs 0, 
 
A 47 g decrease in mean body weight was observed over
After GD 11, mean body weight gain (297 g) increased by 19% between GDs 11 and 28 
in HD dams compared to that in control dams (250 g). 
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Figure of body weights (Sponsor’s) 

 
 

ood Consumption 
ments were taken over a 24-hour period on GDs 5, 8, 13, 

sed by 40% in HD dams on GD 8; otherwise, food 

rificed on GD 28 and the thoracic and abdominal cavities examined 

tion Data 
ea was 

ll fetuses were fixed in ethanol, 
h alizarin red for skeletal examination.  One LD litter 

was aborted. 
 
There were no differences in numbers of corpora lutea/dam, implantations/dam, and 
percent peri-implantation loss at the HD.  Peri-implantation loss at the LD and MD was 
238% and 73%, respectively, compared to controls.  Post-implantation loss and 

F
Food consumption measure

, and 28. 17, 21, 25
 

ean food consumption was decreaM
consumption was similar among all groups. 
 

ecropsy N
Dams were sac
macroscopically. 
 
No gross changes were observed in MK-4305 treated dams.  In the control group, 
1 dam had a gross finding of a small spleen; however, no data were submitted.   
 
Cesarean Sec
The uterus was assessed for pregnancy status and the number of corpora lut
ounted and recorded as the total number/F.  Uterine implants were counted and c

classified as a live fetus, dead fetus, or resorption.  Placental morphology was 
evaluated macroscopically.  Fetuses were weighed, the sex determined, and external 
examinations conducted.  The heads of all fetuses in each litter were examined.  The 
iscera of live fetuses in each litter were examined.  Av

cleared in KOH, and stained wit

172 

Reference ID: 3301135



NDA 204-569   Richard Siarey 
 

resorptions were increased in dams at the LD, MD, and HD, but the number of live 
fetuses/dam was similar in MD and HD dams.  No placental abnormalities were 
reported in any drug-treated group. 
 
Table of cesarean section data (Sponsor’s) 

 

 
 
Offspring (Malformations, Variations, etc.) 

xternal observatiE ons:  Malformations were observed in 2 MD fetuses from 1 litter and 2 
HD fetuses from 2 litters. 
 

able of external observations (Sponsor’s) T

 
 
Visceral findings:  Malformations were observed at similar levels in all groups. 
 

173 

Reference ID: 3301135



NDA 204-569   Richard Siarey 
 

Table of visceral observations (Sponsor’s) 

 
 
Table of coronal observations (Sponsor’s) 

 
 
Skeletal findings:  Malformations were observed at similar levels in all groups.  An 
increase in incomplete ossification of the lumbar vertebra was observed in fetuses a
the HD, and all HD litters had fetuses with incomplete ossification of the torso and limb
ones. 

t 
 

b
 
Tables of skeletal observations (Sponsor’s) 
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Toxicokinetics 
Blood samples were taken on GD 15 at 0.5, 1, 2, 4, 8, and 24 hours post-dose.  In 
addition, the presence of metabolites M9, M12, and M17 were determined using an 
exploratory semiquantitative method in pooled samples from each MK-4305-treated 
group. 

able of MK4305 toxicokinetic parameters following MK-4305 administration (Sponsor’s) 

 
Increase in plasma exposure to MK-4305 and metabolites M9 and M12 was 
approximately dose-proportional.  Plasma exposure to metabolite M17 was very low but 
increased greater than dose-proportionally between the LD and MD. 
 
T

 
 
Table of metabolite toxicokinetic parameters following MK-4305 administration 
(Sponsor’s) 
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Study title:  MK-4305:  Oral developmental toxicity study in rabbits 
Study no: TT107090 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories, 

West Point, 
Pennsylvania, 
U.S.A. 

Date of study initiation: June 28, 2010 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-010J006, 99.6% 

purity by HPLC 
 
Key Study Findings 

 HD dams were sacrificed early between GD 11-15, with no developmental data 
generated. 

 MD dams had an initial decrease in mean body weight gain and HD dams had an
initial body weight loss. 

hanges included a dose-dependent increase in short 13th ribs and 

ental toxicity were 50 mg/kg/day and 150 mg/kg/day, respectively”.  

 

 Skeletal c
incomplete ossification in the metacarpal.  In addition, ectrodactyly 
(malformation) was observed in 2 MD fetuses from the same litter. 

 The Sponsor stated, “the no-observed effect levels for maternal and 
developm
This appears appropriate. 
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ood consumption measurements were taken over a 24-hour period on GDs 5, 8, 13, 

in HD dams by 47% on GD 8 and 81% on GD 13; 
therwise, food consumption was similar among all groups. 

 in LD and MD dams.  In HD dams, gross findings 
cluded multifocal areas of pale/white discoloration on the liver of 5 dams; however, no 

itted. 

esarean Section Data 

s were 
ssessed for pregnancy status and the number of corpora lutea was counted and 

 total number/F.  Uterine implants were counted and classified as a live 
etuses 

ere weighed, the sex determined, and external examinations conducted.  The heads 

Food Consumption 
F
17, 21, 25, and 28. 
 
Mean food consumption decreased 
o
 
Necropsy 
Dams were sacrificed on GD 28 and the thoracic and abdominal cavities examined 
macroscopically.  Due to excessive maternal toxicity, HD dams were sacrificed and 
examined between GD 12 and 15. 
 
No gross changes were observed
in
data were subm
 
C
Due to excessive maternal toxicity all HD F were euthanized between GDs 12-15 and 
examined prior to being discarded.  The uterus from control, LD, and MD dam
a
recorded as the
fetus or resorption.  Placental morphology was evaluated macroscopically.  F
w
of all fetuses in each litter were examined.  The viscera of live fetuses in each litter were 
examined.  All fetuses were fixed in ethanol, cleared in KOH, and stained with alizarin 
red for skeletal examination. 
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HD dams were sacrificed early and were discarded without any examination.  There 
were no differences in numbers of corpora lutea/dam and implantations/dam.  Percent 
post-implantation loss and resorptions were decreased in LD and MD dams, the 
decreases appear to be due to 3 control dams that had ≥50% resorptions/implants.  
Percent peri-implantation loss was dose-dependently increased by 111% and 145% in 
LD and MD dams, respectively, compared to controls, but the number of live 
fetuses/dam was similar to controls.  No placental abnormalities were reported in any 
drug-treated group. 
 
Table of cesarean section data (Sponsor’s) 

 
 
Offspring (Malformations, Variations, etc.) 
External observations:  The Sponsor states “
morphology malformation

There were no MK-4305-related external 
s or variations.  The external abnormalities were observed in 

only 1 or 2 fetuses and were unrelated to MK-4305 treatment”.  However, malformations 
were observed in 2 LD fetuses (one litter) and 2 MD fetuses (one litter).  
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Table of external observations (Sponsor’s) 

 
 
Visceral findings:  Incidences of malformations were similar in all groups. 
 
Table of visceral observations (Sponsor’s) 

 
 
Table of coronal observations (Sponsor’s) 

 
 
Skeletal findings:  Incidences of skeletal malformations were similar in control and MD 
fetuses. In contrast, there was a dose-dependent increase in variations, mainly due to 
an increase in short 13th rib, and a dose-dependent increase in incomplete ossification, 
mainly observed in the metacarpals. 
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Tables of skeletal observations (Sponsor’s) 

 

 
 
Toxicokinetics 
Blood samples were taken on GD 15 at 0.5, 1, 2, 4, 7, and 24 hours post-dose. 
 

crease in plasma exposure (Cmax and AUC) of MK-4305 was greater than 

etween the MD and HD. 

In
dose-proportional between the LD and MD and approximately dose-proportional 
between the MD and HD.  Increase in plasma exposure (Cmax and AUC) of the 
metabolite M9 (L-002015883) was greater than dose-proportional between the LD and 
MD and less than dose-proportional b
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Table of MK4305 and L-002015883 toxicokinetic parameters following MK-4305 
administration (Sponsor’s) 

MK-4305      L-002015883 

  
 

9.3 Prenatal and Postnatal Development 

Study title:  MK-4305: Oral pre- and postnatal development toxicity study in rats 
Study no: TT117220 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories, 

West Point, 
Pennsylvania, 
U.S.A. 

Date of study initiation: June 6, 2011 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: MK-4305, Lot № L-001958419-010J007, 

101.9% purity by HPLC 
 
Key Study Findings   

 In HD F0 dams, an initial (GD 6-8) decrease in mean body weight was observed 
resulting in a decrease in mean body weight gain during gestation (GD 6-21).  
During lactation, mean body weight gain was decreased between days 7-14. 

 In HD F1 pups, a decrease in mean body weight gain was observed on PNDs 7,
14, and 21. 

ing, a decrease in mean body weight gain (>8%) was observed in F1 F 

 Preputial separation occurred later in HD F  M than control F  M, by 1.2 days. 

 

 Post-wean
at all doses, until mating occurred in Week 12. 

1 1

 The Sponsor stated, “the no observed effect level for both F0 and F1 toxicity was 
80 mg/kg/day”.  The NOAEL appears appropriate for both generations. 
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Figure of F0 dam body weight (Sponsor’s) 

 
 
Food Consumption 

 
A decrease in food consumption
 

eproductive Performance and Observation of parturition 
ny sign of difficulty in parturition were noted. 

uctive performance or parturition. 

 
he uterus, thoracic, and abdominal cavities of each F was examined. 

0 dams; however, no data were 

bservations and Results for F1 Generation pre-weaning (PNDs 0-21) 

1  

Food consumption for F0 dams was measured on Days 7-8, 13-14, and 19-20. 

 (28%) was observed on GD 8 in HD F0 dams. 

R
The onset and completion of delivery and a
 
There were no MK-4305 related effects on reprod
 
Necropsy 
Necropsy occurred on Lactation Day 21 for F0 dams, except for 2 control dams that 
were sacrificed on GD 24 and Lactation Day 1 and 1 LD F that was sacrificed on GD 24. 
T
 
An increase in liver size was observed in 6 HD F
ubmitted. s

 
O
Mortality 
Observations for mortality were performed daily. 
 

n the day of birth (PND 0) there were 13, 8, 1, and 0 F  pup deaths in control, LD, MD,O
and HD, respectively.  The number of F1 pups deaths observed between PND 1-3 were 
7, 2, 5, and 1 in control, LD, MD, and HD, respectively.  No F1 pup deaths occurred 
between PNDs 4 and 21. 
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External examinations 
All F1 pups were examined for malformations and variations on PND 0.  The sex of F1 
pups was recorded and confirmed on PND 3, 7, 14, and 21. 
 
There were a few external malformations, mainly in control F1 pups, and no variations.  
Malformations in F1 pups from MK-4305 F0 dams included 1 LD F1 pup with kyphosis 
and 1 HD F1 pup with the tail absent.  The F1 pup sex ratio ranged from 0.51 to 0.54. 
 
Clinical Signs 
Observations for clinical signs were performed daily. 
 
The Sponsor reported that “There were no MK-4305-related physical signs in the F1 
pups during the preweaning period”; however, no data were submitted. 
 
Body Weight 
Body weight recordings for F1 animals were taken weekly on postnatal days (PNDs) 7, 

n  
(7% and 

 

tion.  While 
1 F weekly from 

d for mating were weighed on the first 

weaning.  There was no change in body weight gain of F1 M 
post-weaning or pregnant F1 dams. 
 

14, and 21. 
 
There was a decrease i  mean body weight gain in HD F1 pups at PND 7 (6% and 9%
for F and M, respectively), 14 (14% and 15% for F and M, respectively), and 21 
6% for F and M, respectively). 
 
Observations and Results for F1 Generation post-weaning 
On PND 21, 2 F  pups/sex/litter were retained, with remaining F1 1 pups sacrificed. 
 
Mortality 
Observations for mortality were performed daily. 
 
No unscheduled deaths occurred post-weaning.
 
Clinical Signs 
Observations for clinical signs were performed twice weekly. 
 
There were no physical signs related to MK-4305 treatment. 
 
Body Weight 
Body weights were recorded for F1 M weekly from weaning to termina
cohabiting, F1 M were not weighed.  Body weights were recorded for F
weaning to termination or cohabitation.  F1 F use
day of cohabitation and weekly after cohabitation, if not mated.  Body weights were 
recorded for mated F1 dams on GD 0, 7, and 15. 
 
An 8%, 9%, and 13% decrease in mean body weight gain was observed in LD, MD, and 
HD F1 F at Week 12 post-
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Figures of F1 animal body weight (Sponsor’s) 
FEMALE      MALE 

  
 
Figure of F1 mated dam body weight (Sponsor’s) 

 
 

hysical development P
Vaginal opening was assessed on F1 F from PND 28 until development or PND 38 and 

nt or until PND 54. 

g groups (33.6, 33.1, 33.2, 
ugh in 1 HD F1 F vaginal 

ot occurred by PND 38.  In HD F1 M, the mean day of preputial 

preputial was assessed in F1 M from PND 38 until developme
 
In F1 F, the mean day of vaginal opening was similar amon
nd 33.3 for control, LD, MD, and HD, respectively); althoa

opening had n
separation was later than controls (45.1) by 1.2 days; 3 HD F1 M preputial separation 
had not occurred by PND 54. 
 
Ophthalmoscopy 
Examinations of F1 control and HD animals were performed between PND 47 and 49. 
 
On PND 47, cornea opacity was observed in 5 HD F1 F compared to 2 control F1 F and 
lens opacity was observed in 7 HD F1 M compared with 2 control F1 M; otherwise no 
drug-related findings of note were observed. 
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Table of ophthalmic findings in F1 animals (Sponsor’s) 
FEMALE      MALE 

  
 
Behavioral assessment 
Tests were performed on 1 F and 1 M from each F1 litter, for passive avoidance on 
PNDs 35 and 36 and repeated on PNDs 42 and 43 (Session 2), for auditory startle on 
PNDs 63, 64, or 65, and motor activity on PNDs 71 or 72. 
 
Passive avoidance:  No changes in passive avoidance were observed in F1 pups from 
MK-4305 treated dams. 
 
Tables of F1 passive avoidance scores (Sponsor’s) 
FEMALES 

 
 
MALES 

 
 
Auditory startle:  No changes in the auditory startle response were observed in F1 pups 

om MK-4305 treated dams. 
 
fr
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vaginal plug.  GD 0 was designated as the day of positive identification of mating.  F1 
 sacrificed between GD 15 and 17.  The uterus was assessed for pregnancy 

status and the number of corpora lutea was counted and recorded as the total 
number/F.  Uterine implants were counted and classified as a live fetus, dead fetus, or 
resorption.  All fetuses and F1 animals not used for mating were sacrificed and 
discarded. 
 
There were no differences in numbers of corpora lutea/dam and implantations/dam.  
Increases in peri- (56%, 15%, and 44% in LD F1, HD F1/control F1 M, and control F1/HD 
F1 M, respectively) and post-implantation loss (83%, 44%, 44%, and 72% in LD F1, MD 
F1, HD F1/control F1 M, and control F1/HD M, respectively), and resorptions (171%, 
157%, 86%, and 143% in LD F1, MD F1, HD F1/control F1 M, and control F1/HD F1 M, 
respectively) were observed. 
 
Table of cesarean section data (Sponsor’s) 

dams were

 
 
Toxicokinetics 
Blood samples from control and HD F0 dams were taken on GD 15 at 0.5, 1, 2, 4, 8, and 
24 hours post-dose. 
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Observations and Results 
Mortality 

 
One F was sa e nical signs of decreased activity, impaired 

n s, decreased skin 
turgor, and urine staining. 
 
Clinical Signs 
Observations were performed daily. 
 
Clinical signs observed in F and M unsteady gait in 
several anim y aired righting reflex in 1 F.  
Salivation was obs 0 ted animals. 
 
Body Weig

ody weights were recorded pretreatment and once a week. 

Observations were performed daily. 

crificed on Day 3 du  to cli
righting reflex, lateral recumbency, u steady gait, partially closed eye

included decreased activity and 
als, lateral recumbenc  in 2 F, and imp

erved in all MK-43 5 trea

hts 
B
 
At the end of the study, body weight gain was increased in MK-4305 treated animals; 
25% in F and 8% in M. 
 
Figures of body weight changes (Sponsor’s) 

FEMALE      MALE 

  

 
 
Food Consumption 
Observation of food consumption was performed twice weekly.  Food consumption was 
considered uns
 
There was food remain sor stated that this was 
“secondary to the beha ing food”.  
After Day 2, satisfactory food t from 1 M 
on Day 27. 
 

atisfactory if any food was remaining. 

ing for 5 F on Day 2.  The Spon
vior and gait signs that prevented those animals access

consumption was recorded for all animals, apar
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Clinical Chemistry 
Blood samples were taken from all animals in Weeks 1 and 5.  The following 

and TSH. 

able of biochemical changes (Sponsor’s) 

parameters were assessed:  T3, T4, 
 
A decrease in T4 and large increase in TSH was observed in F and M (see table 
below).  No change in T3 was observed. 
 
T

 
 
Gross Pathology 
Gross pathology was assessed in surviving animals at study termination. 
 
Increase in the size of liver was observed in 9 F and 3 M treated with MK-4305. 
 
Organ Weights 
At necropsy, the brain, liver, and thyroids were weighed. 
 
An increase in liver and thyroid weight was observed. 
 
Table of organ weight changes (Sponsor’s) 

 
 
No microscopic examination of the liver and thyroid glands was conducted and plasma 
concentration of MK-4305 was not quantified. 
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Toxicokinetics of 13C-thyroxine 

 of C-thyroxine were quantitated. 

 MK-4305 treated group was approximately 
.3-fold lower than controls in M and could not be calculated in F (insufficient samples 

above the LLQ beyond 2 hours post-dose in 
F, indicating that plasma exposure was lower in MK-4305 treated F.  This is consistent 
with the plasma concentration of 13C-thyroxine at 1 hour post-dose (Cmax) in MK-4305 
treated F being approximately 2.3-fold lower than in control animals; the “Cmax of 
13C-thyroxine was 1.4-fold lower in MK-4305 treated M. 
 
Table of toxicokinetic parameters (Sponsor’s) 

Blood samples were taken on Day 29 at approximately 1, 2, 4, 8, and 24 hours 
post-13C-thyroxine dose.  Plasma concentrations 13

 
Mean plasma exposure (AUC0-24h) to 13C-thyroxine was similar in control F and M.  
Plasma exposure to 13C-thyroxine in the
2
above the LLQ).  There were no samples 

 
 
Gene expression 
RNA was isolated from liver samples collected at necropsy and the gene expression for 

 
Treatment with MK-4305 at 325 mg/kg/day induced Cyp1a1, Cyp2b1, Cyp2b2, 
Cyp3a18, Cyp3a1, Cyp3a11, and Cyp3a62 genes in F and M, the Cyp2a2 gene in F, 
and the Cyp26a1 gene in M.  Other genes with increased expression included Utgt1a1, 
Ces2, Gsta2, Gstm2, Me1, Sult1b1, and Yc2 in F and M, and Ugt1a6 and Gstp1 in F.  A 
decrease in gene expression was observed for Thrsp, Tat, Cyps 17a1, 26b1, 4a1, and 
7a1 genes in F and M, Cyp1a2, Cyp4a2, and Sult1b1 genes in F, and Cyp2c11 gene in 
M. 
 

48 ADME genes assessed. 
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Table of gene expression increases (>2-fold) by MK-4305 treatment (Sponsor’s) 
FEMALE  
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MALE 
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Table of gene expression decreases by MK-4305 treatment (Sponsor’s) 
FEMALE 

 
 
MALE 
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There was a body weight loss of 5.8 g in the HD animals over the course of MK-4305 
treatment. 
 
Figures of body weight changes (Sponsor’s) 

 
 
Dermal scoring 
Skin observations were perform sure and 
at 0.5, 1 and 4 hours post-UV t-UVR 
exposure. 

ved in any animal. 

als were performed pretreatment and for all 

ocal inferior retinopathy was observed in 3 of 5 rats (5 eyes), 4 of 5 rats (6 eyes), and 
es); corneal dystrophy was observed in 4 of 5 rats (7 eyes), 2 of 5 rats 

utral 
uffered formalin for possible histopathology examination. 

 Merck-designated peer review pathologist; Stephanie 
hite-Hunt, B.V.Sc., M.R.C.V.S., D.A.C.V.P. 

ed on the day of UVR exposure, pre-UVR expo
R exposure, and at least daily for 3 days pos

 
No skin reactions were obser
 
Ophthalmoscopy 
Opththalmological examinations of all anim
phototoxicity phase rats 3 days post-UVR exposure. 
 
F
3 of 5 rats (3 ey
(4 eyes), and 3 of 5 rats (6 eyes) in control, LD, and HD rats, respectively. 
 
Histopathology 
At necropsy, the eyes were prepared for histopathology examination and the skin with 
the UVR-exposed sites and surrounding unexposed skin was retained in 10% ne
b
 
Adequate Battery:  Yes. 
Peer Review:  Yes, by a
W
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Signed Pathology report:  Yes, by F. M. Poulet, D.V.M., Ph.D., D.A.C.V.P. (page 173). 
 
Histological Findings 

 
 
Toxicokinetics 
Blood samples were taken on Day 3 at approximately 1, 2, and 3 hours post-dose. 
 
Plasma exposure was dose-dependent and Tmax was at or less than 1 hour post-dose. 
 
Table of toxicokinetic parameters (Sponsor’s and Reviewer’s) 

No histopathological findings were observed.

  
Mean  2880 2517 2297  Mean  22900 18133 12667

 

10.6 Cataplexy 

Study title:  MK-4305: Five-week oral study in dogs to assess physical signs 
Study no.: TT111031 

Pennsylvania, 
U.S.A 

011 
GLP compliance: Yes 

QA statement: Yes 

 treated with 
this dog did not display similar signs 

Study report location: EDR 
Conducting laboratory and location: Merck Research Laboratories, 

West Point, 

Date of study initiation: March 1, 2

Drug, lot #, and % purity: MK-4305, Lot № L-001958419-010J007, 
101.9% 

 
Key Study Findings 

 Food, presented at approximately Tmax, triggered clinical signs of cataplexy, i.e., 
hindlimb buckling (lasting approx. 10 sec-1 min in duration), in 1 M
5 mg/kg MK-4305.  It should be noted that 
when treated with 30 mg/kg. 

 Food, presented at approximately Tmax, triggered clinical signs of cataplexy in 
1 M and 3 F treated with 30 mg/kg MK-4305. 
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Decreased activity was observed post-dose in the absence of food enrichment in 1 M 
and 4 F treated with g pected 
pharmac rred 
with food enrichment include  
recumbency lasting from 1-10 s  enrichment 
associated physical signs obs se at 30 mg/kg/day were considered 
consistent with t exy in dogs” 
 
Body Weights 
Body weights were recorded onc  during Weeks 1-4. 
 
There was no change in body w mpared to control animals. 
 
Food con
Food consumption was estimated daily. 
 
There was no change in f
 

oxicokinetics 
on Days 1 and 15 at approximately 0.5, 1, 2, 4, 8, and 

ost-dose. 

lasma AUC increase was approximately dose-proportional, but increase in Cmax was 
 at approximately 1 hour post-dose. 

netic parameters (Sponsor’s) 

 30 m /kg/day; this was considered due to the ex
ology.  In 1 M and 3 F treated with 30 mg/kg/day, signs observed that occu

d forelimb buckling, hindlimb buckling, and sternal
econds; the Sponsor stated that “The food
erved post-do

he presentation of catapl

e pretreatment and weekly

eight co

sumption 

ood consumption. 

T
Blood samples were taken 
24 hours p
 
P
less than dose-proportional.  Tmax was
 
Table of toxicoki
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Table of Group assignments (Sponsor’s) 

 
 
Observa
Morta
Observ
 
There were no uns a
 
Clinical Signs 
Observations were performed daily, with addit
performed prior to and immediat enrichment. 
 
Food enric

tions and Results 
lity 
ations were performed daily. 

cheduled de ths. 

ional observations for groups 1, 2, and 4 
ely following food 

hment:  For appro ately 14 days prior to treatment animals were 
acclimated to i ment at a time distinct from the presentation of the 
food ration.  Food enrichment c  a marshmallow, followed by peanut in shell, 
followed by a grape  enrichment at 
pproximately 3 hours post-dose. 

 
There were no MK-4305-related clinical signs observed at the time of food enrichment. 
 
Body Weights 
Body weights were recorded once pretreatment for Groups 1, 2, and 3 and on Day 7 for 
groups 1, 4, and 5) for dose calculation only. 
 
Toxicokinetics 
Blood samples were taken on Days 3 (groups 1, 2, and 3) and 9 (groups 1, 4, and 5) at 
approximately 0.5, 1, 2, 4, 7, and 24 hours post-dose. 
 

xim
receive food enr ch

onsisted of
.  During the study, animals received food

Food enrichment was provided at a time other than a
the routine feeding time. 
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MK-4305 b fter tion l b
moderate in rat and dogs.  Plasma clearance was 44.1 mL/min/kg in rats, 9.9 mL/min/kg 
in monke nd 4.0 mL/min/kg in dogs.  MK
(96-100%) but was low to RBCs (blood:plas ~0.6) in all cies teste he 

t  had a s istribution to RBCs in humans and the metabolites M9 and 
M17 also bound highly to plasma proteins. e distributio as extensive, with 
steady state Vd of 1.9 and 1.3 L/kg for rats and respectively
 
The biotr rmation -4305 is primaril xidation of chlorobenz zole 
moiety (M8), the triazo yl group (M9) and  diazapane m ty (M10) m  by 

A, with the C family contributing to the formation of M9 at high 
  Induction of CYPs 3A4, 1A2, and 2B6 by MK-4305 was 

demonstrated, with MK-4305 increasing the  levels of e CYPs in human 
hepatocyt  All of the bolites identified in  human hepatocytes and liver 

preparations were found in vitro in rats and dogs, although M17 was not 
rmed in the rat.  Further, the main in vivo human metabolites include M9 (37%), M12 

ualified in chronic toxicity 
s in , n and stud d 

carcinogenicity studies in mice and rat.  The m or metabolite 12 is a glucuronide 
derivative 10a and is an oxidation product of M9 
was less than 10% and therefore, is not classifie  a major me lite in hum

In repeat dose toxico tudies, MK-4305  administere o several ent 
species f days-39 .  In the repeat dose studies in rat, few deaths or early 
sacrifices related to M 5 treatment occur and only at the HD in the chronic 
study   In the rat studies, few clinical signs were observed after treatment 
of MK-4305.  The most observed clinical sign in the chronic toxic tudy was s ion, 

inc ed dose dently.  Other clin signs that occurred less frequently 
ed eased a  unsteady gait, lateral recumbency, and impaired righting 

reflex in a few rats, which were observed early in the course of treatment and at the HD.  
In general, there was no change in body weight in rats.  Changes in hematology and 

 were few, but included an increase in reticulocytes and a dose-dependent 
crease in fibrinogen in F, and increases in cholesterol and ions (potassium and 

  Few clinical 

 was absor ed rapidly a oral administra , with ora ioavailability 

ys a -4305 plasma protein binding was high 
ma  spe d.  T

metaboli e M9 imilar d
 Tissu
 d , 

n w
ogs . 

ansfo  of MK y by o the oxa
lebenz
 CYP2

 the oie ainly
CYP3
concentrations of MK-

but 
4305.

mRNA thes
es.  meta  the in vitro

microsomal 
fo
(12%), and M17 (9.8%).  The major metabolite M9 was q
studie  rat and dog  in reproductio  development ies in rat an rabbit, and in 

aj  M
 of M  therefore, is not a concern.  M17 

d as tabo ans. 
 

logy s
s

 was d t differ
or 2  week

K-430 red, 

ity s alivat
which 
includ

reas
decr

-depen ical 
ctivity,

biochemistry
in
calcium), and changes in globulin and albumin.  Liver and thyroid weights increased and 
reflected the main histopathological findings of thyroid follicular cell hypertrophy and 
hepatocellular hypertrophy.  The incidence and severity of the microscopic findings in 
liver and thyroid gland increased with increase in dose.  In the chronic studies, these 
findings were observed at plasma exposures of greater than 178 µM*h.  Other 
microscopic findings observed were very slight to slight pancreas chronic inflammation 
and stomach glandular erosion.  Retinal atrophy was observed in the rat carcinogenicity 
study.  However, no atrophy of the retina was observed in either control or HD groups 
after re-evaluation of the chronic rat studies. 
 
In the repeat dose studies in dogs, few deaths or early sacrifices related to MK-4305 
treatment occurred, and only at the HD in the 1-month study 
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12 Appendix/Attachments 

Plasma exposures in humans; Clinical trial P026 (Sponsor’s) 
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