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EXECUTIVE SUMIIIAR Y

I. Recommendations

A. Recommendation on approvability
AP A roval

Pharmacology/Toxicology recommends approval ofNDA 21,995 (Januvia®)

. Recommendation for nonclinical studies

No additional nonclinical studies are required.

Recommendations on labeling

8. Use in Specific Populations

8.1 Pregnancy

Pregnancy Category B

There are no adequate and well-controlled studiesin pregnant
women; ‘ R

“V 3

recommended for use in pregnancy unless clearly needed. Merck &

Co., Inc. maintains a registry to monitor the pregnancy outcomes of

Women exposed to Januvia while pregnant. Health care providers are

encouraged to report any prenatal exposure to Januvia by calling the

Pregnancy Registry at (800) 986-8999.

 

 

Sitagliptin administered to pregnant female rats and rabbits

____.____ was not teratogenic at oral doses up to 250 mg/kg (rats)

and 125 mg/kg (rabbits), or approximately 30- and 20-times human

exposure at the maximum recommended human dose (MRHD) of

100mg/day based on AUC comparisons. Higher doses ' “—
increased the incidence of —- rib

malformations in offspring at 1000 mg/kg, '
m

 

 

Sitagliptin administered to female rats \—'

--""“ decreased the average body weight in male and '

female offspring at 1000 mg/kg I".
m

A 3 . No functional or behavioral

toxicity was observed in offspring of rats.

 

 

__ placental transfer was approximately 45% at 2 hours and

80% at 24 hours postdose. C. ——-—_—————-—-_—‘—_—"

3 placental transfer was approximately 66% at 2
hours and 30% at 24 hours.
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8.3. Nursing Mothers

Sitagliptin is excreted in the milk of lactating rats at a milk to plasma
ratio of4:1. It is not known whether sitagliptin is excreted in human milk.

Because many drugs are excreted in human milk E,

m,3 a decision

should be made whether to discontinue nursing or to discontinue the drug,
taking into account the importance of the drug to the mother.

 

13. Nonclinical Toxicology

l3.l Carcinogenesis, mutagenesis, impairment of fertility

A two year carcinogenicity study was conducted in male and female

rats given oral doses of sitagliptin of 50, 150, and 500 mg/kg. There was an
increased incidence of combined liver adenoma/carcinoma in males and

females and of liver carcinoma in females at 500 mg/kg. This dose results

in approximately 60 times the human exposure at the maximum

recommended daily adult human dose (MRHD) of 100 mg/day based on
AUC comparisons. Liver tumors were not observed at 150 mg/kg,

approximately 20 times human exposure at the MRHD.

A two year carcinogenicity study was'conducted in male and female

mice given oral doses of sitagliptin of 50, 125, 250, and 500 mg/kg. There

was no increase in the incidence of tumors in any organ up to 500 mg/kg, '
approximately 70 times human exposure at the MRHD.

Sitagliptin was not mutagenic or clastogenic with or without metabolic

activation in the Ames bacterial mutagenicity assay, a Chinese hamster

ovary (CHO) chromosome aberration assay, an in vitro cytogenetics assay

in CHO, an in vitro rat hepatocyte DNA alkaline elution assay, and an in
vivo mouse micronucleus assay.

In rat fertility studies with oral gavage doses of 125, 250, and 1000

mg/kg, males were treated for- weeks prior to mating and females were

treated -weeks prior to mating through gestation day 7. No adverse effect

on fertility was observed at 125 mg/kg (approximately 12 times human

exposure at the MRHD of 100 mg/day based on AUC comparisons).
Higher doses increased resorptionsain females

at approximately 25 times human exposure at the MRHD based on AUC

comparisons.
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II. Summary of non—clinical findings

A. Brief overview of non-clinical findings

Pharmacology ‘

MK—O43l (sitagliptin phosphate) is a competitive inhibitor ofdipeptidyl peptidase 4
(DPP4), an enzyme principally responsible for degrading incretin peptides glucagon—like

peptide—l (GLP—l) and glucose~dependent insulinotropic peptide (GIP). MK-043l

prolongs incretin half-life and biological activity and thus potentiates glucose-dependent

insulin release and delays gastric emptying. In non—clinical models of diabetes, MK-043l

moderates glucose excursion and improves insulin release and islet cell function/mass

without provoking hypoglycemia. MK-O43l is body weight-neutral, unlike marketed

glitazones (weight gain) and GLP-1 analogues (weight loss).

Immunomodulatory effects of DPP4 (aka CD26) are reportedly not altered by MK-

0431, based on normal responses of murine T- and B-cells to antigens and mitogens.

However, rodent DPP4/CD26 differs in some aspects from human DPP4/CD26 (e.g.,

binding of adenosine deaminase) and Merck’s experiments did not directly test the T-

helper memory function ascribed to CD26. Therefore, the non-clinical data do not

adequately predict potential effects of MK-0431 on DPP4/CD26’s role in human

immunity.

Safety pharmacology assessment of neurological, renal, pulmonary, and
gastrointestinal effects of MK-043l did not identify any significant liabilities.

Absorption, Distribution, Metabolism, and Excretion

An oral dose of MK—0431 is rapidly absorbed and is 60—90% bioavailable in rats and

dogs. MK-O43l distributes to most rat tissues with low amounts distributing to the brain,
eyes, and bone. Plasma protein binding is moderate (30%). Metabolism of MK-043l is

minimal with 80% of unchanged parent compound being eliminated in the urine of rats,

dogs, and humans. Oxidative metabolism by CYP3A4 and 2C8 is a minor metabolic

_ pathway. MK-0431 has a longer plasma half-life in humans ,(l3hrs) than in rats and dogs

(2-5hrs) probably due to different rates of renal elimination. MK-043l slightly

accumulates in humans but not in dogs or rats after multiple dosing.

MK-043l is a P-glycoprotein and hOAT3 substrate, but does not interfere in the

shuttling ofother substrates via these transporters in vitro. MK-0431 does not inhibit

CYP450 enzymes or indUce CYP3A4. The results predict a low probability for

pharmacokinetic drug interactions via these pathways. .

General Toxicology (MRHD, Maximum Recommended Human Dose, or 100mg)

- Single dose studies identified minimum lethal doses of 2000mg/kg (200-400x

MRHD) in mice and 3000mg/kg (150-300x MRHD) in rats. Little other toxiCOlogical
information was obtained in these studies.
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Repeat dose studies were conducted in Sprague-Dawley ratsand Beagle dogs up to 6

months and 12 months duration, respectively.

A high-dose 3-month study in rats identified kidney and liver necrosis, myocardial

degeneration, bone marrow necrosis, and death at 1500 and 2000mg/kg (150—200x

MRHD). Kidney toxicity was also observed in mice at 500mg/kg. Note that exposure at

these high doses is theoretically sufficient to inhibit off-target enzymes DPP8/9, proteases
that are associated with these toxicities.

Administration of doses up to 20x the MRHD for 6 months in rats did not elicit

significant toxicity.

Studies in dogs identified NOAEL doses based on clinical signs that consisted of

reduced activity, hunched posture, ataxia, tremor, and sporadic emesis observed at

50mg/kg (20x MRHD). Respiratory distress, described as audible and labored breathing

and open-mouthed breathing, was also reported. No consistent target organs were
identified in these studies.

Administration ofdoses up to 5x the MRHD for up to 12 months in dogsdid not elicit

significant toxicity.

Special Toxicology

MK-043l did not produce vascular/skin lesions in rhesus monkeys, as seen with some

DPP4 inhibitors, after three months administration ofdoses up to 25x the MRHD.

Mechanistic data provided by Merck suggests that inhibiting DPP4 activity alone15 not

sufficient to produce this toxicity

The combination of MK-0431 and high-dose (50 mg/kg) but not low-dose (20 mg/kg)

metformin in dogs may have resulted in more numerous and earlier deaths than observed

with metformin alone. The lower dose of metforrnin (20 mg/kg) better approximates
maximum human exposure to metformin (2500mg/day). Convincing evidence is provided

by Merck that high-dose metformin is responsible for the deaths observed in combination

with MK-0431. Nevertheless, there is a slight possibility of exacerbated toxicity in the

setting ofhigh metformin exposure and clinical exposure to MK—043 1.

Reproductive Toxicology
Exposure to MK-04311n the definitive studies ranged from 12x to 90x MRHD1n the

rat and 6x to 50x1n the rabbit. Resorptions and post-implantation losses increasedIn

females in a fertility study at ~25x MRHD; male fertility was not effected. MK-0431 was

not teratogenic but increased the incidence of skeletal malformations in rat pups at

maternally toxic doses. At maternally non-toxic closes, a single rat pup had multiple

skeletal abnormalities (incidence within historical range), and a single rabbit pup had

multiple cardiovascular abnormalities, but a relationship to drug treatment is not
conclusive. MK—0431 crosses the placenta in rats and rabbits and is excreted in maternal

milk at a 4:1 ratio to plasma. As with other oral hypoglycemic agents, MK-0431 should

not be given to pregnant or nursing mothers and Merck will maintain a pregnancy

register. Pregnancy Category ‘B’ is recommended.
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There were no conclusive drug—related effects on embryonic/post-natal development
in rats at 125mg/kg (12x MRHD) or in rabbits at 125mg/1<g(20x MRHD).

Genetic Toxicology -

MK—0431 was not mutagenic or clastogenic in three in vitro assays (Ames,

hepatocyte alkaline elution, and chromosome aberration) and one in vivo assay (murine
micronucleus induction). '

Carcinogenicity

Carcinogenic potential of MK-0431 was evaluated in 2 year studies in

mice and rats. Both studies adequately assessed carcinogenesis. MK-043l significantly

increased the incidence of combined liver adenoma/carcinoma in male and female rats,

and increased liver carcinomas in female rats at 500mg/kg (62x MRHD). Non-genotoxic,

chronic hepatotoxicity is the suggested etiological event but this is based on weak

correlative evidence of liver toxicity. MK-0431 did not produce any drug—related tumors

in CD-1 mice up to 500mg/kg (72x MRHD). MK-0431 poses a minimal carcinogenic risk
to humans. V

mam Original
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B. Non-clinical safety issues relevant to clinical use

.1. DPP4 cleaves several substrates in addition to GLP-l. Therefore, MK-O43l may

have undesirable effects related to inhibiting cleavage of non-incretin substrates.

Effects on human immunity, specifically recall responses to antigens and immune

cell trafficking, may be adversely effected by DPP4 inhibition. This risk is an

unavoidable characteristic of MK—0431 and the drug class There15 currently no
clinical evidence of such effects with Januvia.

MK-043l presents a marginal clinical risk of producing skin lesions with
prolonged administration. This conclusion is based on the absence of skin

findings in the 3-month monkey study, on mechanistic data suggesting that

inhibiting DPP4 activity alone is not sufficient to produce this toxicity, and on the

high DPP4 selectivity of MK—O431 at clinical exposure. Risk assessment for skin

lesions must be done on a case-by-case basis and is not evidence of similar safety

with other DPP4 inhibitors currently in clinical development.

The combinatibn of MK-0431 and high-dose metformin (50 mg/kg) in dogs may
have resulted in more numerous and earlier deaths than observed with metformin

alone. The combination of MK-043l and a lower dose of metformin (20 mg/kg)

that better approximates human exposure at 2500mg/day resulted in no deaths and

yielded no evidence ofexacerbated toxicity. Convincing evidence is provided that
the deaths at 50 mg/kg is due to metformin toxicity and not to the combination.

Nevertheless, there is a slight possibility of exacerbated toxicity in the setting of

high metformin exposure (2 40011M*h AUC) and clinical exposure to MK-043l
(~10uM*h AUC).

,5on

mpgg‘ougflfi
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2.6 PHARMACOLOGY/1‘OXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-995

Review number: 1

Sequence number/date/type of submission:

Information to sponsor: Yes (X) No ( )

Sponsor and/or agent: Merck Research Laboratories

Manufacturer for drug substance:

Merck in Barceloneta, Puerto Rico, Vincenza, Italy, and Visp, Switzerland
Reviewer name: Todd Bourcier -

Division name: Metabolic and Endocrine Products

Review completion date: 31 August 2006

Drug;
Trade name: Januvia

Generic name: Sitagliptin phosphate

Code name: MK-0431; L-000224715—010X
Chemical name:

7[(3R)—3-amino-11-o-xo--4(2,4,5-trifluorophenyl)butyl]-5 ,,67, 8-t-etrahydro—[3-

(trifluoromethyl)— 1,2,4-triazolo[4,3—a]pyrazine phosphate (1: l) monohydrate
CAS registry number: 654671-77-9

Molecular formula/ weight: C15H15F6N50 - H3PO4 ° H20 /523.32 MW

Structure:

 
1W 11““?

Relevant INDs/NDAs/DMFS 62,278 (Novartis); ; 63,634 (BMS);
67,369 (GSK); 65,495 (Merck), ; I —— 69,707 (PPD)

 

 

Drug class: dipeptidyl-peptidase IV (DPP—IV) inhibitor

Intended clinical population: 'Type 2 Diabetics

Clinical formulation: MK—O431 monohydrate phosphate salt (25, 50, 100 mg tablets)

Tablets contain microcrystalline cellulose, calcium phosphate dibasic, croscarmellose sodium,

magnesium stearate, sodium stearyl fumarate. Tablets are pink, light beige, or beige depending on
dosage strength.

ROute of administration: Oral

Maximum Recommended Human Dose: Merck seeks approval of 25, 50, and 100mg.

.The 100mg qd strength provides an average AUC of 10 uM*h and a Cmax of 1 11M.

10
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Disclaimer: Some Tables and Figures from the electronic NDA submission have been

copied for use in this review

11
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Studies reviewed within this submission: -

Primary Pharmacodynamics

'Affinity for human and animal DPP-IV Human, mouse, rat, dog In vitro
Activity in T cell activation assays Mouse In vitro
Acute efficacy in oral glucose tolerance test Mouse P.O.

Pharmacodynamics in oral glucose tolerance test Mouse P.O.
Acute efficacy in model ofdiet-induced obesity Mouse P.O.
Acute efficacy in db/db mice Mouse R0.

Selectivity of MK-O43l for DPP-IV Human, cow, pig, rabbit, rat_ In vitro
Selectivity of comparator compounds for DPP-IV Human, pig In vitro

Safety Pharmacology
Respiratory assay Rat P.O. MK-0431 Tablets

Cardiovascular telemetry assay Dogs P.O. _

Oral functional observational battery assay Rats P.O. .
Cellular electrophysiological evaluation of MK-0431 on I-IERG CHO In vitro

Cardiovascular effects: rising dose study Dog IV
Renal function and electrolyte excretion Dog P.O.

Respiratory function, hemostasis, and platelet function Dog IV
Gastric acid secretion Dog P.O.
Gastrointestinal motility Mouse P.O.
Behavioral and Other CNS Effects

Pharmacokinetics

Absorption

Phannacokinetics in rat and dog
_ Oral bioavailability and dose dependence in rat and dog

Distribution

Single-dose tissue distribution in rat
Placental transfer in rat and rabbit

Reversible plasma protein binding

Serum albumin and (ll-acid glycoprotein binding
Blood-to-plasma partitioning
P-glycoprotein mediated transport, mouse and human
Uptake by renal transporters, human

Metabolism 7 -

Metabolites in plasma, mouse and rabbit
Metabolites in plasma, liver, kidney, urine, and bile in rat

Metabolites in plasma, urine, and bile in dog
Metabolites in plasma, urine, and feces in human

Identification of metabolites M2 and M5 in dog

Metabolism in liver microsomes, mouse, rat, rabbit, dog, monkey, human
Metabolism in hepatocytes, rat, dog, human '
Metabolism in recombinant cytochromes P450 in human
Inhibition ofcytochromes P450
Induction ofcytochrome P450 3A4

Effect on MDRl P-glycoprotein-mediated transport

Excretion

Mass balance in rats and dogs ‘

Urinary and biliary excretion in rats and dogs
Excretion into milk in rat

12
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General Toxicology

Single dose toxicity in mouse and rat (anhydrous and monophosphate salt formulations)
Repeat dose toxicity studies and their duration:

CD-l Mouse: 1 and 3 months

Sprague Dawley Rat: 2 weeks, 3 months, 3 months high-dose, 6 months

Beagle Dogs: 2 weeks, 3, 6, and 12 months

Genetic Toxicology
Ames Assay (in vitro)
Primary rat hepatocytes (in vitro)
Chinese hamster ovary cells (in vitro)
Micronucleus induction in mice afier single oral dose (in vivo)

Carcinogenicity

106 week oral gavage in CD-1 mice and toxicokinetic analysis .
106 week oral gavage in SD rats and toxicokinetic analysis

Reproductive/Developmental Toxicology
Male and female fertility in rat
Rat Embryonic Development (dose-ranging and definitive studies)

Rabbit Embryonic Development (dose-ranging and definitive studies)
Rat Post-natal Development

Special Toxicology Studies
Denna] sensitization in mice, rabbits, and humans . ’-——-'-'

Ocular toxicity in bovine cornea (in vitro) and in rabbits (in vivo)

Intravenous administration ofMK-0431 for 16 consecutive days in rats and dogs
Skin lesion assessment of sitagliptin in a 14-week oral toxicity study in monkeys

Skin lesion assessment of L-000000826 in a 12—week oral toxicity‘study in monkeys
Interim Report: Skin lesion assessment of L—000233357 in a 14-week oral toxicity study in monkeys
MK-0431 + Metformin: Combination Toxicity Studies in Dogs: Summary

MK-0431 + Metformin: 14 week-oral toxicity study in dogs
Exploratory 5-week oral tolerability study with Metformin in female dogs
MK-O43l + Metformin: 16 week oral toxicity in female dogs '

l3



Reviewer: Todd Bourcier NDA No. 21 995 

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

MK-0431 is a triazolopiperazine-based competitive inhibitor of dipeptidyl peptidase 4

(DPP4). MK-043l selectively inhibits DPP4 activity in serum from humans, rodents, and

. dogs with high potency (IC50, 18-69nM; Ki, 9nM). Inhibitory activity against closely

related proteases, including DPP8/9, and a panel of unrelated enzymes and ion channels

is minimal (ICso, 48pM to >100 uM) and not relevant at clinical drug concentrations

(~l.0 pM at a 100mg dose). The DPP4 selectivity of MK-0431 is superior to vildagliptin,

a DPP4 inhibitor being developed by Novartis. The selectivity of MK-0431 for DPP4

minimizes the potential for toxicities associated with inhibition of DPP8/9.

MK-043l bound to serotonin receptors with a Ki of 2-5 pM, but was devoid of agonist

activity; it is not known if MK-0431 interferes with endogenous serotonergic activity.

Merck states that MK-0431 distributes poorly to the brain (1/10th plasma) and that
5HT2A antagonists are used clinically.

DPP4, also known as CD26, contributes to the co—activation of memory/helper T-cells to

recall antigens. MK-043l did not suppress murine T- and B-cell activation in a series of

in vitro activation assays. Other selective DPP4 inhibitors did not suppress reactivity of

human peripheral lymphocytes, but MK-0431 was not specifically tested. These

experiments did not address the memory T-cell function of CD26 and are of uncertain

value in predicting the effect of MK-0431 on human immunity.

MK—0431 showed efficacy in lean mice, diet-induced obese mice, and in db/db mice.

MK-043l inhibited plasma DPP4 activity, increased plasma GLP—1, and reduced blood

glucose excursion in a dose-dependent manner. Efficacious plasma drug concentrations

were 200-700nM, sufficient to inhibit plasma DPP4 activity more than 90%. For

comparison, the Cmax at the 100mg clinical dose is 1000nM.

2.6.2.2 Primary pharmacodynamics

Mechanism of action:

MK-043I inhibits DPP4 in vitro: MK-043l inhibits activity of human recombinant DPP4

by 50% at 17.9 nM (IC5o, Figure 1). The range for inhibitory activity is ~5nM to

lOOOnM, representing ~20% to 99% inhibition of DPP4 activity against a fluorogenic

dipeptide substrate (Gly-Pro—AMC). Inhibitory activity of MK-0431 was competitive and
reversible.

MK-0431 inhibits activity of native DPP4 from humans and from species used for

toxicology testing with similar potency (16-69nM, Table l). MK-0431 inhibits free

DPP4 in serum as well as membrane-bound enzyme (CACO-2 extracts).

14
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Figure 1: In vitro inhibition of human Table 1: Inhibition of DPP4 from various

recombinant DPP4 by MK-043l sources by MK-0431

 
  

; 'ng’P-IV Source _

  
' Huazmreeombinamf '

ampsm’ ’ ' '

.. 41.00;; exam '-réiafivevetodgy.1.
mmm ~ “

MK-0431 is selectivefor DPP4 in vitro: MK—0431 Selectively inhibits activity of DPP4
relative to closely-related prol-ine specific serine proteases (Table 2), although FAPa was
not assayed. MK-04'3l inhibits DPP8 activity with ~2,500 fold less potency compared to
DPP4, based on IC50 values.

MK-043l was also screened for activity against a panel of unrelated proteases and ion
channels (Tables 3 & 4). Granzyme B and gamma-secretase were inhibited with an ICso
2 10uM, and L-type calcium channels with an ICso of22uM. These concentrations are

approximately 500—fold and lOOO-fold higher than the [C50 for DPP4 activity.

MK—0431 bound to rat serotonin receptors 5HT2 (Ki, 5.8uM) and 5HT2A (Ki, 2.1 uM),
but no agonist activity was observed up to lOuM concentration.

The potential for MK-0431 to exhibit off-target inhibitory activity at clinically relevant
concentrations is minimal. The low inhibitory activity against related DASH members
(DPP4 Activity & Structural Homologs) minimizes the toxicities associated with DPP8/9

inhibition in rats and dogs (e.g., thrombocytopenia, mortality in rats, gastrointestinal
toxicity in dogs). Despite the minimal off-target potential of MK-043 l, substrate

promiscuity of DPP4 activity and its possible sequalae is an unavoidable characteristic of
MK-043-l and the drug class.

15
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Table 3: . _ Table 4:

MK-O43l inhibition of selected proteases MK-043l inhibition of selected ion channels

:i swam”! t '
  : ScrieéningeTarget .

   

 
MK-0431 selectivity Vs. comparator compounds: NIK-043l (L-000224715 in Table 5)

exhibits a superior selectivity profile compared to a panel ofother DPP4 inhibitors,
including the Novartis compound LAF237 (vildagliptin) currently in Phase 3 clinical

trials. The threo-, allo- and DPP8/9 selective compounds produced toxicity in rats and

dogs, including thrombocytopenia, anemia, multiple organ histopathology, and mortality
(Lankas 2005). The threo- and allo-Ile non--selective compounds also produced similar
toxicity in DPP4 deficient mice MK-0431 did not produce these toxicities in this study,

indicating that several toxicities are associated with inhibition of DPP8/9 but not DPP4.

A highly selective inhibitor of DPP4 would therefore avoid such DPP8/9-related
toxicities.
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lLankas GR, et al. (2005) Diabetes (lO):'2988-94.
This study was conducted by the Dept. ofSafety Assessment. Merck Research Laboratories

Table 5:1n vitro selectivity ofcomparator DPP4 inhibitors (ICso, uM)

 
MK-0431 activity in marine Tcell activation assays in vitro.‘ DPP4, also known as CD26,
is thought to contribute to co-activation of memory/helper T-cells. MK-0431 was

therefore evaluated over a concentrationrange of 12nM to SOuM in several in vitro-

activation assays with murine T- and B-cells. MK-0431 did nOt inhibit T-cell

proliferation in the mixed splenic lymphocyte reaction (MLR) or in response to antigen,

and did not alter lipopolysaccharide-induced proliferation of B cells. The Lankas article1
reported that DPP4—selective compounds do not suppress in vitro proliferation of human

peripheral blood lymphocytes in response to phytohemagglutinin or staph enterotoxins

but less selective compounds do have inhibitory activity. MK-O43l was not evaluated in

that experiment.

DPP4/CD26 in mice and rats differs in some aspects from the human form”, despite
~85% homology across species (e.g., ADA binding). In addition, the in vitro assays done

by Merck do not clearly test the helper functions ascribed to CD26 on memory T-cells
(e.g., human T—cell response to tetanus toxoid-loaded antigen presenting cells). At least in

mice, MK-043l does not suppress T— and B-cell activation, but the possible effect on

human immunity is unknown. '

‘Lankas GR, etal. (2005) Diabetes (10):2988-94.
This stua’y was conducted by the Dept. ofSafety Assessment, Merck Research Laboratories

ZIwaki-Egawa S, et al. (1997) Cellular Immunology (178)2‘180-186

Drug activifl related to proposed indication:

Non-clinical efficacy of MK—0431 was assessed in lean mice, diet-induced obese mice,

and in db/db mice. MK-043‘1 inhibited plasma DPP4 activity, increased plasma GLP-1,

and reduced blood glucose excursion in a dose-dependent manner. Efficacious plasma

drug concentrations were 200-700nM, sufficient to inhibit plasma DPP4 activity more

than 90%. Merck suggests that clinical'efficacy will be achieved by maintaining 80%

DPP4 inhibition and 2—fold GLP—l elevation at trough plasma drug levels.
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Lean mice were treated orally with MK—0431 (0.1, 0.3, l, 3 mg/kg) and then challenged

with dextrose (Sg/kg, 10kag) 1 hour post-dose (Figure 3). The blood glucose excursion

profile from 0 to 120 minutes was used to integrate an area under the curve (AUC) for

each treatment. MK—0431 inhibited blood glucose excursion in a dosage-dependent '

manner achieving maximum efficacy at 1 mg/kg (46% inhibition). I

In a separate experiment, plasma was collected at 20 minutes post—dose for measurement
of plasma DPP4 inhibition, active GLP-1, and compound. Maximal efficacy,

corresponding to plasma DPP4 inhibition of 70% and plasma concentrations 2190 nM,

resulted in a 2- to 3-fold increase in active GLP—l, analogous to what is observed upon

glucose challenge in DPP4 deficient mice.

Figure 3: Pharmacodynamics of MK-043l in lean mice
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Highfat diet-induced obese mice (D10) mice (Figure 4) develop obesity, hyperglycemia,
and hyperinsulinemia and have impaired blood glucose tolerance in response to a
dextrose challenge. Following oral administration of 0.3, 3, and 30mg/kg MK-0431,

dextrose-induced blood glucose excursion was significantly inhibited by 68, : 90, and 82%

(normalized to the dextrose-challenged lean controls), respectively. Maximum efficaCy
was seen at the 3 mg/kg dose in this study, corresponding to a plasma concentration of

approximately 700nM based on a parallel PK study in DIO mice.
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The db/db mouse is a murine model of type 2 diabetes (Figure 5) characterized by severe

insulin resistance and marked hyperglycemia. Oral administration of MK—0431 (3, 10,

’ and 30 mg/kg) to diabetic db/db mice (9 to 10 weeks of age) resulted in near

normalization of blood glucose to lean controls. Maximal efficaCy was observed at 3

mg/kg (76% correction of hyperglycemia at 4 hours postdose), corresponding to a

maximum plasma concentration of approximately 400 nM based on a parallel PK study
in db/db mice.

   

Figure 4: Figure 5:

Glucose AUC in DIO mice with Blood glucose in db/db mice with
MK-0431 MK—043 1
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2.6.2.3 Secondary pharmacodynamics

2.6.2.4 Safety pharmacology

Brief Summafl: .
Safety assessment of neurological, renal, pulmonary, and gastrointestinal effects of MK-

0431 did not identify any significant liability. MK-043l clearly inhibits hERG potassium ‘

current in vitro at concentrations that markedly exceed human exposure, but nevertheless

represents a potential cardiac conduction liability. Further cardiac telemetry and dose-

rising studies did not identify a treatment-related change in QT or other ECG interval in

dogs up to 50 mg/kg, reducing the importance of the hERG results. Other cardiovascular

findings include a 56mmHg decrease in blood pressure and slight increase in heart rate in

vagotomized dogs at 3,0mg/kg iv, and a slight rise in heart rate in conscious dogs at

50mg/kg oral dose.

Neurological effects:

NOEL > 180 mg/kg (rats), >100 mg/kg (mice)

For CNS activity measurements, Sprague-Dawley rats were subjected to a functional

observational battery assay (home cage, hand-held, and open-field observations, stimulus

activity responses, and grip strength, foot splay, and body temperature measurements).

There were no treatment-related effects after a single dose at 20, 60 or 180 mg/kg. CNS

l9
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function, behavior, motor activity, and thermoregulatory effects of MK-O43l (lOOmg/kg
P.O) were also evaluated in 10 conscious mice. MK-O431 had no meaningful effect on

these parameters when compared to vehicle-dosed animals.

Cardiovascular effects:

NOEL in vivo, 10mg/kg (dogs)

hERG activity: MK-043l inhibits hERG potassium current with an [C50 of l47uM and an
[C20 of ~50uM (Figure 6). Complete inhibition is achieved at lOOOuM. Inhibitory

activity is 80% reversible upon removal of MK-043l.

Figure 6: MK-0431 inhibition of hERG Current

' 10g,» ': ' 33;, " .:
 

Fractionofcontrol‘ ‘ 
Cardiovascular Rising Dose Study: Anesthetized and va‘gotomized dogs (n=3) were '
given an intravenous infusion of MK-043l yielding cumulative doses of 1, 3, 10, and

30mg/kg over a 10 minute period (Table 6). No important changes in mean arterial

pressure or heart rate were observed up to lOmg/kg, but at 30mg/kg blood pressure

decreased 56 mmHg and heart rate decreased 40 bpm near the end of the 10 minute
infusion.

Heart rate—corrected (Bazzet’s) QT interval did not change at any dose. PR interval

increased 7.4% at 30mg_/kg without a change in QRS width or R-wave amplitude.

Plasma concentration was 202uM at 30mg/kg, and S 59uM at lOmg/kg and lower. For
comparison, the clinical Cmax is luM at 100mg. ,
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, Table 6: Cardiovascular effects of MK-0431 in dose-rising study
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Cardiovascular Telemetry Study: Conscious, telemetered dogs (n=4) were given single

oral doses of MK—0431 at 2, 10, and 50mg/kg, or vehicle All animals received all doses
with at least a one-week washout period There were no treatment-related effects on

blood pressure or QT and QRS intervals at any dose. Between 4 and 6 hours after the
50mg/kg- dose, heart rate increased ~30bpm with a concomitant shortening of the PR
interval in 3/4 dogs (Figure 7). Emesis was noted in one dog after the 50mg/kg dose.

Plasma concentration at one hour post-dose was 1.6, 7, and 3411M at 2, 10, and 50mg/kg
respectively. For comparison, the clinical Cmax is 111M at 100mg MK-0431.

Figure 7: Hea1t rate (left) and PR interval (right)1n telemetered dogs after
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Pulmonag effects: NOEL >180 mg/kg (rats), >10 mg/kg (dogs)

Respiratory function (respiratory rate, tidal volume, minute ventilation) was evaluated in

conscious rats using whole body plethysmography. There were no treatment-related
effects on indices of respiratory function following single oral administration of 20, 60,

or 180 mg/kg MK-043l.

In spontaneously breathing anesthetized dogs (n=3), the effect of intravenous MK-0431
(lOmg/kg) on respiratory function, hemostasis, and platelet was evaluated. MK-0431 had
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no meaningful effects on measured respiratory parameters, including peak expiratory

flow, intrapulmonary pressure, tidal volume, lung compliance, airway resistance, and

respiration rate. BlOOd pH, blood gases, hemostaSis, and platelet function were not

meaningfully changed. 'A decrease in blood pressure and increase in heart rate lasting

less than 15 minutes were observed in 2 dogs. '

Renal effects: NOEL >10 mg/kg (dogs)

The doses of 1 mg/kg and 10 mg/kg MK-0431 were administered orally to 6 conscious

dogs (n=3 per dose) to assess renal function. N0 consistent changes in renal function,

including glomerular filtration rate, effective renal plasma flow, electrolyte excretion,
plasma electrolyte concentrations, and filtration fraction, were seen at either dose. No

behavioral or emesis effects were seen after dosing.

Gastrointestinal effects: NOEL >10mg/kg (dogs)

MK-043l at 10 mg/kg via gastric fistula cannula had no significant effect on basal gastric

acid secretion or gastrin-stimulated gastricacid output in 6 conscious, female beagle
dogs. No behavioral effects or emesis were seen after dosing. The dose of 10 mg/kg p.o.

MK-0431 was evaluated in conscious mice for potential effects on GI motility as

determined by the advancement of a charcoal meal in the small bowel. MK-043l had no

significant effect on intestinal transit and did not alter demeanor during the 80-minute

exposure period.

Abuse liability: No abuse liability studies were performed.

Other: None
 

2.6.2.5 Pharmacodynamic drug interactions

No pharmacodynamic drug interaction studies were performed. Combination studies with

metformin are described in the Special Toxicology Studies section.

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

- 2.6.4.1 Brief summary

An oral dose of MK—0431 is rapidly absorbed and is bioavailable (60-90%) .in rats and

dogs, with AUC and plasma concentration increasing generally in proportion with dose.
MK-0431 distributeswidely to tissues and tissue concentration of drug generally exceeds

that in plasma except in the brain, eyes, and bone- Binding to plasma proteins is 32%-

38% and does not differ between species. Clearance is moderate in dogs and high in rats,

consistent with a longer plasma half-life and higher dose—normalized exposure in dogs vs.

rats. Plasma half-life in humans is 3- to 6-fold longer due to slower clearance than in

dogs and rats. MK-0431 is excreted primarily in urine but also in feces partly via biliary
secretion.
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In vivo metabolism of MK-0431 is minimal (5 20%) and oxidative conversion is

mediated primarily by CYP3A4 and secondarily by CYP2C8. Six metabolites identified

in human plasma are also present in either rat or dog plasma in equal or greater quantity,

except for M4 (present at <l% in human plasma). Parent MK—0431 accounts for 80% to

90% of total exposure after an oral dose in rats, dogs, and humans; no metabolite in

human plasma exceeded 7% of total exposure. Glutathione metabolites were also
identified, but are not present in plasma.

In humans, MK—0431 and its metabolites are excreted predominately in the urine (87%)

and less in the feces (l3%). MK-043l may be actively secreted into the urine by organic

anion transporters in the renal tubules, based on in vitro data (vide infra). Nearly all of an

administered radioactive dose is recovered in the feces and urine combined, indicating

minimal retention of MK-0431 in tissues. Excretion in dogs and rats is similar to human,

though the percent excreted in urine is higher in humans.

MK-043l does not interfere in p-glycoprotein-mediated transport, despite itself being a

substrate. MK-0431 does not appear to inhibit CYP450 enzymes nor induce CYP3 A4.

MK-0431 is a substrate fOr hOAT3 transport, but potential interference in transport of

other organic ions appears low given the high Km for transport saturation (l62uM). The

results predict a low probability for pharmacokinetic drug interactions via the

aforementioned pathways.

MK-0431 crosses the placenta in pregnant rats and is excreted in milk in lactating rats,

ensuring drug expsoure to fetuses and newborns.

2.6.4.2 Methods of Analysis

Plasma concentrations 0fMK-0431: LC-MS/MS assay with a lower limit of

quantification of 1.0 and 5.0 ng/ml in rat and dog plasma, respectively.

Radioactivity measurements: Liquid scintillation counting of relevant samples.

Metabolite identification: LC-MS and comparison with authentic synthetic standards.

2.6.4.3 Absorption

Intravenous and oral dosing produces linear increases in AUC exposure in male rats and

dogs (Table l). Bioavailability of an oral dose was high in rats (> 61%) and dogs (2

90%), and Cmax was reached within 1-2 hours. The dose-normalized AUCO.17 values

afier oral administration were 4 to 6 times higher in dogs than rats, consistent with slower'

plasma clearance in dogs. Similarly, plasma half life was longer in dogs (4-5 hrs) than in,
rats (2-4 hrs). The Vd in dogs (3 ml/kg) was also lower than in rats (8 to 9 l/kg).

MK—0431 does not accumulate with multiple dosing in rats and dogs, but slightly

. accumulates ~15—30% in humans because ofa 13. hour plasma half-life in humans.
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Table l: Pharmacokinetic properties of MK-0431 in rats and dogs
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2.6.4.4 Distribution

Tissue distribution ofMK043 1 in rats. MK-0431 distributes to tissues rapidly and

widely following intravenous dosing, partitioning equally between blood and plasma.
MK-O43l distributes poorly to brain, but is present in most tissues at concentrations

exceeding that in plasma (Tables 2 and 3). Within 4 hours post-dose, the highest drug

concentrations are found in organs associated with excretion: gastrointestinal tract, '

kidneys, urinary bladder, and liver. High drug concentrations are also found 4 hours post—

dose1n non—excretory organs, including the lungs, thymus, spleen and secretory organs
(pancreas, pituitary, thyroid).

MK-0431 concentration in all organs is significantly lower at 24 hours than at 4 hours,

indicating that drug is not retained in any organ evaluated.

_B_ood,bone, bone marrow, heart, mesenteric lymph nodes, skin,
eyes, fat 

Adrenals, GI tract, epididymis, kidney, liver, lungs, pancreas,
pituitary, prostate, skeletal muscle, spleen, testes, thymus, thyroid,
urinary bladder .
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Table 3:

TissuezPlasma concentration ratios of MK-043 l-related radioactivity after a single 2 mg/kg intravenous
dose.
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ma adioactivizy concentration equals 0. 7, 0‘2, and 006 pg*eq/g at 5min, 1hr, and 4hr post-dose,
respectively.

  

Recovery of drug-related radioactivity was 2 95% by 120 hours following an intravenous

or oral dose. MK-043l was recovered in the feces and urine in approximately equal.

quantities (Table 4). '
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Table 4: Total recovery of radioactivity 120 hours afier a single intravenous or oral dose of MK-043 l.
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Placental transfer ofMK0431‘ In rats and rabbits, MK—0431 readily crosses the placenta

into the fetal circulation after dams receive oral doses from gestation days 6 to 20 (see
Reproductive Toxicity section and Table 5).

Table 5: Fetal and maternal MK-0451 plasma concentration on gestation day 20

 
Plasma protein binding and bloodpartitioning 0fMK-0431 Approximately 32% to 38%

of tr1t1ated MK-0431 binds to plasma proteins, as assessed by *— from

several species including humans (Table 6). There was no difference among species and

the percent binding was largely independent ofdrug concentration. MK-0431

preferentially bound albumin (64%) vs. al-glycoprotein (25%);

Partitioning of MK-043l (0.1, l, 1011M) was equal between blood and plasma
(bloodzplasma concentration ratio = 1) in samples evaluated from rats, dogs, and humans.

Thus, blood clearance of MK-0431 will approximate plasma clearance.
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Table 6. In vitro plasma protein bindingoftritiated MK-0431In several species
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MK-0431 is a substrate for murine P-glycoprotein: Following intravenous administration ‘
of MK-043l to Mdrla-deficient (—/—) and wild type (+/+) mice, brain concentrations of

drug were higher in the (-/—) than in the (+/+). This resulted in higher brain-to-plasma

concentration ratios for the (-/—) than the (+/+) mice (-0.2 to 1.5, and <0.2, respectively),

indicating that MK-0431 is a substrate for the mouse P-glycoprotein which influences

tissue concentrations ofdrug.

The transport of MK—0431 was fisrther assessed in LLC-PKl cells that overexpress

murine (Mdrla) or human (Mdrl) p-glycoprotein. As shown in Table 7, equal and bi-

directional transport of MK—0431 in ‘control’ cells is converted to basolateral-apical uni-

directional transport in cells expressing murine or human p—glycoprotein. Quantitatively,
p-glycoprotein transport remains low (5 8% over 4 hours) in this assay.

. Table 7: Transport of l\/IK—'O43l in LLC-PKl, Mdrl, and Mdrla cell lines
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MK-043I is a substratefor human 0A T3: As shown in Table 8, MK-043l is taken up by

cells expressing the human organic anion transporter-3 (hOAT3) more than by cells not

expressing hOAT3. Uptake was saturable with a Km of l62uM. Such uptake is inhibited

by probenicid, an inhibitor of hOAT-mediated transport, confirming that MK-043l is a
substrate for hOAT-3.

MK—0431 did not interact with hOATl, hOAT4, hOCTZ, or hPEPTl in vitro.

Table 8: Uptake of l4C-MK-043l by hOAT3-transfected CHOKl cells (lefl) and inhibition by probenicid
(right) ,
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2.6.4.5 Metabolism

In vivo Metabolism: Table 9 depicts six metabolites identified in plasma from humans

and test species at one and eight hours following an oral dose._ Relative quantities of

metabolites shown in Table 9 are similar when carried out to 12h and 18h post-dose in

humans. All metabolites identified in human plasma were also present in either rat or dog

plasma, except for M4 (present at < 1%). Parent MK-0431 accounts for 80% to. 90%. of

total radioactivity in human, rat, and dog plasma, indicating minimal metabolism of

parent. No metabolite in human plasma exceeded 7% of total radioactivity. DPP4

inhibitory activity of M1, M2, and M5 is 300 to lOOO-fold less than the parent,

contribiIting little to overall pharmacodynamic activity.

Thus, an oral dose of MK-043l is minimally metabolized (~20%) to six plasma

metabolites and several non-plasma glutathione conjugates. Human plasma metabolites
are found in either dog or rat plasma in equal or greater amounts; potential toxicity of

metabolites was therefore adequately assessed in non-clinical studies. No human plasma
metabolite exceeded 7% of total radioactivity following an oral dose of parent, negating

the need for separate genotoxicity/carcinogenicity testing of metabolites.
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In Vitro Metabolism: Liver microsomes and hepatocytes from humans and test species

minimally metabolized MK-043l in l- and 4-hour incubation assays (5 14%, Table 10).

The low level of metabolism in _vitro precluded definitive identification of metabolites,

but trace amounts of M2, M3, M5, M6, and 2 glutathione adducts were detected.

Table 10: Total metabolism (%) of MK-O43l by liver microsomes and hepatocytes in vitro
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MK—043l is metabolized by CYP3A4 to the primary oxidative metabolites M2, M5, and

M6. Metabolism by CYP2C8 contributes a minor degree to formation of M2 and M5, but

not M6. This was confirmed by incubation of MK-043l with recombinant human CYP

enzymes and with liver microsomes containing anti-CYPS 3A4 or 2C8 antibodies (Table

' ll).

Table 11: Metabolism of MK-0431 to M2, M5, and M6 is blocked by anti-CYPS 3A4 and 2C8 antibodies.
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Inhibition and Induction ofCYP450 Enzymes: MK-043l did not inhibit the in vitro

CYP450 actiVity in pooled liver microsomes (ICSO >100pM, CYPs 1A2, 286, 2C8, 2C9,

2Cl9, 2D6, and 3A4). Pre-incubation of MK-043l with liver'microsomes, with Or

without NADPH regeneration, did not result in CYP450 inhibition.

MK—043l (l and 1011M) did not significantly induce mRNA nor increase activity of

CYP3A4 in human primary hepatocytes from 3 organ donors. Rifampicin, as a positive .

control, significantly induced mRNA and activity ofCYP3A4 in parallel incubations.

P-glycoprotein FunctionalInteractions: In vivo and in vitro studies identify MK-0431 as
a substrate for p-glycoprote‘in. MK-0431 was further assessed for interference in p-

‘glycoprotein-dependent transport of selected agents. Using. LLC-PKl cells thatexpress

either human p-glycoprotein (mdrl) or empty vector determined that MK—0431 (0.3-

SOOpM) does not reduce transport of digoxin, verapamil, vinblastine, ritonavir, or

quinidine. Cyclosporin, a potent inhibitor of p-glycoprotein, reduced transport of all these

agents (Table 12).
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Table 12: Effect of MK-0431 on p-glycoprotein-dependent transport of various agents in MDR- 1-

expressmg LLC-PKl cells.. . , . ~ . BAABRauoofTestAmmm ' . . . .
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2.6.4.6 Excretion

Excretion of a single intravenous or oral dose of l4C—MK-043 l, detected as drug-related
radioactivity, was split nearly equally via urine and feces in the rat and primarily via

urine in the dog (Table 13). Greater than 94% ofan oral dose is recovered in the feces

and urine collectively. Twenty percent of drug-related radioactivity was recovered in the

bile ofcannulated rats, lower than the 40-60% recovered in feces from intact rats.

Contrary to excretion in rats and dogs excretion in humans was predominately urinary.
An average of 87% of administered l4C-MK-0431 was recovered1n urine vs. 13%1n the
feces. The metabolite profile1n urine and feces was similar to that1n plasma, except for

the absence of M3 and M4 (glucuronides) in feces.

Table 13: Excretion of MK-043l after intravenous and oral dosing111 rats and dogs.“
RAT(020 1201117) " > . ,_

" ' 3 Percent ofAdmuustmed" 'ose,
  

 
  

  
HUMAN (0 to 168 hr) n=5

-“ 875.2 13.1 i5.3% 100.1141
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MK-0431 is excretedin milk ofrats MK-043llS excretedin the milk of lactating rats in

a 4:1 concentration ratio to plasma (Table 14).

oncenu-nflonf

'.-Ma_tem'al plasma”.
- Maternal milk ' . ==‘ ‘ y. r, x ,, ' 2
RatioWlasma) ' 3.85:1:0531 I »_ . 3934-03522 1“
 
2.6.4.7 Pharmacokinetic drug interactions

MK-0431 does not interfere in p-glycoprotein—mediated transport, despite itself being a

substrate. MK-043l does not appear to inhibit CYP450 enzymes nor induce CYP3A4.

' MK-043l is a substrate for hOAT3 transport, but potential interference in transport of

other organic ions appears low given the high Km for transport saturation (162pM). The

results predict a low probability for pharmacokinetic drug interactions via the

aforementioned pathways.

2.6.4.8 Other Pharmacokinetic Studies

Chiral Inversion: Merck collected plasma samples from individuals treated with 200mg

of MK-0431 at 2 hr and 15 hr post-dose (sub#247, 8/22/05). Plasma concentrations were

measured using a chiral separation method to identify the isomer, L-400224. The analysis

found no peak at 1.4 min representing L-400244, suggesting that no chiral conversion

had taken place.

2.6.4.9 Discussion and Conclusions

Pharmacokinetics of an equivalent oral dose by body surface area in dogs and rats is

similar to humans relative to AUC and Cmax exposure (Table 15). However, clearance is .

higher in dogs and rats resulting in substantially shorter plasma half-lives of 2—4 hours in

dogs and rats and 13 hours in humans.
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2.6.4.9 Tables and figures to include comparative TK summary

Figure 1

Proposed Metabolie Pathway of[4C—MK-0431in non--clinical test species and humans
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Figure 2:

Comparative Toxicokinetie Summary Table
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Tables: Multiple dose PK in humans and mean PK parameters after a single oral
dose in Phase I studies

Preliminary PK after repeated oral doses (10 days) of L-224715 in young healthy male
volunteers rotocol 04

Multiple

Dose Study

  

 
 

  

  

 

 

  

 

 

The ratio of AUC on'day 10 to day 1 was about 1.3 fold, suggesting slight accumulation
of L-000224715 with repeated drug exposure.

Me'mPharmacokmeu " ParametersAcross Phase IStakesFoliowmgMultipleOral
loo-mgDosesof _ 1 31 Admitl stated OnceDailyto Fasting-Beak}: 'r’Subjects  

 
TABLE 15

Comparative pharrnacokinetics of repeated oral doses in humans, dogs, and rats

 

 

 

 

Comparison based on body surface area-equivalent doses.
* Based on 70kg body weight
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2.6.6 TOXICOLOGY .

2.6.6.2 Single-dose toxicity

Single dose toxicity studies were conducted in CD-1 mice and Sprague-Dawley rats with
two different formulations of MK-0431: anhydrous drug and the monophosphate salt
(latter identical to clinical formulation). Drug was administered by oral gavage in all
studies. '

MK—0431 was lethal in mice at 2 2000 mg/kg and in rats at 3000 mg/kg, corresponding to
exposures ofZ 1500pM*hr AUC0_24. The minimum lethal dose in rodents exceeds
clinical exposure by 2 ISO-fold.

Clinical signs documented in rats at 3000 mg/kg included decreased activity, hunched
posture, and labored breathing. Death of one rat occurred at this dose level.

Causes of death were not identified nor pursued by the investigators. Moreover, the
toxicological assessment was limited to evaluating clinical signs within one day of dosing
in rats and within 14 days of dosing in mice. Thus, these studies provide no toxicological
information other than identifying acutely lethal doses in rats and mice.

Toxicokinetic data indicate that the anhydrous and monophosphate formulations of MK—
0431 provide similar exposure as AUC0-24 in mice and rats, at least up to a 500mg/kg
dose. The anhydrous formulation provides ~50% higher exposure than the monohydrate
formulation at higher doses.

AP On original
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GLP study
# TI‘026410

Anhydrous 11ng

Mouse, CD—l

GLP study
# 'ITO30590

monophasphate salt

Rat,

Sprague—Dawley

GLP study
# TTOZZS66

Rat, »,
Sprague—Dawley

GLP study

# TT020900 _

Anhydrous drug

Rat,

sprague-Dawley

GLP study
# TT030600

mono ”hashate salt

n.a., not applicable

Minimum
Lethal Dose

2000 mg/kg

No Lethal Dose

Found

Minimum
Lethal Dose

> 2000 mg/kg

Minimum

Lethal Dose

3000 mg/kg

No Lethal Dose
Found

ZOO-400x

l50-300x
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Death from undetermined cause on drug day l:

1 male, 1 female of 60 mice at 2000 mg/kg
18 males, 17 females of 60 mice at 4000 mg/kg

Doses: 250, 500, 1000, 2000, 4000mg/kg
AUCa.24: 236, 591, 1310, 2l 10/4420 (mlt) uM‘hr

no AUC or 4000mo/k-

No deaths observed on drug day l. (n=30/group)

No necropsyor other toxicological assessment done.

Doses: 250, 500, l000mg/kg
AUCM4.‘ 219, 524, 1550/l040 (m/l) uM‘hr

No deaths observedIn 3/3 female rats within l4 days alter
a single oral dose.

Salivation noted with dosing.
Body weight was unchanged.

Doses: 2000 mg/kg; no exposure data

Death of l/ 12 females from undetermined cauSe at 3000 '

mg/kg on drug day l -

All high dose males/females (n=12/sex) showed 1
activity, labored breathing, urine staining, reddish

discharge from nose, cold to touch, hunched posture.

Urine staining in low dose females (2/12) and some mid-
dose males and females.

Doses: 750, 1500, 3000 mg/kg
AUCM4: 840, 1750, l550/3040 (m/f) uM*hr

No deaths observedin 9 males and females on drug day 1
after a single oral dose.

No toxicological assessment was performed.

Doses : 500, 750, 1500 mg/kg
AUCM, : 464, 630, 1050 uM*hr
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2.6.6.3 Repeat-dose toxicity

General toxicity was assessed in Sprague-Dawley rats and in Beagle dogs in studies up to
6 months and 12 months duration, respectively. Exposure to Januvia ranged from [X to

20x the 100mg MRHD in all repeat dose studies except for the 3 month rat study that

evaluated exposures up to 200x MRHD. Additional toxicity studies of l and 3 months
duration were conducted in CD-1 mice. ‘

Note that all repeat dose toxicity studies used the anhydrous formulation, not the

monohydrate formulation proposed for clinical use. This does not present a problem_

because both formulations provide similar AUC exposure at least in rodents up to 500

mg/kg.

The high dose 3—month study in rats was the only study that adequately identified target

organs. No significant toxicities in rats were elicited in shorter term studies or the chronic

12-month study that evaluated Januvia at 1x to 20x multiples of the MRHD. Studies in

dogs identified NOAEL doses based primarily on neurological clinical observations

rather than target organ identification. '

High-dose Target Organ Study in Rats

This 3 month study in rats evaluated toxicity of Januvia at 50x to 200x multiples of

clinical exposure at the MRHD of 100mg. Clear target organs were identified at 1000,

1500, and 2000mg/kg: '

Kidney: Renal tubule degeneration and necrosis occurred at 1500 and 2000mg/kg in

males and females, respectively. Renal tubular necrosis was cited as the cause ofdeath

for males and females in both dose groups. Markers of toxicity included increased BUN

and creatinine, increased urine volume, and increased proteinuria. Kidney toxicity was

not observed in dogs.

Liver: Hepatocellular hypertrophy with increased liver weight was observed at

500mg/kg and higher, likely reflecting an adaptive response to drug. However,

hepatocellular degeneration and necrosis occurred at 2000mg/kg and is considered

adverse. Liver enzymes ALT and ALP increased a' modest 2-fold at doses 21000 mg/kg.
A similar increase in ALT was seen in high dose dogs in the 15-day study, but was not

reproducible in longer-term studies.

Heart: Myocardial degeneration and necrosis was observed at 1500 and 2000mg/kg.

Heart mineralization was also observed in one high-dose dog that subsequently died

(probable intubation event) in the 6 month study and in another high-dose dog that

survived 52 weeks of dosing. Merck did not measure CPK in any study despite FDA

recommendations, so a more accurate assessment of muscle injury is not possible.

Teeth: Ameoblast and odontoblast degeneration observed at 1000mg/kg progressed to

incisor thickening and occasional tooth breakage at higher doses. Other than teeth, no,
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remarkable findings in other bone were reported. However, it is possible that rapidly

growing bone may be adversely effected by high concentrations of Januvia.

Bone Marrow: Minimal to moderate necrosis was observed in l/ 15 males at 1500mg/kg
and in 2/ 15 males at 2000mg/kg. No females were effected. SuCh effects were not seen in

dogs except for one case of bone marrow depletion present in one female that died
prematurely in the 6 month study.

Lymph nodes: Depletion of lymph nodes and the thymus occurred at 2000mg/kg and is
likely secondary to physical stress.

Target Organ Study in Mice

A complete 3 month toxicity study in mice, conducted in support of carcinogenicity

studies, identified the kidney as the primary target organ. Renal pelvis dilatation with

substantial loss of parenchyma was present in males and females at 500 and 750mg/kg,

respectively, along with increased BUN and increased kidney weight. At least one death
(from 6) at 1000mg/kg is related to renal toxicity.

The LOAEL and NOAEL provide a 2 50x and 2 20x multiple of exposure at the MRHD

of 100mg.

Clinical Signs in Dogs

Some consistent neurological clinical signs were present in all the dog studies, primarily

at the high dose of 50 mg/kg. Reduced activity, hunched posture, ataxia, tremor, and

sporadic emesis were most common. Recumbency and head tilt were less commonly

observed. Respiratory distress was present in the 6 and 12 month studies, described as

abnormal and audible respiration, labored breathing, and open-mouthed breathing. These

signs typically started shortly after dosing (salivation pre-dosing) and lasted for several

hours. Shorter term studies claim that these signs dissipated with time, but longer term

studies note that the signs persisted to the end of the study. No consistent drug-related
change in gross or histopathology was observed in these studies. Reasons for the relative

intolerance ofdogs to the 50 mg/kg dose are not known.

Non-Reproducible or Eguivocal Toxicities

Skeletal Muscle Toxicity: Slight myofiber degeneration was found in [/4 male and

female dogs at the high dose in the 3 month study, and again in 1/4 high dose males in the
6 month study. Such findings were absent in the 52 week study. Note that CPK

measurements were never done which may have identified some dogs with muscle injury

not detected with histochemistry. These findings are of minimal clinical concern because

the LOAEL is a 20x multiple of clinical exposure and the incidence and severity appears
low.
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Eyelid Swelling: Eyelid swelling with lymphatic distension was observed in 2/4 high

dose males in the 15 day study. This finding was absent in all subsequent longer-term
studies. '

Footpad complications: Interdigit cysts and reddening of the footpads was common in

the 27 week and 53 weekstudies in beagle dogs, requiring intervention with cage pads or

soaking paws in Xenodyne, However, there is no clear relationship to drug treatment as

the incidence is similar in the control groups. There is no evidence that the paw 'cysts

progressed with time (as seen with DPP4 inhibitor-related skin lesions).

Lung Toxicity: Studies of 6 months duration reported that 5 rats and 1 dog in the high

dose groups died due to intubation errors. This is clearly the case for 1 rat with an

esophageal perforation; however, the cause is less certain for other early-deceased rats

with multifocal hemorrhage and pleuritis of the lungs. The early-deceased dog showed

respiratory distress prior to death and lung discoloration/necrosis upon necropsy. All

other dogs in the high dose groups of the 6 and 12 month study showed abnormal

respiration with bronchial sounds and some showed labored breathing, but none showed

histological changes to the lungs that would explain the respiratory distress.

The drug-relatedness of these events is equivocal and would require toxicity studies of

6 months duration with higher doses to provide clarity. Such studies are not needed,

however, because the LOAEL and NOAEL provide an adequate 20x and 10x multiple of

clinical exposure from a 100mg dose.

Appears This Wail
on Original
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1 Month

GLP study
#TT026420

3 Months

GLP study
#T’I‘0360 10

Lethal Dose

1000 mg/kg

250 mg/kg

Males

500 mg/kg
Females

100-200x

*20x Males

*50x Females

*eslimated

' Death at 1000 and 2000mg/kg ;
lOOOmpk: 4/60 died by drug day 10 (m+t)
2000mpk: 23/60 died by drug day 6 (mH)

Doses: 125, 250, 500, 1000, 2000 mg/kg
AUCo.14: 96, 223, 576, [130/2340 (m/f) uM*hr

Death at lOOOmg/kg:
Females: 5/15 died by drug day 5, unknown cause but

‘treatment-related’

Males: l/ 15 died on drug day 43, dilated renal pelvis;
another 4 males were found dead on days 3, 10,

16, & 75 due to ‘intubation accidents’. ,

Renal toxicity, Males 500mg/kg & Females 750mg/kg:
T BUN, T kidney weight, renal pelvis dilatation with loss

of parenchymal tissue 0

Liver toxicity, Males 1000 mg/kg (females not examined)
T AST, ALT, centrilobular hypertrophy (very slight)

No effect 5 250 mg/kg males, 5 500 mg/kg females

Doses : 75, 250, 500, 750, 1000 mg/kg
AUC0_24: Not measured

 
Appears This way

On Original
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15 Days

GLP Study
#TT020320

3 Months

GLP Study
#TT020580

High Dose
3 Months

GLP Study-
#TT020860

.> l80mg/kg
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No drug-related deaths

No drug-related change in BW, ophthalmic, hematology,
chemistry, or urinalysis. '

No drug-related change in organ weight, necropsy,
histopathology.

Doses: 20, 60, [80 mg/kg (+ placebo)
AUCH4: 14, 47, 157 uM*hr

No drug-related deaths

Salivation in all high dose males and females

No drug-related change in BW, ophthalmic, hematology,
chemistry, or urinalysis,

No drug-related change in organ weight, necropsy,
histopathology

Doses: 20, 60, 180 mg/kg (+ placebo)
AUCM; 17, 60, 192 nM‘hr 

Death at 1500 and 2000mg/kg:

Males: 1/15 dead at 1500mg/kg drug week 14; 6/15 dead
at 2000mg/kg drug week 12, renal tubular necrosis

Females: l/ 15 dead at 2000mg/kg, renal tubular necrosis

BW gain 1 14%, 25% at 1500, 2000mg/kg

Kidney toxicity: Males 2 lSOOmg/kg, Females
2000mg/kg

Males: T BUN, creatinine (5 2x), 1‘ urine volume and
protein, tubular degeneration and necrosis

Females: Tubular degeneration and necrosis

Liver toxicity: Males 2000mg/kg

Degeneration and necrosis at 2000mg/kg (m)

Hypertrophy and T weight 2 500mg/kg, dose-dependent,
males and females

T ALT, ALP (5 2x) 1000mg/kg and higher

Heart toxicity: Males 2 lSOOmg/kg
Myocardial degeneration and necrosis

 
Teeth toxici : Males, Females 2 1000m_
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lncisor thickening, ameoblast and odontoblast
degeneration

Bone Marrow: Necrosis in males 2 lSOOmg/kg

Lymphoid depletion of thymus, lymph nodes

Doses: 500, 1000, 1500, 2000 mg/kg (+ placebo)
AUG”; 493, 1120, 1540, 2310 (f) uM‘hr

No drug-related deaths.

5 deaths observed (2 HD m,f, 1 MD m) likely
gavage-related '

Salivation around dosing times in most HD and some MD
rats.

6 Months

No drug~related change in BW, ophthalmic, hematology,
GLP Study - chemistry, or urinalysis.# TT020810

No drug-related change in organ weight, necropsy,
histopathology. Lung findings noted in early-death rats .
(hemorrhage, pleuritis, esophogeal perforation).

Doses: 20, 60, 180 mg/kg (+ placebo)
AUCM4: No TK data collected; From 91 day study: 17, 60, 192 uM*hr

 
Appears This Way-
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No drug-related deaths

Salivation, l activity, hunch posture, white emesis at
SOmg/kg during week 1, dissipated week 2. '

Eyelid swelling with lymphatic distension in 2/4 high
dose males.

  15 Days.  

 
V TK data not

collected 

 

No change in BW, ophthamology, ECG, hematology,GLP Study
chemistry, urinalysis at drug day 9#TT020330

Liver toxicity: ALT T 2x in 2/4 high dose males; no
histopathology change.

No change in organ weight, necropsy, or other
histopathology.

Dares: 2, IO, 50 mg/kg (+ placebo)
AUCa.24: TK data not collected

No drug-related deaths.

Salivation, 1 activity, ataxia, recumbency, tremor at
50mg/kg, generally dissipated afier first week.

No change in BW, ophthamology, ECG, hematology,
chemistry, urinalysis. 

 

 

3 Months

No liver toxicity, eyelid swelling as'seen previously. 
 

GLP Study
#TT02627O

  
Skeletal muslce toxicity: Slight myofiber degeneration
in 1/4 males and females at 50mg/kg.

No change in organ weight, necropsy, or other
histopathology.

Dares: 2, 10, 50 mg/kg (+ placebo)
AUCM4: 10, 50, 220 EM*h/ml
 

No drug-related deaths:
Death of 1/4 high dose females ascribed to intubation
accident; prior respiratory distress and lung

10 mg/kg (based on :fmuth TK) discoloration/necrosis documented, also bone
marrow depletion and heart mineralization.

6 Months

  
 
 GLP Study

#TT020790

 Trembling, 1 activity, abnormal respiration and labored
breathing, ataxia, emesis in all 50mg/kg males and
females. Abnormal res iration in 2 10m; ; males.
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12 Months

GLP Study
#r'r020710

5x
(based on 3 month TK)
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No change in BW, ophthamology, ECG, hematology,

chemistry, urinalysis. '

No liver toxicity, eyelid swelling as seen previously.

Skeletal muscle toxicity: Slight myofiber degeneration
in 1/4 males at SOmg/kg.

No change in organ weight, necropsy, or other
histopathology.

' Doses: 2,10,50 mg/kg (+ placebo)
AUCM4: From 3 month stun : IO, 50, 220 M*h/ml

No drug-related deaths

Salivation, 1 activity, abnormal respiration and labored
breathing, emesis, recumbency, trembling in high dose
males and females within 3-5hrs ofdosing; incidence

' persisted throughout study.

BW decreased 7% to 10% in high dose males/females.

No change in ophtharnology, ECG, hematology,
chemistry, urinalysis.

No liver toxicity, eyelid swelling, or skeletal muscle

toxicity as seen previously.

No change in organ weight, necropsy, or other
histopathology.

Focal heart mineralization in 1/4 high dose females, focal

ossification ofvalve in [/4 high dose males.

Doses: 2, 10, 50 mg/kg (+ placebo)
AUCHI: From 3 month study: 10, 50, 220 uM‘h/ml
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2.6.6.4 Genetic toxicology

Genetic toxicity of Januvia was evaluated by three in vitro assays (Ames, hepatocyte

alkaline elution, and chromosome aberration) and one in vivo assay (murine

micronucleus induction).

Ames Assay: Januvia was tested using Salmonella and E.coli strains (with and without S9
mixture) up to a maximum concentration of 6000 gag/plate. The mean histidine and

tryptophan revertant values observed in these assays were not 2 fold greater than» the

negative-controls. Under conditions of this assay,'Januvia was not mutagenic.

11‘le 2(1-
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With-Sui S 9 ‘ ' "
meImu- m“1.8. . - ' Adooeiqissociisea 

Hepatocyte Alkaline Elution Assay: Januvia was tested in uninduced rat hepatocytes and
in hepatocytes from a rat induced with sodium phenobarbital (75 mg/kg/day, IP, for 4

days prior to hepatocyte harvest) and B-naphthoflavone (a single dose at 80 mg/kg, lP, 2
days prior to harvest).
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Assessable concentrations ranged from 0.3 to 2 mM Januvia. There was no significant

cytotoxicity and there were no increases in the induced elution slope of 0.020 or greater

at any soluble dose of Januvia tested. The positive controls for the assay in an uninduced

rat, aflatoxin B1 and gamma radiation, produced induced elution slopes of 0.093 and

0.163, respectively, with no significant cytotoxicity indicating that the assay was working

as expected. Under the assay conditions, Januvia did not increase DNA breaks in rat

hepatocytes suggesting that Januvia was not mutagenic in alkaline elution assay.

3mmf - «DNA SmdB’CaksfidCytozomsngatflcpamcficsJTT'EE-SztSst

 

 
 

:-Fwd-£611”DNAanalmdyflfirV
Chromosome Aberration Assqy: The test system for this assay was Chinese hamster

ovary cells (CHO cells, subclone WBL). Assessable concentrations of Januvia ranged

from ~2 to SmM for 3 hour treatments with and without S9, and 1.5 to 2mM for the 20

hour treatment without S9. Higher concentrations were excessively cytotoxic in a

preliminary assay. Cyclophosphamide and mitomycin C served as positive controls.
There was no significant increase in chromosomal aberrations under any condition. There

was a slight increase in endoreduplication (2.6%) following the 3-hr treatment with S9

compared to control (0%) but was within the historical Control range (0 to 3.4%).
Endoreduplication can occur incells spontaneously and is thought to result'fiom

inhibition of normal DNA synthesis or a temporary cell cycle block in the G2 phase.

Positive controls significantly increased chromosomal aberration in CHO cells except for

low dose mitomycin C.
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Note: The first 20-hour assay (left panel) was not scored due to excessive toxicity: A repeat study with an
optimized dose range (rightpanel) provided acceptable cytotoxicity and yielded no increase in
chromosome aberrations.
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2.6.6.5 Carcinogenicity

Brief Summary

Carcinogenic potential of MK-0431 was evaluated1n 2 year studies1n mice and rats. The
Executive Carcinogenesis Assessment Committee (Exec CAC)1n a meeting held 08 Aug
2006 concluded that both studies adequately assessed carcinogenesis. MK-0431
significantly increased 'the, incidence ofcombined liver adenoma/carcinoma in male and

female rats, and increased liver carcinomas in female rats at 500mg/kg (62x MRHD).
Non--genotoxic, chronic hepatotoxicity is the suggested etiological event but this15 based

on weak evidence of liver toxicity. MK-0431 did not produce any drug—-related tumors in
CD—1 mice up to 500mg/kg (72x MRHD).

MK—0431 poses a minimal carcinogenic risk to humans.

 

Summagg:

Sprague Dawley rats were administered daily gavage doses of placebo (2 control groups)
or Januvia at 50, 150, and 500mg/kg for 106 weeks. '

The Exec CAC agreed that the study was adequate, noting prior Exec CAC concurrence
with the doses (filed in DFS, 02 June 2003). Selection of the high dose was based on the
maximum tolerated dose (MTD) from a 14 week toxicity study, defined as

ameoblast/odontoblast degeneration at lOOOmg/kg and thickening/missing incisors at
1500mg/kg,

The Committee found that the study was positive for combined liver adenomas and
carcinomas in males and females and for liver carcinomas in females at the 500mg/kg
dose.

Evaluation oftumor findings:

Liver tumors: Hepatocellular carcinoma increased in high dose males and females, and
adeno'ma increased in high dose males. The intermediate doses did not increase tumor '

incidence. Although the high dose produced liver tumors, the response is not robust: the
incidence1n males just exceeds the historical high, tumor latency15 similar across groups,
and the mid-dose did not produce pre—neoplastic hyperplasia or hypertrophy of
hepatocytes. An exception is the incidence of liver carcinoma in high dose females,

which exceeded the historical high (12% vs. 2%) but was similar to the incidence in high
dose males (12% vs. 14%).
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n»; ,t5 ' 9:?"”C.
k?"

50mg/kg lSOmg/kg 500mg/kg

Hepatocellular 1 l 5
*Adenoma (2%) (2%) (10%) *

“Carcinoma 1 3 6 l 7o
(2%) (6%) (12%) (2%) v (14 /o)

*‘r

Carcmoma

*Statistical significance (Positive trend test)

1 Statistical significance-(hi/lo pairwise comparison)

 
 

Hepatocellular
Adenoma 

*Carcinorna

*Adenoma +
Carcinoma

Min/Max 1nc1dencelm 2%-8% 2%_12%
_ pOSlthC studies

Min/Max Incidence in

positive studies

 
Rarity of tumor = (# tumors/total # organs)* 100

lSponsor data from 14 carcinogenicity studies (1993-2005) conducted at Merck; 1677 males and 1684
females. ‘

2_ historical data1 March 1998 Report.
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Notes; Merck’s historical data comes from diet-restricted studies. Four of the 14 studies were initiated 5

years prior to starting the study with MK-0431. -_ historical data also comes from diet-
restricted rats from 26 studies.

Mechanism of Actionfor Liver Tumors: On the origin of induced liver tumors, the
Sponsor suggests that hepatic toxicity preceded tumor development. No mechanistic

studies are offered, but hepatotoxicity in a prior 13 week study is cited as predictive

evidence of liver tumorigenesis in the 2 year study. Hepatocellular injury in the 2 year

study is slight, consisting of basophilic/eosinophilic cellular alterations (both sexes) or

cystic degeneration (males only). However, the severity of hepatic findings did not

correlate with the presence of tumors. Overall, it is plausible that slight but chronic

hepatocellular1nj ury at 500mg/kg was the seminal event in tumorigenesis, but the
evidence15 weak.

MK-043l tested negative in the standard genotoxicity battery, supporting the conclusion
that hepatocellular injury and tumor development occurred by a non-genotoxic
mechanism.

 

  

 
alterationLiver

_osinophiliccellular 7_lteration
Basoph1l1c cellular
alteration

Eosinophilic cellular

Liver a—lteration

Sategy Margins: Toxicokinetic data was not collected in the 2 year study. Based on TK

data from a 14-week and a parallel 27-week study, exposure at the tumorigenic dose of

500mg/kg is 62x the MRHD of lOOmg/kg. Exposure at lSOmg/kg (NOEL for liver

tumors) is 19x the MRHD. The Sponsor makes an argument that safety margins based on

body weight is the more relevant comparison, because MK-043l has a shorter half-life in

rats than in humans (4hrs vs. 13hrs); such a comparison provides a 75-fold safety margin.
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Relevance to Human Risk: Liver tumors induced by MK-043l in rats is considered a

negligible risk to humans, based on 1) a 19—fold safety margin between the NOEL

(lSOmg/kg) and the MRHD based on AUC, and 2) there is no evidence of liver injury,

based on liver fimction tests, in patients administered 100mg for up to 1 year. ‘
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Summary

CD—l mice were administered daily gavage doses of placebo (2 control groups) or

Januvia at 50, 125, 250, or 500mg/kg for 106 weeks.

The Exec CAC agreed that the study was adequate, noting that the MTD was reached
based on renal toxicity at the high dose.

The Committee found that the study was negative for statistically significant drug
, induced tumors.

Adequacy of the carcinogenicity study and appropriateness of the test model:

Prior Exec CAC concurrence with dose selection was not obtained for the study in mice.

Thus, adequacy ofdoses used in the study is emphasized in this review.

The carcinogenic assessment in mice was adequate based on sufficient survival to allow

meaningful statistical comparisons and its achieving the maximum tolerated dose (MTD)
in males and females.

Survival and MTD _

Statistical analysis by Merck and the FDA indicates no significant difference in survival

to termination for males and females. Moderate to severe renal hydronephrosis was

present in some mice at 500mg/kg, and was cited as the cause of death for 1 female and 4

males. Thus, renal hydronephrosis appears to be the dose-limiting toxicity (i.e., MTD) in
this study.

Table l

e ,1

lZSmg/kg 250mg/kg 500mg/kg

K1dne Hydronephrosis
y mod/severe

Hydronephrosis"nun-—
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Table 2

  Dose Group ' Survival Mortality Survival Mortality

Control 1 33 (66%) 17 (34%) 35 (70%) 15 (30%)

Control 2 ' 25 (50%) 25 (50%) 32 (64%) 18 (36%)  
 

50 mg/kg 29 (58%) 21 (42%)

125 mg/kg

250 mg/kg 30 (60%) 2o (40%) 29 (58%) 21 (42%)

500 mg/kg

29 (58%) 21 (42%)

30 (60%) 20 (40%) 33 (66%) 17 (34%) 1

29 (58%) 21 (42%) 26 (52%) 24 (48%)

 
  

Evaluation of tumor findings: 7

The Exec CAC found that the study was negative for statistically significant drug induced
tumors.

Toxicokinetics: _TK data was not obtained in the 2 yr carcinogenicity study. Based on TK

data from a 5-week and a parallel 27-week study, exposure at the low and high dose is,

respectively, 6x and 72x the MRHD of lOOmg/kg. .

CD-1 Mice

(5 wk TK study) 
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2.6.6.6 Reproductive and developmental toxicology

Summary

Merck evaluated MK—04311n fertility, embryo-fetal, and pre/post-natal development

studiesin SD rats. Embryo-—fetal development was also assessedin NZ white rabbits. The

primary reviews follow this summary.

Exposure to MK-O431 in the definitive studies ranged from ~12 to 90x MRHD in the rat
and ~6 to 50x MRHD in the rabbit.

Fertility Studies

Doses of 125, 250, and 1000mg/kg MK-0431 were evaluated in male and female rats.

Resorptions and post-implantation losses increased in females dosed 250 and 1000mg/kg.

There was no effect on male fertility or sperm motility/number. The high dose of

1000mg/kg was associated with urine—stained fur in males and females, and the

' 250mg/kg dose caused a 15% decrease in body weight in males but did not effect
females. The low dose of 125mg/kg did not effect fertility of males 0r females.

Embryonic Development Studies

Rats The maternally toxic dose appears to be 1000mg/kg, though the toxicity (urine-

stained fiJr)rs certainly not dose--limiting. Skeletal findings (vertebral and rib

malformations/variations) clearly increased at IOOOmg/kg and may be considered
secondary to maternal toxicity.

The 250mg/kg dose was not toxic to rat dams. At this dose, a single fetus showed

multiple skeletal vertebral findings, including a malformation (unspecified Cervical-
vertebra), incomplete ossification of thoracic vertebra and stemebra, sacral vertebra

variation and supemumerary rib. The incidence of incomplete ossification of thoracic

vertebrae at 250mg/kg was increased relative to the concurrent control, but was well
within the historical control range.

Rabbit: The maternally toxic dose was 500mg/kg, defined by weight "loss, reduced

food intake, and several deaths. No fetuses from this dose group were evaluated.

Doses of 62.5 and 125mg/kg were not toxic to rabbit dams. At 125mg/kg, one pup had

multiple cardiovascular malformations, and the incidence of absent caudate lobe of lung

slightly increased to 2.9% from 2.0% in contrbl. A tail malformation was also reported at V

125mg/kg in a prior dose-ranging study (clubbed foot malformation also present in

control group). Hemorrhagic ovary was present in 2.7% of pups at 62.5mg/kg. These

findings are either a single occurrence, Similar in incidence to the control group, or not

dose-dependent. A relation to drug treatment is not clear.
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Post-natal Development Studies

, Matemally toxic doses appear to be 250 and 1000mg/kg, defined by a transient 15%
to 18% reduction in weight gain at both doses from GD6 to GD12 concomitant with an
8% reduction in food intake at GD8, and urine—stained fur at 1000mg/kg. Findings at

these maternally toxic doses include a possible increase in pup mortality from LD3 to
LD21 at both doses, and 10% reduced body weight at lOOOmg/kg that persisted to the

post-weaning stage. Notably, skeletal and visceral examinations were not done in F1
pups, only external'examinations.

The l25mg/kg dose was not toxic to dams. At this dose, the number of F1 litters with
dead pups by LD3 increased to 6 versus 4 in control concomitant with more pup deaths (9
vs. 41n control). However, the number of F1 litters with dead pups at higher doses was

equal to the control group (ie., no dose—dependence). One Fl pup at 125 mg/kg had a
polydactyly external malformation, though no malformations were reported at higher
doses. Mating and reproduction of the F1 generation was not effected by drug treatment.

The F2 generation did not show differences vs. control on clinical signs, body weight,
viability, or external malformations/variations.

Toxicokinetic Studies

Toxicokinetic studies in pregnant]lactating rats and rabbits indicate that MK-O431

crosses the placenta (44-80% in rats, 30—66% in rabbits), and is excreted in maternal milk
(rats, 421 milkzplasma ratio). Thus, rodent fetuses are exposed to MK—0431 during
gestation and weaning.
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FERTILITY AND EARLY EMBRYONIC DEVELOPMENT

v. ‘,,; flung» fif:e \
125, 250, 1000 mg/kg

  

Key study findings:

0 Drug-related urine staining of the fur seen in most females at 1000mg/kg.

o Doses of 125 and 250mg/kg were not toxic to females.

0 The number of females with resorptions increased at 250 and lOOOmg/kg, with l

to 2 individuals showing higher-than-average resorptions. Late resorptions were

also higher at 1000mg/kg.

o Post-implantation loss increased at 250 and 1000mg/kg, with 3 females in each

dose group showing higher-than—average losses.

Adverse Effect '

General Toxicity 7
_ Urine-stained 1hr 250 mg/kg No TK -

M.” 

Fertility

T females with resorptions at 250/1000mpk
T late reso tions 1000m.k

 
Study no.2 02-728-0

'Volume #, and page #: NDA eCTD

Conducting laboratory and location: MRL, West Point, PA

Date of study initiation: 05 Sept 2006 -

GLP compliance: Yes

QA reports: yes ( x) no ( )

Drug, lot #, and % purity: MK-0431, lot L-000224715-006F016, purity —-" HPLC
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Methods

Doses: 125, 250, 1000 mg/kg and placebo 

Species/source SD rats,

Number/sex/ rou ‘- 24 females er dose rou
jmain study) p g p

Route formulation

dose volume

 

 

Oral gavage of drug in 0.5% MC/5 mM HCl; 5ml/kg dose volume

Dosed 14 da 5 nrior to matin; to GD7; C-section on GD 15-17
Toxicokinetic

groups
Not done

 
 

P meters and endoints evaluated:

 
 

Mortality & cageside observations Daily checks

Clinical examination Physical signs only 

Body weight Every 2-4 days during dosing, through to GDlS

. Over 4 day intervals: pro-mating 1-5 and 8-12;

Breedin rocedure' 20 night co—habitation of 1 male and 1 female;
_g p sperm in lavage or seminal plug defined GDO

Macrosco ic Thoracic and abdomimal visceral necropsyvdone
p - on all F0 females (not extensive)

All females; implants classified as live, dead, orUterine & Ovarian exams
resorbed. 

Sperm analysis Not done 
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Results

Mortaligl: No drug-related mortalities.

Female-02-7780 in the 250mg/kg group was found dead on GD6 (end ofdosing period).

A necropsy uncovered a hemothorax and discolored lung, consistent with an intubation

accident. The reviewer agrees with this diagnosis.

Clinical signs: Urine-stained fill‘ was observed at lOOOmg/kg during the mating and

gestational periods. This is related to drug and was observed in most females at this dose. -

Body weight: Body weights were unaffected by treatment.

Food consumption: Food consumption was unaffected by treatment.

Toxicokinetics: not collected

Necropsy:

Macroscopic observations: No drug-related findings were reported. A tan mass on the

kidney consistent with nephroblastoma was reported in one low—dose female; the

occurrence of this renal tumor is stated to be consistent with Merck’s historical data for a

control rat population (data not shown).

Organ weights: Organ weights not collected.

Estrous Cycle Effects: Not evaluated

Fertility parameters (mating/fertilipy index, cogpora lutea, preimplantation loss, etc. ):_

Fertility: All mated females were impregnated with no apparent drug-related change in
the time to mating (Table 4).
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Uterine Examination: One to tWo females per group were not evaluatedbecause only

estimates were available for GDO. The number of corpora lutea and implants were not

affected by treatment.

The number of females with resorptions increased at 250 and lOOOmg/kg compared to

control. One female at 250mg/kg and two females at lOOOmg/kg had atypically high

numbers of resorptions compared to the group mean (Table 5a).

Post-implantation loss increased at 250 and lOOOmg/kg due to higher-than—average losses

in 3 females in each dose group.
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'5ch

. 135, 
Key study findings:

- Urine-stained fur in most lOOOmg/kg males.

0 Body weight decreased dose-dependently at all doses, with a [5% and 20%

decrease in 250mg/kg and lOOOmg/kg males by drug week 8 compared to control
males.

' 0 There was no drug-related effect on male fertility 0r sperm motility/head count.

0 Results from uterine examinations of females mated with dosed males were

unremarkable.

 
 

Adverse Effect f

Genera] .. . .. ,, , . .,

125 mg/kg NoTK

Study n0.: 03-715-0
Volume #, and page #: NDA eCTD

Conducting laboratory and location: 'MRL, West Point, PA

Date ofstudy initiation: 02 April 2003

GLP compliance: Yes

QA reports: yes ( x) no ( )

Drug, lot #, and % purity: MK-043 1, lot L-000224715-006F020, purity ~——--'

 
 

 
 
 

Urine-stained fur

 
 

BWl 15-20% at 250 and

Fertility _ No Findings  
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Methods

. Doses:

Species/source SD rats, from

Number/sex/ rou : 24 males er dose rou ’
jmain study! p g p _

oral gavage of drug in 0.5% MC/S mM HCl , 5 ml/kg dose volume

 

  1'25, 250, 1000 mg/kg and placebo     

 

 

  

  
  

 

 
 

 

  

 

Route formulation

dose volume Males dosed for 29 days prior to cohabitation, during cohabitation, and

until 1 da nrior to sacrifice. A rox. 8 weeks total dosin_ eriod

gl‘O [25 '

 

  

 

 

 
Parameters and end-oints evaluated:

 
 

Mortality & cageside observations Daily checks

Clinical examination Physical signs only 

Twice weekly for males
Body weight Premating day l and GD 0, 7, 15 for females 

Food consumption I Twice weekly, looked atfeeder cups 

After 4 weeks of drug treatment, males were
cohabitated with females in a 1:1 ratio.

Breeding procedure Cohabitation was limited to 10 nights, and the
female was replaced on the 5th night if there was

' no evidence of breedin-

Macroscopic _

o Testes

Organ weights 0 Lefi; cauda epididymis for normalizing

' sperm count by grams of tissue

Samples from 16 males/group; at least 150 cells

per male were analyzed for motility. Head counts

were also done on bisbenzimide—stained samples.

Placebo and high dose grougevaluated
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Mortaligg; None

Clinical signs: S-alivation in some 250mg/kg males and most lOOOmg/kg males likely

related to poor drug palatability; no emesis reported. Urine-stained fur was observed in

most lOOOmg/kg males within 2-10 days of treatment.

Body weight: Body weight dose—dependently decreased at all doses compared to control

males By drug week 8, body weight was ~15% and 20% lower at 250mg/kg and

lOOOmg/kg compared to control.

FmAd. WENfiS: Oral fertility Studyin Male Rats 1‘? £03-Hi4)
I 8 Average Bock"W“tight: (Gums) ccMale:

ashamed£49,“ 
Food consumption: Food consumption was not effected by treatment despite reduced

weight gain.

Toxicokinetics: Not collected.

Necropsy:

Macroscopic observations: There were no drug-related gross changes.

Organ weights: There was no drug-related change in testicular weight.

Testes and the right epididymis from control and lOOOmg/kg males showed unremarkable

histomorphology.

64



Reviewer: Todd Bourcier NDA No. 21,995

Fertilit arameters matin /fertili index cor oralutea reim lantation loss etc. :

Fertility: There was no drug-related effect on mating, fecundity, or fertility indices

(Table 4).
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Uterine Examination: There was no drulg¥related effect on the number of corpora lutea,
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Sperm Evaluation: There was no drug-related effect on sperm count and motility.
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Embryofetal development

Study TI‘ 02-721-5 (non-GLP)

SD Rats, pregnant

Dosed from GD6 to LD20

125, 250, 500, 1000 mg/kg ,_ ” ,- ‘_ z: =1 Hima- . -

n=lO females per dose group

Laaratom data not obtained (e.g., pre/post-implant losses)
 

Results for Dams  

Mortality: N0 drug-related deaths were reported.

One control female died during orbital bleeding, and one 250mg/kg female was sacrificed due to

abnormal respiratory sounds and decreased activity. Similar findings were not seen at 500 or

lOOOmg/kg, and are thus considered unrelated to treatment.

Clinical Signs: Urine—stained fill‘ was observed in 4/10 females at 1000mg/kg, possibly secondary
to renal dysfunction. Excessivesalivation Was alsonoted at 500 and lOOOmg/kg that likely reflects

poor drug palatability.

Body Weight: There Was no drug-related change in body weight or food consumption.

Hematology: There was no drug—related change in RBC or WBC parameters. 

Clinical Chemistgy: There was no drug-related change in renal markers, LFT, serum protein,

electrolytes, or serum lipids. 

Reproductive Performance: All surviving females gave birth to a similar number of live pups;

there was no drug-related increase in the number of dead pups at delivery or at postpartum day 2 L
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Results for F1 Pups

Mortality: There were no drug-related deaths at delivery or at LD21. I »

Clinical Signs: There were no drug-related clinical signs'reported.

External Exam: No external malformations or variations were reported (i.e., Merck recorded ‘0’
for both measures in-all dose groups from a total of 667 pups examined.

Body Weight: Pup body weight at 500 and lOOOmg/kg lagged behind lower dose groups and the

control groups despite equal body weight at birth. The lag appears dose-dependent, about 5% and

9% below control at 500 and 1000mg/kg, respectively.
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£125, 250, lOOlTing/kg

Key study findings:
Dams

o Maternal toxicity present at lOOOmg/kg, defined by urine-stained fur.

 

Fetuses 

o The number of live fetuses, the sex ratio, and fetal body weight did not differ with
treatment from controls. '

o The number of litters and fetuses with skeletal malformations increased at

lOOOmg/kg. Findings include a malformed cervical vertebra, absent vertebra,

absent rib, and hypoplastic rib. The incidence is in the upper end of the historical
range.

0 The incidence of wavy ribs, a skeletal variation, also increased at lOOOmg/kg. The

incidence of 1.5% exceeds the historical range of up to 0.27%.

0 External and visceral findings are conspicuously low in this study.

NOAEL Determination

The maternally toxic dose appears to be lOOOmg/kg, though the toxicity (urine-stained

fur) is certainly not dose-limiting. Skeletal findings (malformations/variations) clearly
increased at IOOOmg/kg and may be considered secondary to maternal toxicity.

The 250mg/kg dose was not toxic to dams. At this dose, a single fetus showed multiple

skeletal vertebral findings, including a malformation (cervical vertebra), incomplete

. ossification of thoracic vertebra and stemebra, sacral vertebra variation, and

supemumerary rib, but theirincidence was within the historical control range. The
incidence of incomplete ossification of thoracic vertebrae at 250mg/kg was increased

relative to the concurrent control, but was well within the historical control range.
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Adverse Effect

Dams

Urine-stained fiJr suggestive of renal
im .airment (*276uM*h)_

Fetuses .

250 mg/kg

T skeletal malformations/variations at (*121-220uM*h)
1000mg/kg vs. concurrent control group

*AUC fi‘om study # TT 03-717—0 done in pregnant SD rats. Fetal exposure based on 44% to 88% of
exposure in dams (from same study):

 
Study no.2 TT 02—721-0

Volume #, and page #: NDA eCTD

Conducting laboratory and location: MRL, West Point, PA

Date of study initiation: 05 Sept 2002

GLP compliance: Yes

QA reports: yes ( x) no ( )

Drug, lot #, and % purity: MK-043l anhydrous phosphate salt; lot L-000224715-

006F016; purity —’—'

Methods
 

Doses: 125, 250, 1000 mg/kg and placebo

Number/sex! rou : 22 females er rou
gmain study) p g p

 

‘Oral gavage ofdrug in0.5% MC/SmM HCl; 5 kag dose volume.Route formulation

W Females dosed from GD6 to GD20
Toxicokinetic

groups
TK data not collected I
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Cageside observations & clinical
exams ' Physical signs daily from GD6 to GD21

BW every other day from GD6; to GD21 (dosing
Body weight & food consumption period) and on GDO; food consumption recorded

over 2 da intervals durin; dosin

‘0' E"

Maternal necro s Thoracic and abdominal Viscera examined from i
p y ' all females on GD21 '

 

Ovarian/Uterine examinations Pregnancy status and # corpora lutea determined

Placental examination Gross examination

All fetuses weighed and sexed

All fetuses given external examination

Teratologic (Fetal) examination Half of fetuses given visceral exam

Half of fetuses given coronal head exam

All fetuses iven skeletal exam

 
Results

Mortality (dams 1: None

Clinical signs (dams): Urine staining of fur in 50% of lOOOmg/kg females during the

dosing period starting at GD7. No other drug—related findings recorded; f

Body weight (dams): Female body weight was unaffected by treatment.

TABLE 2. L-000224715:
 

 

  
 

 

:3" RAW cabin: 1 ‘7

"1935'!“ mu Esa"‘t‘o“D—'—" *‘"‘ 

barracks. , 33 .1 (gang;

'Iuiirsi'alarr 1 Hi {:17

hays {1-21 _ 17s .5 >20 ’

Meatloaf-star:imamms mm; mvfiwwmggmavmmw: 

Food consumption (dams): Food consumption was unaffected by treatment.

Necropsy of Dams: There were no treatment—related gross necropsy changes in the study
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Terminal and necroscopic evaluationszC-section data (implantation sites, pre- and post-
implantation loss, etc. 2:

No differences are observed from the control group. The slightly higher incidence of

resorptions at lOOOmg/kg would have occurred prior to initiating dose administration at

GD6, and are therefore not related to drug.

 
Control ' 125 mg/kg 250 mg/kg 1000 mg/kg 

NN# on study NN

NN NN N NN

N NN

# pregnant

# died pregnant  
 

# early delivery

# with total resorption

# females with

resorptions

# with viable fetuses at

GD29
NN   NIIN NN

Uterine/Ovarian Exam: See Table 4 below

Pre-implantation loss was similar across all dose groups; no change in the number of

implants or corpora lutea.

The incidence of females with resorptions increased from 4 in control to 9 in the

lOOOmg/kg group, but without an increase in the average number of resorptions per

female (S 3). Two late resorptions were observed in the 1000mg/kg groups compared to

none for the lower dose groups.

The number of live fetuses, the sex ratio, and fetal body weight did not differ with
treatment from controls.

Placental Morphology: The only placental abnormality from ~320 placentas/groups was

identified in one placenta from a late resorption in the 1000 mg/kg group. The nature of

the abnormality was not described. '

72



Reviewer: Todd Bourcier NDA N0. 21 995 
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Offspring imalformations, variations, etc. 1:

External malformations and variations: No external malformations or variations were

found in any group (Table 5).
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Visceral malformations and variations: No drug-related visceral malformations or

variations were reported. The overall incidence of visceral findings18 remarkably low.
(Table 6)

  [autism a. . n—oooaznz‘s: brat-ngéelg'spnenéal ekicicy s' dairies” '.‘1‘1’7§.62r:‘l21-tl,fry .0: ' ' ,.
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reugn'Variation “ V
 

Coronal Examination: No malformations/variations were found in coronal sections of the

head. (Table 7)
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Skeletal malformations and variations:

Malformations: There is an apparent dose-dependent increase in the number of fetuses

andlitters with skeletal malformations at 250 and lOOOmg/kg. The increase is most

apparent at lOOOmg/kg with 4 malformations present compared to none in the controls.

The incidence is in the upper end ofthe historical range (see Sponsor’s table below).

In the 250mg/kg group, a single pup (#07) from female 02-7663 had multiple skeletal
findings, including the malformation (cervical vertebra), incomplete ossification of

thoracic vertebra and stemebra, sacral vertebra variation, and supemumerary rib.

Variations: The incidence of wavy ribs increased at lOOOmg/kg (5 incidents, 1.5%)

compared to none in controls, and exceeds the historical highof 0.27%.

0ssifzcati0n: Incomplete ossification of the thoracic vertebra was more frequent at 250

and lOOOmg/kg; however, the incidence is well within the historical control range.
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Control . lZSmg/kg 250mg/kg » lOOOmg/kg
n=326 n=33 1 n=342 n=343

' /

# fetusesvllth . 0 1(0.3%) 8 (2.4%)
malformat1ons

# litters with o——— 444444 44444
Cervical vertebra

malformation not specified) — l (03%)1 (03%)

---- um

Control 125mg/kg 250mg/kg lOOOmg/kg

n=326 n=33l ' ' n=342 n=343

33 —-

# litters with variations l6 —_)
_--- so

Control lZSmg/kg 250mg/kg lOOOmg/kg

n=326 n=33l 11—:—342 —=343# fetuses with incomplete l7
ossification

 

 

 

 
 

  

  
  

 
 

  
 

 
 

 

 

 
 
 

 

    
 

 

 

 
 
 

# fetuses with variations

 

 

 

#litters with incomplete 6
ossification

_-— w m»
_--- [(0.6%)

 
75



Reviewer: Todd Bourcier NDA No. 21 995 

Historical Control data from Sgonsor, spanning 1998-2002.
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Study TT 02-722-5 (non-GLP)

NZ White Rabbits

62.5, 125, 250, 500mg/kg
Dosed GD7 to GD20

n=10 females per dose I

Mortality: One 500mg/kg female sacrificed on GD25 following a spontaneous abortion. This

female lost 15% body weightand foOd intake was reduced to nearly zero. Death is considered

treatment-related although the cause was not determined.

Clinical Signs: N0 drug-related physical signs were reported.

Body Weight: Excluding the sacrificed female, weight gain at 500mg/kg (+159g) was similar to
the control group (+163 g). Lower dose groups were also comparable to control.

Food Cons.: Food intake decreased 6 to 16% in 500mg/kg females (excluding the sacrificed

female) during the dosing phase. Food intake rebounded after dosing ended, indicating a drug—

related cause. Lower dose groups were comparable to control.

Hematology: There'was no drug-related change in RBC or WBC parameters

Clinical Chem: There was no drug-related change in LFT, renal markers, electrolytes, or serum
proteins. Serum triglycerides and cholesterol tended to increase at 500mg/kg. 

Placental Morphology: Gross examination revealed one abnormal placenta from 66 evaluated.

Laparotomy Dat : No drug-related effect on pre- or post-implantation loss, resorptions, the

number of live fetuses, or fetal body weight. '
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External Fetal Exam: A tail malformationin one fetus15 reported at 125mg/kg, and a clubbed
hindfootin one control fetus.

= u-‘cndn’nu: .oraw man-FMM‘mngimm-r mm 1111919224 .
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Study 'IT 02-722-6 (non-GLP)

_ NZ White Rabbits

Oral gavage for 14 days

25, 75, 225, 675 mg/kg

n=6 females per dose group

Mortalig: One female at 675 mg/kg was found dead on drug day 9; the dose group was

terminated on drug day 10 due to body weight loss and decreased food consumption.

Clinical Signs: No clinical signs were reported at 5 225mg/kg.

Body Weight: Body weight decreased at 675 mg/kg starting on drug day 3, dropping 249g (~7%)

by drug day 9. Lower dose groups were comparable to control with an average ~50g weight gain.

Food Consump. Food intake decreased at 675mg/kg starting on drug days 2-3, dropping nearly
50% by drug day 5. Lower dose groups were comparable to control at 125g/day (diet-restricted).

Hematology: There was no significant change in RBC or WBC parameters at S 225mg/kg.
(675mg/kg group not evaluated) ‘

Clinical Chemistgy: There was no significant change in LFT, renal markers, electrolytes, or
serum proteins at S 225mg/kg. (675mg/kg group not evaluated)

No necropsy, histology, or TK data obtained.
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  $1?“ a
62.5, 125, 500mg/kg

Key study findings:
Dams 

o The SOOmg/kg group was terminated on GD18 due to deaths, weight loss, and
reduced food intake.

0 Laparatomy and fetal data was not collected for the 500mg/kg group.

0 The next highest dose of lZSmg/kg did not produce any sign of maternal toxicity.

Fetuses

- Findings include diffuse hemorrhagic ovary in 2.7% of pups at 62.5mg/kg,

multiple cardiovascular malformations in l pup at lZSmg/kg, and absent caudate

lobe of lung at slightly increased incidence at 125mg/kg (2.9% vs. 2.0% in

control).

NOAEL Determination

The dose-ranging study in pregnant females predicted deaths in the current study, but

Merck nonetheless terminated the dose group after the first 2 deaths late in the study.

Terminating the 500mg/kg group was not necessary, as the surviving 500mg/kg females

showed no physical signs other than reduced body weight and food consumption.

The few fetal findings at maternally non-toxic doses are either not dose-dependent
(hemorrhagic ovary), a single occurrence (cardiovascular malformations), or similar in

incidence to the control group (lung findings). None are considered related to drug
treatment. '

.c . .

Adverse Effect

Death at 500mg/kg 125mg/kg

No effects at lZSmg/kg (*189 uM*h)

Fetuses .
None examined at 500mg/kg > lZSmg/kg
No drug-related effects at 125mg/kg (*57'125 HM“)

 
*AUC from study # TT 03-716-0 done in pregnant SD rats. Fetal exposure based on 30% to 66% of
exposure in dams (from same study).
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Study no.: TT 02-722-0

Volume #, and page #: NDA eCTD

Conducting laboratory and location: MRL, West Point, PA

Date of study initiation: 23 Oct 2002

GLP compliance: yes

QA reports: yes ( x) no ( )

Drug, lot #, and % purity: MK-0431 anhydrous phosphate salt; lot L-000224715-
006F020; purity"""

Methods

625, 125, 500 mg/kg and placebo

pecies/source Rabbit, New Zealand White from

N_u____g__p_mber/sex/rou

gmain study}

 

18 females per dose group

oral gavage of drug in 0.5% MC/ 5 mM HCl, 5ml/kg dose volume

 

Route formulation

W Dosed from GD7 to GD 20

groups

CageSIde observations & clinical ‘ Daily during gestation
exams 7

TK data not collected
 

 

BW on GDO, then every other day starting at GD7

Body weight & food consumption FC measured over 2 day intervals during

gestation

Ovarian/Uterine examinations Pregnancy status/corpora lutea number recorded 

Placenta from 1 female in the control and

125mg/kg group was examined microscopically;

Placental examination

Other placentas were given a gross examination.

External, visceral, skeletal, coronal examinations
Teratologlc (Fetal) examination done on all fetuses.
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Results

Note: The 500mg/kg group was terminated early (GD18) due to early death, reduced

body weight andfood consumption, and the lack offeces in some individuals.

Laparatomy andfiztal data were not collectedfor this dose group.

Mortalig (dams): Three 500mg/kg females were found dead, one on GD9 and two on

GD16. One death was caused by a intubation accident, the other two are considered
treatment-related.

Clinical signs (dams 1: In the 500mg/kg group, no feces were noted in 4/17 females

between GD 13 and GD18. No physical signs were reported in lower dose groups.

BOdy weight (damszz Body weight increased approx. 120g in control, 625, and

125mg/kg females by GD28. Body weight decreased 108g by GDISin 500mg/kg
females. (Table 2)

f""151KE1141272. L— 0002247 5“ Ora-1 Developmental Toxicit.1;! Study in Rabbits -'f‘1‘~#0252. 9
AuezageMaterial Body Wei c, Chémgas (Grants 13.15.3 of
 
 
  

 

 

 
 

 

"magnum GROUPh

  67(171 _ ~ 29 1 mm

 
 

' . a: 61 113 i 72

  17:7- 145 g 75    
I , 90- 134 t 53, 146it _56 

     SE VINDIVIDUALH >  9110017611225; APPEARS aim 1891mm? Pacupni-zvrwsn

Food consumption (damslz Food intake remained relatively constant at 120g/day in

doses up to l25mg/kg; however, food intake decreased 50% in 500mg/kg females by
GDIO.

Necropsy of Dams: No changes were seen in dams up to 125mg/kg (high dose females

not examined). Necrotic placental sites in the left uterine horn ofone female at

lZSmg/kg (#02-02830) was considered unrelated to treatment and consistent with

spontaneous resorptions. The right horn of this animal contained normal placental sites.

Implantation data for this animal is consistent with other females in the dose group.

Placental morphology was unchanged, except for the case described above. Histological

examination of 1 placenta from control and 125mg/kg group showed no change. ,
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Terminal and necroscopic evaluations: C—section data gimglantation sites, pre- and post-
imglantation loss, etc. 2:

There was no change in pre— or post—implantation losses, the number of live fetuses, the
sex ratio, or fetal body weight. (Table 4) -

.1. 060234115; oral parchment“ ToxicityStudy in Ramsey.rash: 4.,.'
j -- . . Summary of [.3me (Me:  
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Offspring (malformations, variations, etc. 1:

External malformations and variations: Omphalocele was reported in l fetus at 62.5
mg/kg. (from female 02-0805)

  

WITHMALE‘ORKATICWS (t)
_VAFIPTIONS (9:, L. M. isD. 3

TH VARIATIONS (H

Tail Malformation

 

(L. M) - LITTER MEAN (M) - l‘ialf'omatlon ,
a NUMBERS 1N PARENTHESES REPRESENT PLACENFAS FROM DEAD, EETUSES0R LAT-,-
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Visceral malformations and variations: See Table 6

l. Diffusely hemorrhagic ovaryis reported for 4 pups from 2 females at 62.5mg/kg.
Hemorrhage is reported in some organs for some DPP4 inhibitors.

2. Multiple cardiovascular malformations are reported for a single fetus in the

125mg/kg group.

3. The incidence of absent caudate lobe of lung increased at lZSrng/kg (2.9% vs
2.0%in control).

 

 

TABLE 6. L-ooozz471‘5: .‘oxar 'Deveigpmenral» Torrie '

 

'I‘REATMENT snour: V 1 Isz-uié' kg'xday‘ ‘ '

 
 

THORACIC AND: ABDOMINAL EXAMINATIQN
TOTAL LITTERS EXAMINED ..
LIVE FETUS ES/LITTE .
'DEAD FETUSES/.Lr.TrERs ITH DEAD FETUSES

:LI‘TI‘HRS WITH MALFQRMAV oils (9:) ‘
LITrERs EUR VARIATIONS (fey 1'

 

TYPE AND NUMBER OF .' -- 5FETAL ALTERATIONS H ,.L M.-is. D. )
Pérsistent Atriovenjt. Canal
Persistent TLmCus Arteriosus
Abnormal Origin Subc Art.
Absent Azygos‘ Vein . . »
Vena Cava Malformation
Retroca‘val Ureter
Absant Gallbaldde‘r
Carotid Branching Varlatlon
Diffusely HemorrhagicKldnev
Diffusely Hemorrhagic OvarySmall Gallbladder '
Absent Candace Lobe of LungDiscolore‘d Liver

'Splenic Variation '
 

. (L. M. l. LITTER MEAN

a MULTIPLE MALFORMATIQNS. OBSERVEDIN HE S .E
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Skeletal malformations and variations: See Table 8

The incidence of pelvic bone variation is increased at 62.5 and 125mg/kg (1.5% and

1.3% respectively) compared to 0% in the control group.
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Coronal malformations and variations: See Table 7
.Hydr0cephalus was reported for l fetus at 62.5mg/kg (from female 02—0804).
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Prenatal and postnatal development

   

125, 250, lOOOmg/kg

Key study findings:

F0 Generation

Maternally toxic doses are 250 and lOOOmg/kg; the maternally non-toxic dose is
125mg/kg.

Maternal toxicity is evidenced by:

1.. Urine-stained fur at lOOOmg/kg

2. Transient (GD6-12) 15% to 18% decrease in body weight gain at 250 and
‘ lOOOmg/kg. '

3. Transient (GD8) 8% to 12% decrease in food intake at 250 and lOOOmg/kg.

F1 Generation

Effects at 250/1000mg/kg {maternally toxic dose):

1. Death of 4 pups from 2 dams at 250mg/kg and 8 pups from] dam at lOOOmg/kg
on LD11-21.

2. Reduced body weight (10%) at lOOOmg/kg persisting to the post-weaning stage.

3. Longer passive avoidance test scores at 250/1000mg/kg during session 1 but not
session 2 assays.

Effects at 125mg/kg (maternally non-toxic dose):

1. The number of litters with dead pups by L'D3 increased to 6 versus 4 in control,

concomitant with more pup deaths at lZSmg/kg (9 vs. 4 in control).

2. One pup had a polydactyly external malformation (none reported at
250/1000mg/kg).

' F2 Generation _
There were no differences from control on clinical signs, body weight, viability, or
external malformations/variation in F2 newborns, which were subsequently sacked on .
LDO.
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Other comments:

Visceral and skeletal malformations/variations were not assessed in the F1 generation.

The study text and pathologist’s report differ markedly in describing the timing and type
ofdeaths observed in this study. The relation of these deaths to drug treatment is

therefore unclear, despite Merck’s dismissal of the deaths as Unrelated to drug.

1. F0 Female #3764 (lOOOmg/kg) was either euthanized on LD 13 after losing 8 pups
or was found dead on post-natal day 30. The study report differs from the

pathologist’s report on this animal. Either case does not exclude a relation to drug
treatment.

2. F0 Female #3766 ofthe lOOOmg/kg group was ‘inadvertently’ killed on LD20
without explanation. This female gave birth to the fewest newborns of the dose

group (9 vs. 14.5 group average).

3. F l female #4593 from the lOOOmg/kg group was found dead either during post—
weaning week 3 or on gestational day 13. Again, accounts differ in the text and
pathologist’s report. A relation to drug treatment is uncertain though unlikely.

1 BW gain at 250/ lOOOmg/kg 125 mg/kg No TK* .

Urine stained fur, possible death at (est. 125 “M h) (est. 12x)
lOOOmg/kg

F1 Generation

l BW at lOOOmg/kg Fl exposure to drug unknown
T pup deaths 250/ lOOOmg/kg by LD2l

F2 Generation

7 No Findings . i not applicable

 
Study no.2 TT 03-714-0

Volume #, and page #: NDA eCTD

Conducting laboratory and location: MRL, West Point, PA

Date of study initiation: 03 April 2003

GLP compliance: Yes

QA reports: yes ( x) no ( )
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Drug, lot #, and % purity: MK-043l anhydrous phosphate salt; lot L-000224715-006F020; -—-
purity -

Methods

' 125, 250, lOOOmg/kg and placebo-
, Doses:

Dosed GD6 to LD20 

SD rats from —'\ V

Number/sex] mu 5 22 females er dose rou
(main study! p g p

____,________,Routeformulation Oral gavage ofdrug in 0.5% MC/S mM HCl; Sml/kg dose volume

 
   

dose volume

Toxicokinetic‘
m None

groups - ,

Experimental Design:

Evaluation ofF0 Dams:
0- Physical exam

Body weight and food consumption

Ophthalmic exam ’

Parturition and gestation length

Necropsy of all dams on LD21/22

Evaluation ofF1 Generation: - _

o On LDO, all pups were counted, sexed, weighed, and examined for external
anomalies only.

0 On LD3, litters reduced to 4 males, 4 females

Physical signs and body weights monitored to LD21

- On LD22, 2 pups per sex were re-housed

' Physical signs and body weights monitored
Developmental signs

Ophthalmologic exam

Behavioral assessment (1 male, 1 female per litter)
Mated on post-natal week 11/ 12
Parturition monitored

Evaluation ofF2 Generation:

0 On LDO, pups were counted, weighed, sexed, examined for external anomalies,

and mortality was recorded. All pups were sacrificed on LDO.
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Results

F0 Generation

F0 in-life:

Mortality: Merck states that there was no drug-related mortality. One lOOOmg/kg female

(#3 764) was euthanized on LD13 because there were no surviving pups in that litter by

LD14, but this is contradicted by the pathologist’s report (see below). Another high dose '

female (#3 766) was inadvertently killed on LD20.

Note that the pathologist’s report lists female #3 764 as having been found dead on post- I
natal day 30. This conflicts with the summary report and with the protocol stating that all

F0 females were sacrificed on LD21/22. The pathologist states that ‘the cause of death of

found dead animals (incl. #3764) was not determined’. This animal was reportedly

sacrificed by C02 asphyxiation on LD13. This discrepancy clearly demonstrates an

internal problem with tracking of rats in this study.

Clinical Signs: Urine-stained fur was observed in 50% of females at lOOOmg/kg, possibly

‘ related to renal dysfunction though not verified. Salivation was noted at 125mg/kg and

above, related to the poor palatability of the drug formulation.

Boajz Weight (Table 2): Body weight gain decreased 15% and 18% in the 250 and 1000
mg/kg groups during the first week of dosing, GD6 to GD12. Thereafter, body weight

gain was similar to or greater than the control group for the remaining dosing period, to
LD21.

 
Food Consumption: Food consumption decreased slightly (8-12%) at 250 and lOOOmg/kg
on day 8 of gestation. Thereafter, food intake did not differ from the control group up
through the dosing period to LD21.
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F0 necropsy: Gross examination of the thoracic and abdominal viscera showed no effect

of treatment compared to the control group. Necropsy done on LD21/22.

F0 Reproductive Performance: The length of gestation is similar1n all groups (22.2 to

22. 3 days). The number of live/dead newbornsIs not changed by treatment (below and
Table 5)

  

# Metrial glands/female 

# live newborns 
 
 

 
 
 

Table ‘5 11-9002"! 7151‘ '

  

 
 

 

:Pmrn'samme's . p .

11311211111. 53.22505 may. FEMALE: 5n. , 15.5.; 1.3 . 15.51215 "1: ' 7 15.31 .21.; .
' *.raa.'o115;_4.; ‘ ' 

 
5 'POSTIHPLANTATION SURVIVAL (L. H i t S D 19.311011

  
FBI-mus"in; Live nip "9111" a nomanm

a Female #3766 inadvertently killed on LDZO excluded from analysis
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F1 Weaning Period

FI Viability to LDZI: Newborn deaths by LD3 is slightly higher in all dose groups

compared to control (below and Table 5a). The number of litters effected15 higher at
125mg/kg but equal to contro1 at 250 and lOOOmg/kg. The average number of live pups
per litter up to post-natal day 7is comparable across groups.

Additional deaths are reported at 250 and lOOOmg/kg during LD4 to LD21 with an

uncertain relation to drug treatment. Also, the average number of live pups per litter

slightly decreased at 250 and lOOOmg/kg by post-natal day 21 (7.8 and 7.6 versus 8.0

pups/litter in control). '

At 250mg/kg, 3 of4 deaths were sacrifices of moribund pups from a single dam on LD21.

No details are given as to the nature, of the moribund condition; these pups had no '

external anomaly on LDO.

At 1000mg/kg, 8 pups were found dead or missing (2) from a single dam on LD11-13.

The dam (#3 764) was presumably sacrificed on LDl3. Merck dismisses the finding

because only 1 of 22 dams lost these 8 pups, a somewhat unconvincing argument. The

reason for the deaths was not discussed. An uncertain relationship to drug treatment is a
more accurate interpretation.

# litters effected

# u deaths :Immum-n—

Table 5a
TABLE_5_. ' L-codaaflxi: Oral. Postnatal Development. > I I ' firud'y in' Race. 1‘1“ {ax-71420“. . sumry at St«“2“: of. F1 screen: to '

 
 

   

.——ti5;:éz.»aaaaifi ' m. mica.

 
"‘ Female #3766 inadvertently killed on LTDZO excluded from analysis

' [N] = number of litters
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F1 3003/ Weight: See Table 6.

At LDO, body weight was ~7% lower in lOOOmg/kg newborns compared to control
newborns, both male and female.

By LD21, body weight was ~10% lower in lOOOmg/kg pups compared to control pups,

both male and female, and body weight gain was similarly reduced by 5% to 10%.

Lower dose groups were comparable to the control group.
   

  
 

, _ ital idif Ry a: '7bl of F1 Pup Prior

méimszém “mm? tie-12..,Wm mr 6.» ‘
W‘mb my, ' 7 'mman my 14

_ mm was 2;. '

  

F1 Physical Examination: There were no drug-related physical signs reported.

F1 External Examination (Table 7): One control newborn had two external

malformations (atresia ani and tail malformation) and one newborn at 125mg/kg had a

polydactyly malformation. No anomalies were found at 250 and lOOOmg/kg.

There was no F1 subset evaluatedfor visceral 0r skeletal malformations/variations.

 

, mung/@134 L

318/: , .nst 2.2 f 
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Fl Post-weaning Period

Post-weaning Viability: One female in the lOOOmg/kg group (#4593) was found dead in

post-weaning week 3; no cause ofdeath Was found. The pathologist’s report states that

this female was found dead at GD18, a clear discrepancy.

Post-weaning physical exam: There were no drug-related physical signs reported.

Post-weaning body weight: Body weight at post-weaning week 1 was ~8% less at
lOOOmg/kg compared to the control group. The 8% decrement in body weight persisted

in lOOOmg/kg males and females to post-weaning week 12. Lower dose groups were

reasonably comparable to the control group.

Post weaning 
 250m-g/kg 1000-mg/kg

Males

Week 1

Reproductive Development post-weaning (n= 44 per group)

  
 

  
Females: The average time to vaginal opening in post-weaning females was 32.6 days

for all dose groups including control; drug treatment had no apparent effect. All females

showed signs of vaginal opening by postnatal day 36.

Males: The average time to preputial separation in post-weaning males was 43.7 days for
all dose groups including control; drug treatment had no apparent effect. All males

showed signs of preputial separation by postnatal day 50. .

Behavioral Development post-weaning (n= 21-22 per group)

Passive Avoidance Test (Table 14): Tests were performed in 2 sessions.

Session I : The mean number of trials required to reach assay criteria increased in males

at 250 and lOOOmg/kg‘ (6.1 and 6.9 vs. 5.5 in control). The increase appears due to longer

times for some individuals rather than a group shift. No difference was seen in females. A

few animals never reached assay criteria but a dose-relation is not evident (two control

males, one male/female at 125mg/kg, one female at lOOOmg/kg).
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Sesszon 2. There was no difference in treated vs control groups.
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Auditory Startle Habituation (Table 15): There is no significant effect of drug treatment

compared to the control groups.
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Open-field Testing (Table 16): There is no significant effect of drug treatment compared
to the control groups.
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Ophthalmolgic Exam: No drug-related effects were reported (data not shown).
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F1 Mating to Sacrifice Period

Mortality: None, according to the study report. However, the pathologist’s repo1t lists

female #4593 from the lOOOmg/kg group as having been found dead on GDl3.

Physical Exam: There were no drug-related clinical signs during this period.

Body weight: Weight'gain in F1 females during gestation was comparable across dose

groups, despite slightly lower body weight at lOOOmg/kg at the start of gestation. (Table
17) ’

TABLE 17. 1.401.122.1715: oral Bostnata']. mmlopmental Toxicity Study inRat5. ‘I‘r 11-03-714——0
Average Maternal Body Keighcs (Grams 15..9. ) of F1 Female
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Reproductive Performance: Twenty-two Fl females were cohabitated with F1 males,

resultingIn 21-22 pregnancies per dose group. The time-to—-pregnancy averaged l to 1.4
days and the length of gestation ranged frOm 222 to 22.3 days for all dose groups
including control.

All females gave birth to a similar number of live newborns. The number of stillboms
was similar or decreased1n dosed groups compared to the control group.(Table 19)
'TDLBLB 19. 14-00922-1715: Oral Postnatal nevelcphmtal Toxicity Study? ._

- sumry oisca‘cug pt 1‘; Generac'ieq' can: ' i; '
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m1? DEATHSlB‘} (i, 1.11. 2 5.11.1 .
aposmm‘ua mars 1: ~ a »
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F2 findings:
Clinical signs: All F2 newborns were sacrificed on LDO, so no observations were

possible.

Boajz weight: There was no drug-related change in body weight.
  7..
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Viability: Viability of F2 was similar across groups on the day of birth, but short term
(e.g., S 3 day) viability was not possible because all F2 were sacrificed on LDO.

Gross Pathology: There were no drug—related external malformations or variations in F2

pups. Only 1 malformation was found among 1,336 pups. (Table 21).

TABLE 21'. 143000224715: Oral. Peanuts-L
, .uj' ,{. I ’ “ Summary 9

TREATMENT ”R0179:
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PUPS wrm VMIATIONS (3,L. H 3
LXT‘Z‘ERS 'dv‘I’I'H VARIATIC‘INS {9)

TYPE;AND MEMBER 0E
'91:? ALTERATIQNS (gun-r.)

Tail l-ialfbmahigm
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Male Rat Fertility

#TT 037150
GLP

Female Rat

Fertility

#TT027280
GLP

Dose-Ranging
Rat Embryonic
Development

#TT027215
Non-GLP

Rat Embryonic

Development

#TT027210
GLP

General:

125mg/kg

Fertility:
> 1000mg/kg

General:

250mg/kg

Fertility:
250mg/kg

No dose-limiting toxicities identified

General:

25x

Fetuses:

12-25x

General

a Urine—stained fill'

o BWL 15-20% at 250 and 1000mg/kg

Fertility

o No Findings

Doses: 125, 250, 1000 mg/kg (+ placebo)

General
0’ Urine-stained fur

Fertility

o T incidence of females with resorptions at 250 and
lOOOmg/kg; 1-2 females with T resorptions; T late
resorptions

- No other findings

Doses: 125, 250, 1000 m
General

0 Urine-stained fur, salivation at 500, lOOOmg/kg

- No change in BW, clinical signs

Fetuses

' No laparatomy data obtained

No change in clinical signs, external exam
BW gain at 500, 1000mg/kg lagged 5% and 9%

behind control pups despite equal birth weight

Doses: 125, 250, 500, 1000 m-

.General '

- Urine-stained fur at ‘1000 mg/kg

0 No change in BW, clinical‘ signs

Fetuses 7 ,

o T skeletal malformations/variations at 1000mg/kg
vs. concurrent control group

Placental transfer is 44-81% of maternal exposure

One fetus at 250mg/kg had multiple skeletal .
vertebral findings, including malformed cervical
vertebra and incompletely ossified verterbra

Doses: 125, 250, 1000 mg/kg (+ placebo)
AUC: 276, 862 pM*hr at 250, 1000 mg/kg respectively
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General .

0 Death of 1/10 females at 500mg/kg on GD25 after
spontaneous abortion. BW 1 15%, FC absent before

Dose-Ranging death.

Rabbit Embryonic o No findings in lower dose groups
Development

Fetuses

#TTO27225 o No effect on pre/post-implantation
Non-GLP o No change in # live fetuses or fetal BW

I No change in external exam

Doses: 62.5, 125,250,500 mg/kg (+ placebo)

General

0 Death of 3/18 females at 500mg/kg; group stopped
before parturition with 1 BW, 1 food intake, 1 feces

Rabbit Embryonic General:

Development _ est. 19x Fetuses

‘ _ o No fetuses examined in 500mg/kg group
#TT027220 ‘Fetuses: o No drug-related findings at 125mg/kg
GLP , 6-12x I Placental transfer is 30-66% maternal exposure

Doses: 62.5, 125, 500 mg/kg (+ placebo)
AUC: 189 pM‘hr at 125 mglkg

F0 Dams

- 1 BW gain at 250/1000mg/kg (15-18%) GD6-12

- 1 PC at 250/1000mg/kg (8-12%) GD8 ‘
- Urine—stained fur at 1000mg/kg

. 0 Death of 1 female at lOOOmg/kg from unknown
F0 Dams: cause

Rat Post-Natal 125mg/kg F0 Dams: p - Maternal toxic doses are 250/1000 mg/kg
Development ‘ est. 12x

' ' F1 progeny. F1 Progeny

#1‘1‘037140 lZSmg/kg F1 progeny: o 1 BW at lOOOmg/kg persisting through post-
GLP F2 ‘. est. 12x weaning

' progeny. , - Increased pup death at 250/1000mg/kg LD4-21
> 1000mg/kg -

F2 Progeny _

' o No findings

 
Doses: 125, 250, 1000 mg/kg (+ placebo)
AUC: Estimated 125, 250, 1000 M*hr 
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Key Findings:

0 MK-O431 crosses the placenta and is excreted in maternal milk.

0 Rat fetuses will be exposed to MK-O43l during gestation and weaning.

Study no.2 "IT 03-717-0

Volume #, and page #: NDA eCTD

‘ Conducting laboratory and location: MRL, West Point, PA

Date of study initiation: 08 April 2003

GLP compliance: Yes

QA reports: yes ( x) no ( )

Drug, lot -#, and % purity: MK-043l anhydrous phosphate salt; lot L-000224715—
006F020; purity

 

Purpose: To evaluate transfer of MK-04-3l via the placenta and lactation in rats.

Methods: Pregnant female SD rats-(26/group) were given oral gavage doses of MK-043l

at 250 and lOOOmg/kg from GD6 to GD20 or LD14. Maternal and fetal plasma

concentrations of MK-0431 were measured at 2 and 24 hours after the last dose on GD20,
and in the maternal milk on LD14.

Results: Placental transfer of MK-043l ranged from 44% to 80% of maternal exposure

(Table B-l). Maternal milk contained ~4-fold higher concentration of‘MK-043l

compared to maternal plasma.

Conclusions: MK—043l can cross the placenta and is excreted in maternal milk, ‘
indicating that fetuses will be exposed to drug during development and weaning.
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Table‘ B:l 1,-00022471520m! Toxicckinctic $10th Pregnantand [.aclaxinv Rats
. . TT 2'03717-0 -

Mgéxgn MaternalPlasma [400224715 llaxicokindjc Param'cmrs
1 ccnuxlmei;l'cr.Ge;la1wu 01y 3
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Key Findings:

0 MK-043l crosses the placenta in pregnant rabbits.

0 Rabbit fetuses will be exposed to MK-0431 during gestation:

Study no.1 TT 03—716—0

Volume #, and page #: NDA eCTD

Conducting laboratoryand location. MRL, West Point, PA
Date of study initiation: 08 April 2003

GLP compliance: Yes

QA reports: yes ( x) no ( )

Drug, lot #, and % purity: MK-043l anhydrous phosphate salt; lot L-000224715-

006F020; ——-'- purity -

Purpose: To evaluate MK-O431 exposure in fetuses and pregnant rabbits.

Methods: Fifteen female New Zealand White rabbits were given oral gavage doses of
lZSmg/kg MK-043l from GD7 to GD20. Maternal and fetal blood concentrations of

- MK-0431 were measured at 2 and 24hours after the last dose on GD20.

Results: Fetal exposure to MK-043l was 30% to 66% of maternal exposure, indicating

substantial placental transfer of drug (Table 3-1).

Conclusions: MK-0431 crosses the placenta and exposes fetuses to drug during gestation.
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Table Bl L—000224715: Oral Toxicokinetic Studyin Pregimnt Rabbits ['7‘ #03-7164)

" plasma caneemmiont SEH
Cami mmuhed .

hamaux' : SEM;
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2.6.6.8 Special toxicology studies

 

Key study findings:

0 No visible skin lesions were found after 14 week administration of 10, 30, or 100

mg/kg sitagliptin.

0 Exposure to sitagliptin achieved a 2x, 4x, and 20x multiple of MRHD (lOpM*h).

0. Exposure to sitaliptin was confirmed by toxicokinetics and plasma DPP4
inhibition.

0 No change in kidney weight or gross/micro histopathology was found.

Reviewer Comments

This study was performed at the request of the FDA based on findings of necrotizing skin

lesions with other DPP4 inhibitors, with monkey being the most sensitive species. As of

July 2006, the FDA considers the skin lesions 3 result of off—target inhibition of DPP8 or

9. The maximum drug concentration achieved in the study with sitagliptin is 41 pM which
is equivalent to the ICso for inhibiting DPP8 (48pM) but well below the ICso for

inhibiting DPP9 (lOOpM). This was achieved at a large multiple (20x) of the clinical

dose. The absence of skin lesions by 3 months at this exposure supports the cu‘rrent

understanding of the mechanism of skin lesion formation by other less selective DPP4
inhibitors.

Note also that Rhesus monkeys were tested rather than Cynomolgus, the strain where

skin lesions have been observed. The impact ofchoosing Rhesus on the study results is _

unknown; it is- feasible that the Rhesus strain is less sensitive than Cynomolgus relative to
skin lesions.

Study no.: TT 06-1005 -

Volume #, and page #2 V eCTD
Conducting laboratory and location: Merck Research Labs, PA

Date of study initiation: 09 January 2006

_GLP compliance: Yes

QA report: yes ( X) no ( )

Drug, lot #, and % purity: MK-043 1, lot L-000224715-010X036, "" purity
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Methods

   
 

 

 
 

Doses: 0, 10, 30, 100 mg/kg per day '

 
 

!
Weight: 2.3—2.8 kg females; 2.5-3.2 males

Number/sex/group:
main stud

. T__~_~____ox1cok:r(::tlc Collected from all animals on drug day l and drug week 12. ‘

Route formulation Oral nasogastric gavage. Vehicle was deionized water with 0.1N HCl.dose volume .

Observation and Times:

Clinical Findings: Daily checks .

Body weights: Pre-test, then weekly -.

Food consumption: Estimated daily.

  

 

 

 3 per sex per group

  
 
 

l

 
 

 

 

    

   

 
 

 

Photos ofall control and high dose animals, incl. face, inguinal

Photographs: area, genitals, dorsal and ventral body profile, taken on drug
week 13.

DPP4 Activi 2 DPP4 enzyme act1v1ty was measured in blood samples from all
. dose groups in drug week 14

 

 

  
 

 
 

ll
 
 
 

Gross pathology: Full necropsnes of all animals at scheduled sacrifices.

O a w . htS' Brain and kidney weight collected. ' 1g g . . ‘ . , ,
» r - n 61 Skln samples from numerous Sites were collected and fixed.

Sections of kidney were evaluated from all dose groups.
Skin histopathology was done only in cases of visible gross
lesions.

Histopathology:
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Results:

Mortality: None.

Clinical signs: No drug-related findings from physical exams. Photographs were taken

but not submitted with this study report.

Body weights: No drug—related effect on body weight (0.1-0.4 kg gain, no dose-
dependence)

Food consumption: No drug—related effect on food consumption.

Gross pathology: There were no gross changes observed in the skin or the kidneys.

Organ weights: Kidney weight did not change from the control group (~05% of body
weight).

Histopathology: There were no histological changes to the kidneys compared to the

" control group.

As there were no gross skin lesions, histopathology of skin was not evaluated. Random

biopsies of skin from various regions were Collected and fixed.

TABL EBA—'3'. ,‘MK 1.13:1. Fourteen—thee]: Ora]. Toxicity:Studv in Monkeys TI 4106—10-05,} '
’ ‘ ' i '7 S mmaryziof-Histomorphology a . .' '  

 

 

 
Plasma DPP4 Activigg: Plasma DPP4 activity at the nadir of plasma drug concentration

was negligible (post-dose ‘0 hr’ in Table) and remained negligible at 2 and 4 hours post-

close1n all dose groups. Thus plasma DPP41s essentially completely inhibited for 24
hours at all doses.
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' Tieatment-Related Inhibition ofPlasmaDPP4Enzyme

2 (Mean Values, Sexes Combined) '2 : 

 
 

 
 
 

 

 
 

 

., 'Homs
_: Post-Dose), ' 7

 

Toxicokinetics: Exposure was dose-proportional and there was nosubstantial sex

difference in exposure. The Cmax at lOOmg/kg was 40.9uM which is substantially below

the IC5'0 for in vitro inhibition of DPP9 and equivalent to the ICso for DPP8.

Relative to maximum human exposure (~10uM*h), exposure in this study achieved 2x,

5x, and 20x MRI-ID at 10, 30', and 100 mg/kg.

Tablecrmxibgm {rpm-1;; ' 2W¢ck Oral Toxicity Study in, Monkeys- Tr #0521005} 2 1:
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Study TT06-1025

Key study findings:

2- Redness and swelling of limbs, facial area, abdomen, and genital area were
observed at all doses of L-826 Within 2-4 weeks of treatment.

0 Death/early sacrifice done in 1/6, 4/6, and 2/6 monkeys at 50, 150, and 450mg/kg

respectively, for poor physical condition.

0 Two deaths (1 each at 50 and 450mg/kg) were due to focally extensive

hemorrhages in the brain with necrosis of nervous tissue (strokes).

- Renal toxicity was present at all doses (T BUN, creatinine, urinary protein,

microscopic tubule degeneration).

V Reviewer Comments '

Skin lesions in the Rhesus are milder than those seen in the Cynomolgus monkeys

(internal data). This could be a difference in strain or a characteristic of L-826.

Regardless, the signs and sites effected are the same in both strains. This data supports

the hypothesis that skin lesions produced by other DPP4 inhibitors is due to off—target

inhibition of DPP8/9 or other enzymes rather than DPP4.

Note that fatal brain hemorrhage in two monkeys is clearly drug—related in this study. It is
reasonable that the vascular damage responsible for skin lesions was also rcsponsiblefor
the strokes.

DPP Selectiizity ofL-826 Test Article ‘

Table 1 indicates that L-826 non—selectively inhibits DPPs 4, 8, and 9 compared to high .

DPP4 selectivity of sitagliptin.

Table 1

 .7 w o x

- In vitro ICso, uM .
DPP4 DPP8 DPP9 

L-826 0.43 1.2 1.2

Sitagliptin 0.015 48
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Mortality and Skin Lesions in response to L-826

, Seven deaths were reported: 1/6 at 50mg/kg, 4/6 at lSOmg/kg, and 2/6 at 450mg/kg. Poor

clinical condition prompted early sacrifices in 6/7 deaths; one monkey was found dead.

Antecedent findings include swelling and purple discoloration of the genital and facial

area, hunched appearance, decreased activity, unresponsiveness, and decreased skin

‘ turgor (dehydration).

One male at 450mg/kg and one female at 50mg/kg had focally extensive areas of

hemorrhage in their brains, associated with extensive degeneration and necrosis of

nervods tissue. The description suggests multi—focal large strokes.

Physical signs in surviving monkeys were apparent within 2-4 weeks of treatment and

were similar in all dose groups. Redness and swelling was found in the facial area,

abdomen, inguinal area, genital area, and fore and hind limbs. Swelling was also noted in

the tail in some animals. One animal at 450mg/kg had scabs on the face and fore/hind

limbs.‘Excessive scratching was noted at 450mg/kg.

Note that fulminant necrotizing ulcerative lesions, more typical with some DPP4

inhibitors in Cynomolgus monkeys, were not reported with L—826 in Rhesus monkeys.

However, the redness and swelling observed is typically followed by lesion eruption, and

the effected sites are consistent with studies using Cynomolgus monkeys (e.g., face,

limbs, genital area). The results indicate that the skin ‘lesions’ are less severe in Rhesus

than in Cynomolgus.

Toxicokinetics

L-826 inhibits DPP4, 8, and 9 activity with an in vitro IC50 of0.5 to 1.2uM. Plasma drug ’

concentrations ranged from 100 to 1000 pM at 50, 150, and 450mg/kg, indicating that

activity of all three enzymes were largely inhibited. Substantial inhibition (2 95%) of
- DPP4 activity was confirmed in plasma samples from all dose groups. '

  

 

  

 

 

  ~ :0 '1

Report

$0«aw %

Study TT06—1056: Interim

This interim report describes findings in Rhesus monkeys administered daily nasogastric
gavage doses of L—23335 7, a DPP8/9 selective inhibitor, after approximately 9 weeks of

' dosing. -

There were no treatment-related physical signs after 4 weeks administration of 1, 3, or

lOmg/kg. Thus, the high dose was increased to 30mg/kg in drug week 5. One male dosed -

30mg/kg'was sacrificed in drug week 7 (or ereeks at 30mg/kg) due to physical signs

that included swelling in the abdominal, inguinal, and hind limb areas, decreased activity,

and hunched appearance. A necropsy identified edema of the skin the inguinal and scrotal
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regions. Other males administered 30mg/kg showed physical signs that included swelling
in the abdominal, inguinal, and hind limb areas.

 
  

”.4 -v «5:N

In vitro ICso, uM' ,

L-233357 0.055

Sitagliptin >100

Plasma concentration of L-233357 ranged from 1 to 15 uM at l to lOmg/kg. This
concentration should inhibit DPPs 8 and 9 but not DPP4. Exposure at 30mg/kg is not
available, but DPP4 activity is inhibited ~65% two hours after dosing and is comparable
to control at 4 hours after dosing. Thus, signs of vascular/skin toxicity are detected at

30mg/kg after 2 2 weeks of dosing. -

 

  
   

    

The data suggest that inhibiting several DPP enzymes, including DPP4, may be required
for producing vascular/skin toxicities. Other unidentified targets may also contribute. Of
most value, the data persuasively indiCates that inhibiting DPP4 alone is insufficient to
cause this toxicity.

Dermal Toxicity of MK—0431

Dermal Sensitization in Alice: Study #04-5512 -

MK—043l was topically applied to the ears of CBA/IHsd mice (5/group) at l%, 10%, or
100% formulations in methyl ethyl ketone vehicle for 3 consecutive days. Tritiated
thymidine was injected on test day 5 and cell proliferation was assessed in the draining
auricular lymph nodes. The stimulation index from treatment groups was not different

from the vehicle control. The positive control (hexylcinnamaldehyde in acetonezolive oil)
significantly increased cell proliferation in the lymph node, validating the assay.

MK-043l is not a dermal sensitizer under the conditions of this assay.
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Dermal Irritation in Rabbits: Studies #03-2591 and #04-5513

In, two studies (exploratory and definitive), 500mg of MK-0431 was topically applied to
the shaved back of 3 rabbits with using wetted occulusive dressing for 24 hours. Dermal

irritation was assessed by Draize scoring up to 7.2, hours after the 24 hour exposure.

Neither study observed skin irritation. Under the conditions of this assay, 'MK-0431 is not
' a dermal irritant. '

Dermal Irritation in human -——-'— cultures in vitro: Study #05-5508

N t cultures are composed of a monolayer of human epithelial cells on agarose that
form a functional stratum comeum. MK-043l (25mg) was applied to the cultures for 15 .

minutes, allowed to recover for 42 hours, then viability was assessed by conversion of

MTT (metabolic dye). MK-0431 did not decrease cell viability and was considered a non-
irritant. '

Ocular Toxicity of MK-0431

In vitro studies utilizing freshly isolated bovine corneas identified MK-0431 as a mild
ocular irritant that increased corneal opacity and permeability (Table 1). MK-0431 was

further tested in 3 rabbits by placing a 20% formulation ( 100mg MK-0431) into the left

conjunctival sac. Findings included moderate conjunctival redness with discharge,
chemosis, and slight corneal opacity. Slight conjunctival redness persisted in one rabbit

for 8 days after treatment. All eyes were normal by day 15 post-dosing. Merck concludes
that MK-0431 is a moderate ocular irritant in vivo. ’
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'MK-043l Toxicity after Intravenous Administration in Rat and Dogs

Rats (Study #03-0560): MK-O431 (5 and 20mg/kg) was administered to male and female
SD rats (IS/group) via tail vein for 16 consecutive days. MK-043l had no toxicological
effect in this study; the NOAEL is greater than 20mg/kg intravenously (Table).

Table: 16 day intravenous MK-043l in SD rats  
 

Mortality _ None

—-

Histopathology I .
  

Dogs (Stuafv #03-6140): MK-O43l (5 and 20mg/kg) was administered to male and 1
female beagle dogs (4/group) intravenously for 14 consecutive days.

. Toxicological findings were limited to drug—related physical signs. Redness of the ears
and the whole body. was observed in most dogs during the study. Skin redness in dogs
occurs with other DPP4 inhibitors but was not observed with oral administration of MK—

0431. Other findings at 20 mg/kg include swollen muzzle/eyelids in 2/4 females,
decreased activity/recumbency in 2/4 females, and conjunctival redness/lacrimation in all
males and females. The physical signs were not associated with changes in body weight,
clinical chemistries, or gross/histological findings.

1.13
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Table: 16 day intravenous MK—043l in Dogs -

Mortality V None

20 mg/kg Dose .
Ear and whole boafy redness: dose-related incidence, all drug days

Swollen muzzle/eyelids: Two females, drug days 5-14

Decreased activity/recumbency: Two females, drug days 1-2

Conjunctiva redness: All males/females, all drug days

    

 

 
  

 
    Clinical Signs

 
 

 

 
 

 

 

5 mg/kg Dose

Ear redness: 2/4 males, all females, drug days 2-14

Con‘unctiva redness: 1 male/female, soradic incidence

consummon .

Hematology/Clinical

 

  
 

  

 
  

 
Chemist ' '

Gross Pathology No findings V
 

   
 

Histopathology
  No findings
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MK-0431 + Metformin: Combination Toxicity Studies in Dogs:

Summary _

A Series of studies evaluated the potential toxicity of MK-0431 administered in

combination with metformin to dogs. The combination of MK-043l and high-dose

metformin (50 mg/kg) in dogs may have resulted in more numerous and earlier deaths
~ than observed with metformin alone (Study #TT 06-6000). The combination of MK-043l

and a lower dose of metformin (20 mg/kg) that better approximates human exposure

resulted in no deaths and'yielded no evidence of exacerbated toxicity (Study #TT 06-

6017). Convincing evidence is provided that the deaths at 50 mg/kg is due to metformin
toxicity and not to the combination (Study #TT 06—60 18) . Nevertheless, there is a slight
possibility of exacerbated toxicity in the setting ofhigh exposure to metformin (2

-400pM*h AUC) and clinical exposure to MK-0431 (2 lOuM*h AUC).

 
50 mg/kg Metformm and 2, 10, 50 mg/kg MK-0431

Key study findings:

0 Mortality occurred in females of all combination groups and the metformin-alone
group. Deaths with the combination appear more numerous and occur earlier than
with the metformin-alone group.

0 Mortality occurred in females only; all males survived to termination.

o The metformin-alone death may be due to lactic acidosis, indicated by high
plasma lactate and low bicarbonate.

0 Earlier deaths with the combination are not adequately explained.

a Three deaths in the MD and HD combination groups showed vacuolation in the
brain with one ofthe three also showing neuronal necrosis; degenerative changes

in brain are reported in dogs administered metformin _~

0 Exposure to MK-043l is not altered by co-administration of metformin.

0 Exposure to Metformin tends to be 50% higher in females co-administered MK-
0431 than metformin alone. However, TK comes from a single female in the MD

and HD groups, so only tentative conclusions can be drawn. There is no
difference in males.
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Reviewer Comments 7

Merck concludes that all deaths are related to metformin toxicity and not to exacerbated

toxicity with the combination. The data in this study do not support that conclusion

because earlier deaths with the combination are not adequately explained. To the

contrary, the death of one female given metformin alone was associated with a 50%

higher metformin AUC than the females given the combination, yet deaths were observed

in all groups except control.

Nevertheless, it is feasible that the deaths are related to metformin toxicity for the
following reasons:

1. Plasma lactate tended to be higher in surviving dogs and was clearly higher in 2
dogs in the HD combination group, though this may be related to morbidity.

2. The minimally toxic dose of metformin in dogs is 50mg/kg, with death in 50% to

100% of animals at 2 lOOmg/kg 3—:—'—-—, NDA 20,357), indicating a sharp

dose response curve.

3. Metformin exposure in females was higher in this study (2 500pg*h/ml) than
reported in the metformin NDA (~300 ug*h/ml). Exposure in males was similar

to females on day l but decreased by week 8.

Exacerbated toxicity of the MK—0431/Metformin combination cannot be excluded based
on this data, but neither can it be confirmed.
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Study no,: TT 06-6000

Volume #, and page #: eCTD

Conducting laboratory and location: MRL, Chibret, France

GLP compliance: French Ministry of Health GLP standard

QA report: yes ( x ) no ( )

Drug, lot #, and % purity:

MK—043 1, lot L—000224715-010X029

Metfo‘rmin, lot L-000282095-001L012, from

1 purity by HPLC (manufacturer’s data)

 

 

Methods
 

  Secl_pC—.__S/SOUI‘CC

—W—g~
Toxicokine______t_ic Blood collected after the first dose andIn drug week 8mu 3

_ Oral gavage of both drugs, MK-0431 first, then metformin
MK—043l in acidified water

Metformin in 0.5% meth [cellulose in water

 

 
 

 

 

   
Route formulation

dose volume
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Observation and Times:

Clinical Findings: Daily observations

_ Body weights: Pretest and then weekly .

  
 

  

Pretest, drug weeks 4, 9, and 12

Lactate and bicarbonate done on week 6, 9, and 12

Some frozen samples from week 4 analyzed in week 6 for
bicarbonate and serum electrol es

ysis: Overnight urines collected in drug weeks 9 and 12 '

Gross piathology: Complete necropsies on all scheduled/unscheduled deaths

Or an wei htS' adrenals, brain, heart, ovaries, kidneys, thymus, liver, pituitary,- ' o

___g___g___ prostate, spleen, testes, thyrord
From control, metformin alone, and high dose MK—
043 l/metformin

Also from found dead/earl sacrifice animals

yes ( X), no ()

yeS(),n0(X) I

 

 
  

  
  

 

  

 Clinical chemistry:

 
  

 

 
 Histopathology:

 Adequate Battery:

 
 
 

Peer review:
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Results:

rtality: Deaths occurredlll all treated groups including metformin alone (Table 1).
There was one death eachm the metforrnin alone group and the low dose MK-
043 l/metformin group, and two deaths eachin the mid- and high--dose MK-

043 l/metformin groups. Deaths in the combination groups occurred earlier (1-4 weeks)

than the metforrnin alone group (week 6).

Note that only females were effected; mortality did not occur in males.

Females 05-0121 and 05-0143 showed severe physical signs, including lateral

recumbency, limb paddling, rigidity, labored breathing and prostration.

Females 05-0133 and 05-0137 showed body weight loss, markedly reduced food intake,
and anorexia.

  
Table 1: Mortalitym femaleudogsadministered MK—043l and Metformin
 

 

Histological changes in early sacrifice females #05-0121, -0111, and -0143 included
vacuolation of the brain in all three and neuronal necrosis in #05-0143. Note that two of

these dogs are in the MD combo group and the one with vacuolation and neuronal

necrosis is in the HD combo group. Hemorrhage was not reported in these individuals.

No other early death or surviving dogs showed histological Changes in brain. Metformin

administration to dogs has been associated with degenerative changes in the brain, among
other organs (ref. NDA 20,357).

Other histological changes found only in early sacrifice females include lymphoid
depletion of Peyer’s patch, lymph nodes, and thymus, and adrenal vacuolation (it).

Merck concludes that the deaths are related to metforrnin alone and nOt to co-treatment

with MK-043 1, citing lactic acidosis as a likely mechanism. As evidence, the metformin-
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alone death was associated with high plasma lactate and low bicarbonate prior to sacrifice

in week 6 compared to the control group. Unfortunately, plasma lactate was not measured

in 3 other combination-group deaths where frozen samples were available from week 4.

Bicarbonate tended to be lower in those samples, but not substantially. Changes in

lactate/bicarbonate in surviving animals is discussed under the clinical chemistry section.

The data indicate lactic acidosis as a possible cause ofdeath in the metformin-alone

group, but is not conclusive as to the cause of deaths in the combination groups.

*5.B! 1522:. ..

LD MK-O431/metformin i 05-0137F nd

05-0121F
MD MK-O43 l/metformin

05-0111F 

05-0125F
HD MK—043 l/metforrnin

05—0143F

nd = sample not taken (OS-0137 & -0121) or not analyzed (OS-0111, -0125, & -0143)

 
Clinical signs:

Males and females in all treatment groups (excluding control) showed physical signs

starting in drug weeks 1/2. Signs included salivation and occasional emesis shortly afier

dosing, and an increased incidence of unformed stools. There was no-difference noted

between the dose groups relative to these clinical signs. '

In the high dose MK-043 l/metformin group, ataxia and tremors were observed in 2

females and 1 male shortly after dosing but the signs subsided within 4-6 hours. The

transient ataxia/tremors associated with dosing were observed from drug weeks 1 to 3.

This CNS effect has been identified in several previous toxicity studies in beagle dogs

administered 50 mg/kg.
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Body weights:

Death of females #05-0133 and 05-0137 from the metformin—alone and LD MK-

043 l/metformin group was associated with a l to 2 kg 1053 in body weight by drug week
2 and 5, respectively, consistent with reduced food intake and anorexia in these
individuals.

Treated females generally gained less weight than the control females except for the
individual in the HD MK-O431/metformin group. Males administered the combination

tended to gain less weight than the control of metformin-alone males, but the data is
variable and not dose-dependent.

The data are not conclusive as to an effect on BW in surviving dogs, though the data in

males suggests some effect with combination treatment.

Females M3165

Study Time Dose, mg/kg BW ain k-) BW _ain k_)'

. LD MK-

13 weeks 043l/metformin
MD MK-

043 llmetformin
HD MK-

043 l/mctformin

 

  
Food consumption: . Aside from reduced food consumption in the moribund females
described above, there was no difference in food intake between the treated and control

groups.

Ophthalmoscopy: There were no treatment-related changes reported.

EKG: There were no treatment-related changes reported. Note that primary data was not
submitted. '

 

, Hematology: There were no treatment-related changes relative to RBC, WBC, and
coagulation variables.

------
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Clinical ChleStflZ There was no substantial change in the standard clinical chemistry

panel in the treated groups relative to control or baseline values. Plasma bicarbonate,

lactate, and glucose require specific attention, however.

Plasma Bicarbonate: Surviving males and females in all groups had plasma bicarbonate

levels between 22-27 mM on drug weeks 4, 6, 9, and 12. Treated and control groups were
no different.

Plasma Glucose: Treated and control groups were no different at drug weeks 4, 9, and 12.

This appears to rule out hypoglycemia as a contributing factor.

Plasma Lactate: There is a tendency toward higher plasma lactate in all female groups

administered metformin and in males in the MD and HD MK-O43 l/metformin groups.

The data in males suggests higher plasma lactate in response to co—administration of MK-
043l and »metformin,'but is not conclusive.

The historical range for plasma lactate is 28.8 to 33.4 mg/dL. One male and one female,

both in the HD MK-O43 l/metformin group slightly exceeded the high range on at least
one occasion.

Table: Plasma Lactate in Surviving Females

 
 

 
 

 
 

 

  

TR TMENT GRogP
&' ANIMAL NUMBER

' Control 5
- "=95~o;27s

.’.'osrol4ts
g}05=0147s

MEAu‘'STD DEV

'neefothin so mg/kg/day-' 705501133 -

  1 ... .H9,Kg7dayi¥,l‘
’ ,. .95.:0135Ff: *
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*Plasma lactate in dog #05-0138 was 37 and 31 mg/dL at weeks 9, 12 respectively, skewing the
mean upward, ,

Historical Control Values for Dogs, Plasma Lactate and Bicarbonate

antral. ‘V’éi

 
 

 

 

 

 
 

 

 
 

 
 
 

 
 
 

Female, . » 7 .7
26 to_39'Wéekq , '
twine! Airs-1“

Mela
'26 :q issfimaka ,
Cominedj Egan

Both Sexes25‘ to 39.,Heéks
Congined £94m:
 

Female .
26 go 39» Weeks,

'. Contined Vfiqoz

Mai-e i,_ 261:6 39 Keel-:5 -_ ’ '
amines Aw . ,,

"Ecth-Seié?‘ 3? ' '25:19,:

Urinalysi : Treated and control groups showed no difference in urinary volume, specific
gravity, urobilinogen, glucose, protein, blood, ketones, or sediments.

Gross pathology: Treated and control groups showed no difference. (scheduled
sacrifices) -

Organ weight : Treated and control groups showed no difference. (scheduled sacrifices)
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Histopathology:

Histological changes were present only in early sacrifice females, and are described

under the ‘Mortality’ section above.

To summarize, females #05-0121 and -0111 had-brain vacuolation and female 05—0143

' showed brain vacuolation and neuronal necrosis. Although these dogs are in the MD and

HD combo groups, such changes in brain have been previously described in dogs
following administration of metformin (ref. NDA 20,357).

Other histological changes found only in early sacrifice females include lymphoid
depletion of Peyer’s patch, lymph nodes, and thymus, and adrenal vacuolation (it).
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Toxicolcinetics:

MK—0431: Exposure as AUC at all dose groups is consistent with TK from prior studies.

There is no sex difference, and exposure slightly decreases by drug week 8. Co-
administration of metformin did not alter TK of MK-043 l.

Metformin: Exposure as AUC was ~50% higher in females given metformin alone
compared to females given the combination, which may suggest some PK interaction in

' females. This was net seen in males. In addition, exposure in females tends to be higher

than in males by drug week 8, though not substantially. Note that TK comes from a single

female in the MD and HD groups, so only tentative conclusions can be drawn.

Exposure to ll/[K-fl
SM Sr ’
' " ‘ '(ic Pamnigfim_»-=Dmg “fife-k3 .

-K-(ll-lrélaMcifrénxin mas? . '
.. .. I'mmesv»

9.12119. $61.“le 1'52"t :11
uni-m matrix) , 35min)
0.31m ; 3. mien) 

Exposure to Metformin
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mm «we»: 4

Control and 50mg/kg
 

Key study findings:

0 One female was found dead on day 16 following body weight loss and reduced
food intake. _

a One female was sacrificed on day 23 for physical signs; plasma lactate was

markedly elevated and bicarbonate reducedjust prior to sacrifice, likely an effect

of morbidity than true drug-related lactic acidosis.

o r The timing ofdeaths is similar to deaths in response to the combination with MK-
0431 in study #TT 06-6000. ‘

. 0 Mean plasma lactate increased 5 2 fold in metformin-treated females (high end of
historical range), but bicarbonate was unchanged.

Reviewer Comments:

This study shows that 50mg/kg metformin is not well—tolerated in dogs, with 2 of 5

females dying by drug day 23. Merck suggests that metformin-induced lactic acidosis

underlies morbidity/mortality in the dogs, but the reviewer concludes that morbidity in

the dogs underlies elevations in plasma lactate. The NDA —-—- (G'lucophage) review

states that animals (rodent) studies have provided conflicting results relative to lactate

production, and that death of dogs administered metformin are associated with symptoms

of GI distress, vascular lesions, and degenerative changes in the brain, heart, kidney, and

skeletal muscle (NDA 2"; , which are reasonable alternative explanations for the
deaths;

The mechanism of metformin—related‘death is less important than the occurrence of
death; a SOmg/kg dose with an exposure ofZ 400 uM*h appears too high for combination

toxicity studies in dogs.

The reviewer concludes that the deaths of female dogs given the combination of MK-
0431 and metformin may be due to metformin toxicity rather than exacerbated toxicity of
the combination.
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Study no.1 TT-06-6018

Volume #, and page #2

Conducting laboratory and location: MRL, Chibret, France

GLP compliance: No

QA report: yes ( ) no ( x)

Drug, lot #, and % purity:
‘ Metformin, lot L—000282095-001L012, from ’ —————\_

Methods

  
 

Control and 50 mg/kg groups  

Species/source

Age: 34-38 weeks  

 

Number/sex/group:

gmain study)

Toxicokinetic

groups

Route formulation

dose volume

5 females  

After first dose and drug week 3 

Oral gavage of drug in 0.5% methylcellulose/water

Results:

Mortality: Two females died during the study. One female (#05-0277) was found dead
before dosing on drug day 16, and the other(#06-0047) was sacrificed after dosing on

. drug day 23 due to marked physical signs. '

Female 05-02 77: This female lost 1.2 kg body weightand food intake decreased
markedly before death. Plasma lactate was elevated, but not substantially.

Female 06-0047: This female had labored breathing and lateral recumbency' prior to
sacrifice. Plasma lactate was markedly increased (177 mg/dL), bicarbonate decreased

(13mM),- and glucose, potassium, and chloride decreased prior to its sacrifice on day 23.
These findings may be secondary to morbidity rather than directly drug—related.

Clinical signs: Surviving females showed emesis and peri-dose salivation. The incidence
of emesis was greatest during week 1.
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Body weights: Female 05-0277 lost 1.2 kg BW (above). No other female showed a
' change in BW relative to pre-test'values.

Food consumption: Female 06-0047 showed reduced food intake in drug weeks 1 and 2

prior to death. No other female showed a Change in food intake. .

‘ Clinical chemistry:

Blood samples were collected 24 hours post-dose (trough drug levels) on all days except

day 17, where samples were taken at 1 hourpast-dose (near-peak drug levels).

Blood was also drawn immediately before sacrifice offemale #06-0047 ofthe metformin

group prior to its sacrifice on day 23.

There were no changes in the standard clinical chemistry panel. Plasma lactate and
bicarbonate require detailed evaluation:

Plasma Bicarbonate: No change is seen in control or metformin groups up to drug day
29.

Plasma Lactate: Plasma lactate in metformin-treated females tended to be higher relative

to pre—test values and to the control group, particularly during the first 2-3 weeks of

dosing. The magnitude of the increase is ~2-fold compared to pre-test values and is in the

high end of the historical range. Plasma lactate did not exceed ~.3.5mM; clinical lactic

acidosis is defined by a plasma lactate concentration of 5mM.

Plasma lactate reportedly increased to 177 mg/dL (20mM) in female #06—0047

(metformin group) and bicarbonate reportedly decreased (l3mM) prior to sacrifice on

day 23. These values, Which are not obvious in the Table below, came from a blood

. sample takenjust prior to sacrifice ofthe dog. This suggests that large acute changes in
plasma lactate are associated with the moribund condition rather than directly related to

- drug treatment.

Plasma Bicarbonate
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Plasma Lactate

 
  

 

'gmlm arm».
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31154421??? 12.0 , 6.4 516 f o no.0 -2.e

, 05,0643: 12m a7 771.5‘ 7;.0 13.2 5.3fl‘CBnIS? . 111.; 1:4 ,1341 '14 12.9 11:4
M49049: 3.4 12.5 11;: ;c.2 23.: 9.0

_mm' ll_.-I 9.3 20.1 5 7.9 15.4 14.1
ml}?! 1.7 ' 24? -1.2 ‘13? 81$

 
 

  

59' 9921*!!!do?
05'92412 1.2.2

' Q5552”? , 1‘“?v assays“ ,
" vac-um“ : -

 
 H‘ oric l_Contr [Data for Femal D > . ‘' :‘ 1415:6365: wt; 
 

 
 

 

   
,> . V ., v Bjdfltfbanfit' anglfl. . =amine ', , . ‘ : . __ 7 ' .
36,11; 33“ h’ueb ’ 74 :4 ' ' . 23;: " 15.4

"”."”T""T'M‘“”'W“‘”"Wm”“Wfimmfm'ii'flm'fif M"
E’xmle . 1, . : ”v - 7

‘ cash: a} yuan v _ 5: - .54 . > . .12.: 5.5 29.7 

Gross pathology: There were no gross changes in the early sacrifice/found dead animals. -

Histopathology: No histopathology was performed.

Toxicokinetics: Exposure was somewhat lower than in the combination toxicity study
(402 vs. 2 500 pM*h), but still somewhat higher than reported in NDA 20,357 (300

pM*h).
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Key study findings:

0 The dose ofmetformin was lowered to 20 mg/kg based on lethality observed1n

prior studies at 50 mg/kg

0 There were no findings in dogs administered MK-0431 + metformin that

substantially differed from dogs administered metformin alone or the control
vehicles.

Reviewer Comments:

Dogs tolerated the 20mg/kg dose of metformin, evidenced by no reduction in body

weight or food intake, and no resultant deaths. Exposure at 20mg/kg metformin in dogs is

similar to exposure at 2000 mg metformin in humans, which is a more appropriate design

. for combination toxicity studies with an unapproved entity (MK-0431).

The lack of any difference between the control, metformin—alone, and combination

treatment groups suggests that the combination of MK-043l and metformin does not

exacerbate existing toxicities (e.g., tremors/ataxia at 50mg/kg MK-O43 l) or produce new

toxicities not seen with either drug alone. This study provides further evidence that deaths

observed in study #TT 06—6000 were due to metforrnin toxicity at 50 mg/kg, and not to

co-administration with MK-043 1. There is a slight possibility that the earlier deaths with

MK-O43l + metformin in study #TT 06-6000 express exacerbated toxicity.

Study no.2 TT 06-6017

Volume #, and page #: eCTD
Conducting laboratory and location: MRL, Chibret, France

Date of study initiation:

GLP compliance: Compliant with French Ministry of Health GLP regulations

QA report: yes ( X ) no ( )

Drug, lot #, and % purity:
MK—043 1: lot L-000224715-010X029

Metformin: lot L—000282095—001L012, ——-——-————'
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Methods

glf.Ferh-a-'1e*s_s

NOTE: Dogs were administered metformin alone for the first 2 weeks to

assess tolerability. Combination treatment commenced on week 3

pecies/source Beagle Dogs, female, from

Weight: 5.9—8.8kg

Number/sex/ rou 3 5 females er rou
W p g p

Toxicokinetic

groups

 

Drug day l (metformin alone) and drug weeks 3 and 15 (combination)

Recovery groups: None

Route formulation Oral gavage of MK-043 1, then metformin
dose volume MK—0431 in 0.1mM HCl in water
—_ Metformin in 0.5% meth [cellulose in water
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Observationind Times:

 
 

 
 

 
 

Clinical Findings: Daily

. Body weights: Pretest and then weekly '

Ophthalmoscopy Pretest, drug weeks 8, l4

Pretest, drug weeks 8, l4

 

 

  
 
 

 
  

 
 
 

 
 

 EKG:  

 
 

 
 

 

Blood collected from fasted dogs:_
Pretest, drug weeks 6, 10, 14
Standard anel .

Blood collected from fasted dogs:
Pretest, drug weeks 2, 6, 10, 14

Week 2 analysis limited to serum bicarbonate, sodium,
otassium, chloride, and lactate

Urinalysis: Overnight urines collected in drug weeks 10, 14

' Gross pathology: Necropsies on all animals

Or an wei hts: adrenals, brain, heart, liver, pituitary, spleen, ovaries, kidneys,
‘ _g__g_ thymus, thyrord

Histogathology: Control, metformin alone, and high dose combination evaluated

 

 
Hematology: 

 

 
 

 

 

 
 

 
 

Clinical chemistry:

 

  
 
 

 
Adequate Battery: yes (X), no ( ) 
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Results:

Mortality: None

Clinical signs:

Ataxia, tremors, or both occurred in all dogs in the HD combination group starting in

drug week 3 (first week of combination treatment). The signs occurred within 30 minutes

of dosing and lasted about 3 hours post-dose. Transient, dose-related ataxia/tremor has

been documented in dogs administered 50 mg/kg MK-0431 in standard toxicology

studies. The Sponsor states that such signs were not exacerbated by metformin compared

to historical experience with MK-043l alone, but note that a concurrent 5'0mg/kg MK-

0431 group was not employed.

Body weights: No change in BW was observed.

Food consumption: No change in food intake was observed.

Op'hthalmoscopy: 'No findings observed. (primary data not shown)

133g: No changes observed. (primary data not shown)

- Hematology: No changes observed. (Red cell mass, coagulation, white cell differential)

Clinical chemistgz No changes observed. (Liver and kidney markers; serum proteins)

Serum bicarbonate: No changes; Values ranged from 23-25 mg/dL for all groups.

Serum lactate: No changes; values ranged from 5-21 mg/dL for all groups without a
dose- or time-dependence. '

Urinalysis: No changes observed. (volume, pH, specific gravity, protein, bilirubin,

glucose, blood, sediments)

Gross patholog'1: No changes observed.

Organ weights: No changes observed. (see Methods for organ list)
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Histopathology:

Control, metformin—alone, and the HD combination groups were evaluated No treatment-
related change was observed

Findings considered not treatment-related:

0 Minimal f0cal adhesion in the heart of 1 HD combination female.

iToxicokinetics:

Metformin exposure: Exposure to metformin was similar in all groups on day l and week
5, but tended to increase in the combination groups by week 15 (~200 pM*h in control
vs. 287 pM*h in HD combo group). Metformin PK does not appear to change
substantially with co-administration of MK-043 1, despite the small increase in AUC.

Note that metformin exposure in dogs administered 20 mg/kg (~200pM*h) is similar to
humans administered 2000 mg (160 pM*h).

151:; ’ Mennv'l’la" " 7

 

1321164 1'
14294347 _
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1“Doseaffix-mu} ~' '- "
= 5 Dose of Vietfo‘rmm. »
. Valucs arethe mean’r $13M. ' ,. .

 
MK—043IExposure. Exposure to MK0431 increased with dose1n a near-linear manner

AUC did not change substantially from the first to last week of administration, and did
not change with co--administration ofmetformin.

 

'7 3Dose ofMK0431

, b. Dose of\ietfor1111n ;

' ValueSVarethe111ea'11i-SEVL

.Mean»Pia51r1aMK-Q43fiiTo'Kicok'; I '

 

C ’8’ Dose ofMK0431;?
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Valuesare theEmmi I ’
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Signatures (optional):

Reviewer Signature

Supervisor Signature ' _ Concurrence Yes No

APPENDIX/ATTACHMENTS
None.
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45 Day Meeting Checklist
NONCLINICAL PHARMACOLOGY/TOXICOLOGY

NDA #21-995

Original Submission
Januvia (sitagliptin phosphate)
Merck Research Laboratories

Date Received: 16 Dec 2005

NDA #: , 21—995

Submission date: 16 December 2005

Drug: Januvia (sitagliptin phosphate; MK-0431)
Dosage form: Tablets 25, 50, 100mg
Indication: Type 2 Diabetes
IND#: 65,495

A complete Pharm/Tox development program, including pharmacology and pharmacokinetic studies,
single and repeat dose toxicity, carcinogenicity, reprotoxicity and genotoxicity studies, has been carried
out with sitagliptin. Study species included mice, rats, rabbits, and dogs. Phase 3 clinical trials evaluated
doses of 100 and 200mg QD as monotherapy (18 and 24 months) and in combination with metformin or

pioglitazone. The recommended human dose is 100 mg/day which produces a Cmax of 950nM (trough,
lOOnM) and AUCM‘"1 of 8.5 pg*h/mL. The 50mg and 25mg doses are recommended for patients with
moderate and severe renal insufficiency, respectively. The NDA was submitted in electronic format and is
well organized. ' i '

The 3 month monkey study required for all DPP4 inhibitors is ongoing.

It is suggested that the draft label conform to the Final Rule formatting for new drug labels.

Phannacology/Toxicology supports the filing of NDA 21-995.



ITEM " " 3 .- ,2. j. ._ _' j. I. ;-..c_0MM"_'‘E‘NT
1) Does this section of the NDA '

appear to be organized (according _
to 21 CFR 314 and current CCTD format
guidelines for format and content)
in a manner that would allow a

substantive review to be

completed?

Summary report
Tabulated Summaries

Study reports

Is this section of the NDA indexed
and a .inated in a manner to .

p g . . eCTD format
enable a timely and substantive .
review?

Is this section of the NDA

sufficiently legible so that a
substantive review can be done?

Has the data been presented in an

appropriate manner (consider

tables, graphs, complete study

reports, inclusion of individual

animal data, appropriate data
analysis, etc.)?

.Are all necessary and appropriate

studies for this agent, including

special studies/data "3‘1““th by _ All necessary studies have been submitted.
the Dwrsron during pre- '

submtssron, . . . 0 In vivo metabolites, humans/tox
communications/drscussmns, species
completed and submitted m thls . 6 month rat, 12 month dog toxicologyNDA? . .

' Genotoxrcity

2 yr Carcinogenicity _

Reprotoxicity: Segments 1, 11,111
Please itemize the critical studies

included and indicate any

significant studies that were
omitted from the NDA

(genotoxicity, reprotoxicity,

chronic toxicity of adequate

duration, carcinogenicity)

3 month monkey study is ongoing.

' Have electronic files of the

carcinogenicity studies been
submitted

. for statistical review?

 



5) Were the studies adequately
designed (ie., appropriate number

of animals, adequate monitoring
consistent with the proposed
clinical use, state—of—the art
rotocols, etc. ?
 
 

 
  6) Ifthe formulation to be marketed is

- not identical to the formulation used

in the toxicology studies (including
the impurity profiles), has the
sponsor clearly defined the
differences and submitted reviewable

supportive data (ie., adequate repeat
studies using the marketed product

and/or adequate justification for why
such repetition would not be
necessary)?

 

 

  
  

  
  
  
 

  
  

7) Does the route of administration used

in animal studies appear to be the
same as the intended human

exposure route? If not, has the

sponsor submitted supportive data

and/or an adequate scientific '

rationale to justify the altematiVe
' route?

 
  

   
  

   
 

  
 
 

 

Yes, but conforms to the old template. It
would be in Merck’s interest to submit

labeling in the new template now rather than
later. ‘ 

 

8) Has the proposed draft labeling been

submitted? Are the appropriate

sections for the product included and
generally in accordance with 2] CFR
201.577? Is information available to

express human dose multiples in

either mg/m2 or comparative

serum/plasma AUC levels?

 

 
 

 
 

 
 
 

Dose multiples provided for

'carci/mutagenesis and reprotox sections.

Other Animal Tox not reported. ‘ 
 

 
 

 Monkey Tox results not ready yet; no class
effect statement rovided. ' 

 
 

 
 9) From a phannacology/toxicology

perspective, is this NDA fileable? If

not, please state in item # 10 below
why it is not.

 

 
 10) Reasons for refusal to file: N/A 



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

Todd Bourcier
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PHARMACOLOGIST

Jeri El Hage
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PHARMACOLOGIST


