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1 Executive Summary

Merck submitted a 505 (b) (1) NDA for marketing of Januvia™ (Sitagliptin). A total of 33 human
Phase 1 and Phase 2 pharmacokinetic and pharmacodynamic studies, bioavailability/bioequivalence
studies, in vitro drug metabolism studies and a thorough QT study were submitted to support the section of
Clinical Pharmacology and Biopharmaceutics.
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Sitagliptin is the first drug of a new class of oral anti-hyperglycemic agents called dipeptidyl
peptidase 4 (DPP-4) inhibitors. Incretin hormones, including glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP), are released by the intestine throughout the day, and levels are
increased in response to a meal. The activity of GLP-1 and GIP is limited by the DPP-4 enzyme, which
rapidly hydrolyzes the incretin hormones to produce inactive products. Sitagliptin prevents the hydrolysis
of incretin hormones by DPP-4, thereby increasing plasma concentrations of the active forms of GLP-1 and
GIP. By enhancing active incretin levels, sitagliptin increases insulin release and decreases glucagon levels
in a glucose-dependent manner. :

Sitagliptin is indicated as an adjunct to diet and exercise to improve glycemic control in patients with
type 2 diabetes mellitus. Sitagliptin is also indicated in patients with type 2 diabetes mellitus to improve
glycemic control in combination with metformin or a PPARy agonist (e.g., thiazolidinedione) when diet
and exercise, plus the single agent do not provide adequate glycemic control. The recommended dose of
sitagliptin is 100 mg once daily as monotherapy or as combination therapy.

1.1 Recommendation

The Office of Clinical Pharmacology/Division of Clinical Pharmacology II (OCP/DCP-2) has
reviewed the information provided in the original NDA 21-995 for Januvia™ in the section of human
pharmacokinetics and biopharmaceutics. OCP has found the application acceptable. This recommendation
- and dissolution method and acceptance criterion below should be conveyed to the Sponsor as appropriate.

Apparatus h

In vitro dissolution medium

Volume of dissolution medium

Medium temperature

Stirring speed

Acceptance criterion

OCP Briefing Notes:

A Required OCP Office Level CPB Briefing was held on August 29, 2006. The following staff were
attended: from OCP: Larry Lesko, Shiew-Mei Huang, Chandra Sahajwatla, Mehul Mehta, John Lazor, Atik
Rahman, Dennis Bashaw, Hae-Young Ahn, Kelly Reynolds, Jaya Vaidyanathan, Albert Chen, David Lee,
Srikanth Nallani, Sandhya Apparaju, Lei Zhang, Partha Roy, Atul Bhattaram; From DMEP: Mary Parks,
Ilan Irony, Hylton Joffe, Lina Aljuburi; From ONDQA: Stephen Moore.

During Briefing, the OCP management reached a consensus to recommend a dissolution method as a post .
approval test method, not disintegration. Speaking for the four OCP division directors present Dr. Bashaw
(Division Director, DCP-3), explained that disintegration does not necessarily correlate with solubilization
of drug substance. Dissolution testing, on the other hand, incorporates both disintegration and the
solubilization of drug substance into the media in its specification. As in the case with this drug,
dissolution testing did not discriminate between hardness values as once the tablet disintegrated, the high
solubility of the drug substance allowed it to enter the media readily. However, as a general release test,
disintegration is not generally considered adequate as there could be formulation changes in the future that
would result in decreased solubility (for example, a change in drug substance particle size) that would not
be picked up by disintegration testing but would be detected by dissolution testing. Given that the burden
of dissolution testing is minimal and is usually automated today, compared to the manual observation
required for disintegration testing, it is recommended that a dissolution test be used.

1.2 Phase IV Commitment
None '
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1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

* Single and multiple dose pharmacokinetics:

After oral administration of a 100-mg dose to healthy subjects, sitagliptin was rapidly absorbed, with
peak plasma concentrations (median Ty,,) occurring 1 to 4 hours post-dose. Following a single oral 100-mg
dose to healthy volunteers, mean plasma AUC of sitagliptin was 8.52 uMehr, C,,,, was 950 nM, and
apparent terminal half-life (t),) was 12.4 hours. Plasma AUC of sitagliptin increased approximately 14%
following 100-mg doses at steady-state compared to the first dose. The pharmacokinetics of sitagliptin was
generally similar in healthy subjects and in patients with type 2 diabetes.

e Absolute bioavailability and food effect:

The absolute bioavailability of sitagliptin is approximately 87%. The co-administration of a high-fat
meal with sitagliptin had no effect on the pharmacokinetics; sitagliptin may be administered with or
without food.

¢ Dose proportionality:

The power law model of geometric mean AUC, ., values versus dose administered along with the
fitted regression line indicated that the slope (90% CI ) was 1.00 (0.98, 1.01). The sitagliptin dose adjusted
(to 100 mg) AUC,., geometric least-squares mean ratio (GMR, 400 mg/100 mg) was 1.02 with
corresponding 90% CI of (0.99, 1.06). Therefore, sitagliptin AUC,... increases dose proportionally with
increasing dose across the tested dose range. Sitagliptin Cmax increases in a modestly greater than dose
proportional manner with dose.

o Distribution:

The mean volume of distribution at steady state following a single 100-mg intravenous dose of
sitagliptin to healthy subjects is approximately 198 liters. The fraction of sitagliptin reversibly bound to
plasma proteins is about 38%.

o Metabolism:

Sitagliptin is primarily eliminated unchanged in urine, and metabolism is a minor pathway.
Approximately 79% of sitagliptin is excreted unchanged in the urine. Following a ["*Clsitagliptin oral
dose, approximately 16% of the radioactivity was excreted as metabolites of sitagliptin. Six metabolites
were detected at trace levels and are not expected to contribute to the plasma DPP4 inhibitory activity of
sitagliptin. In vitro studies indicated that the primary enzyme responsible for the limited metabolism of
sitagliptin was.CYP3A4, with contribution from CYP2C8. Sitagliptin is a substrate of P-gp.

e Excretion:

Following administration of an oral ['4C]sitagliptin dose to healthy subjects, approximately 100% of
the administered radioactivity was eliminated in feces (13%) or urine (87%) within one week of dosing.
The renal clearance was approximatety 350 mL/min. Elimination of sitagliptin occurs primarily via renal
excretion and involves active tubular secretion. Sitagliptin is a substrate for human organic anion
transporter-3 (hOAT-3).

¢ Renal impairment:
Mild renal insufficiency increased sitagliptin AUC by 1.6 fold. An approximately 2-fold or greater
increase in the plasma AUC of sitagliptin was observed in patients with moderate renal insufficiency, and

an approximately 4-fold or greater increase was observed in-patients with severe renal insufficiency and in
patients with ESRD on hemodialysis, as compared to normal healthy control subjects. Sitaghiptin was
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modestly removed by hemodialysis (13.5% over a 3- to 4-hour hemodialysis session starting 4 hours
postdose). To achieve plasma concentrations of sitagliptin similar to those in patients with normal renal
function, 50-mg and 25-mg once a day are recommended for moderately renally impaired and severely
renally impaired or ESRD patients, respectively.

¢ Drug interactions:

In clinical pharmacokinetic studies, sitagliptin did not meaningfully alter the pharmacokinetics of
metformin, glyburide, simvastatin, rosiglitazone, warfarin, or oral contraceptives. Multiple doses of
sitagliptin slightly increased digoxin concentrations.

A single 600-mg oral dose of cyclosporine increased the AUC and C,,, of sitagliptin by approximately
29% and 68%, respectively.

¢ Pharmacodynamics:

In patients with type 2 diabetes, administration of single oral doses of sitagliptin leads to inhibition of
DPP-4 enzyme activity for a 24-hour period, resulting in a 2- to 3-fold increase in circulating levels of
active GLP-1 and GIP, increased plasma levels of insulin and C-peptide, decreased glucagon
concentrations, reduced fasting glucose, and reduced glucose excursion following an oral glucose load or a
meal.

e Exposure-response:

-The relationship between plasma sitagliptin concentrations and inhibition of plasma DPP-IV activity
was explored. No significant hysteresis was observed. Using an Emax model the plasma EC50 was 25.7
nM and the EC80 was approximately 100 nM. In a study of multiple doses of 25 mg to 600 mg sitagliptin
in healthy subjects, there was a dose- and concentration-related increase in the percent inhibition of plasma
DPP-]V enzyme activity for multiple doses from 25 to 600 mg. Multiple doses of 100 mg once daily or
higher were associated with geometric mean values for inhibition of DPP-1V activity at steady-state trough
of approximately 80% or higher. These pharmacodynamic data support a once daily dosing regimen for
sitagliptin in the treatment of type 2 diabetes.

e Analytical assay:

High turbulence liquid chromatography (HTLC) extraction and liquid chromatography/tandem mass
spectrometry (LC-MS/MS) methods were used to analyze sitagliptin concentrations in human biological
fluids (plasma, urine and dialysate). The lower limit of quantitation (LLOQ) for the plasma assay is 0.500
ng/mL (1.23 nM) and the linear calibration range is 0.500 to 1000 ng/mL (1.23 to 2455 nM). The assays are
selective and specific for sitagliptin in human biological fluids. The accuracy of the intra-day analysis
(n=5) of quality control (QC) samples did not deviate by more than 10% of the nominal concentrations.
The precision (coefficient of variation, CV%) of the intra-day analysis (n=5) of QC samples was less than
10% at each concentration.

2.  QUESTION BASED REVIEW (QBR)

2.1  GENERAL ATTRIBUTES OF THE DRUG

2.1.1  What are the highlights of the chemistry and physico-chemical properties of the drug substance,
and the formulations of the drug product?

Sitagliptin phosphate is described chemically as 7-[(3R)-3-amino-1-ox0-4-(2,4,5-trifluorophenyl)
butyl]-5,6,7,8-tetrahydro-3-(trifluoromethyl)-1,2,4-triazolo[4,3-a] pyrazine phosphate (1:1) monohydrate.
The empirical formula is C16HI15F6N50+H3P04-H20 and the molecular weight is 523.32. The structural
formula is as follows:
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Sitagliptin phosphate is a white to off-white, crystalline, non-hygroscopic powder. It is soluble in
water and N,N-dimethyl formamide; slightly soluble in methanol; very slightly soluble in ethanol, acetone,
and acetonitrile; and insoluble in isopropanol and isopropyl acetate.

2.1.2  What are the mechanism of action, therapeutic indication and dosage recommendations for
sitagliptin?

Mechanism of Action

Sitagliptin is the first member of a new class of oral anti-hyperglycemic agents called dipeptidyl
peptidase 4 (DPP-4) inhibitors. Incretin hormones, including glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP), are released by the intestine throughout the day, and levels are
increased in response to a meal. The activity of GLP-1 and GIP is limited by the DPP-4 enzyme, which
rapidly hydrolyzes the incretin hormones to produce inactive products. Sitagliptin prevents the hydrolysis
of incretin hormones by DPP-4, thereby increasing plasma concentrations of the active forms of GLP-1 and
GIP. By enhancing active incretin levels, sitagliptin increases insulin release and decreases glucagon levels
in a glucose-dependent manner. In patients with type 2 diabetes with hyperglycemia, these changes in
insulin and glucagon levels lead to lower hemoglobin Alc (A1C) and lower fasting and postprandial
glucose concentrations.

Proposed indications:

Sitagliptin is indicated as an adjunct to diet and exercise to improve glycemic control in patients
with type 2 diabetes mellitus.

Sitagliptin is also indicated in patients with type 2 diabetes mellitus to improve glycemic control
in combination with metformin or a PPARY agonist (e.g., thiazolidinedione) when diet and exercise, plus
the single agent do not provide adequate glycemic control.

Proposed dosage recommendation:

The recommended dose of sitagliptin is 100 mg once daily as monotherapy or as combination
therapy with metformin or a PPARy agonist (e.g., thiazolidinedione). Sitagliptin can be taken with or
without food.

Patients with Renal Insufficiency:

. For patients with mild renal insufficiency (creatinine clearance [CrCl] =50 mL/min, approximately
corresponding to serum creatinine levels of <1.7 mg/dL in men and <1.5 mg/dL in women), no dosage
adjustment for sitagliptin is required. :

For patients with moderate renal insufficiency (CrC! >30 to <50 mL/min, approximately

corresponding to serum creatinine levels of >1.7 to <3.0 mg/dL in men and >1.5 to <2.5 mg/dL in women),
the dose of sitagliptin is 50 mg once daily.
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For patients with severe renal insufficiency (CrCl <30 mL/min, approximately corresponding to
serum creatinine levels of >3.0 mg/dL in men and >2.5 mg/dL in women) or with end-stage renal disease
(ESRD) requiring hemodialysis, the dose of sitagliptin is 25 mg once daily. Sitagliptin may be administered
without regard to the timing of hemodialysis.

2.1.3  What are the highlights of the formulation of drug product?
Sitagliptin is supplied as a film-coated tablet. Details of the composition are shown in Table 1.

Table 1. Composition of Phase 111/ Final Market Image (FMI) Tablets

Component Phase III/FMI Phase HI/FM1 Phase IHI/FM1
Tablet T13 Tablet T10 Tablet T5
100 mg /tablet S8 my /tablet 28 mg /tablet

MK-0431-010X (equivalent free base)’
Calcium Phosphate Dibasic,: s  [JSP

Microcrystalline Cellulose NF - ewmw  NF |
Croscarmellose Sodium NF s
Sodium Steary] Fumarate NF

Magnesium Stearate (non-bovine) NF

Core Tablet Weight
Total Weight , | 416.0 [ 208.0 | 104.0
T Conversion factor of .used for free base to monohydrate phosphate salt form.

¥ Removed during processing

NA=Not Applicable in this formulation
NF =National Formulary

USP = United States Pharmacopeia.

2.2 General Clinical Pharmacology

2.2.1 What are the pharmacokinetic characteristics of a single dose of sitagliptin in healthy subjects
and patients with type 2 diabetes?

The sponsor conducted seven single dose pharmacokinetic studies in healthy subjects for 100 mg
dose through the drug development. The main pharmacokinetic parameters are summarized in Table 2.

Table 2. Mean pharmacokinetic parameters across Phase I studies following single oral 100-mg doses of
sitagliptin administered alone to fasting healthy subjects
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Al C?f)—lﬁ s rma,g T‘mux t 12 C lP.'
Study | Formudation | N | guMehn! | oD | in? | n® | tmbimindt | fld
POOE | Capsule 3 776 47 4 101 416 (7%
F3I3 | Capsule & 863 D50 2 9.58 415 0878
CPO27 | Phase 1 tablet | 12 838 T 25 12,2 NA NA
PO27 | FMI rablex 12 8.78 236 1,73 12.5 NA Na
PO29 | FM1 tabler 12 7.90 817 3 1.7 340 B.651
P33 [ FMI tablet 1 8.52 B30 £3 124 50 6738
PB37 | FMI tablet 8 713 FU6 4 11.6 365 {1,638
T Geometric Least-Squares Mean or Geomelric Mean.
! Median.

6 Hammonie Mean for Apparent Terminal ty;;
1 Arithematic 1 st-Squares Mean.
NA=Not applicable, urine was not collecied,

In a single dose pharmacokinetic study in patients with type 2 diabetes, 58 drug naive patients
enrolled. Each patient received single oral doses of 25 mg sitagliptin or 200 mg sitagliptin or placebo in
the fasted state in a randomized sequence. The PK parameters are summarized in Table 3.

Table 3. Summary statistics of sitagliptin plasma pharmacokinetic parameters following single oral
sitagliptin 25-mg and 200-mg doses to patients with type 2 diabetes (P005)

25 my 200 mg

Parameters N | Mean' | SD! N | Mem' | SD?
AUC 4, () 38 1.55 0.292 7 14.1 313
AUC o, (uMehr)® 7 2.0 0.32 7 158 273
o (M) 5% L4 351 57 1923 661
Cagpe (nb) 58 222 746 57 96.3 41.3
T e (hoULS) 38 4.0 I 57 20 13
Apparent terminal 1, Chours)® 7 13.1 2.58 7 11.0 177

or

—r,

' Geometric least-squares mean for AUC a0 AUC 0 Coe and Cyyy,. median
Traux ard harmenic mean for &y, '

18D = Between-subject standard deviation; Back-transformed from log scale for

AUC 540 AUC iy, Conas 800 Cagp Jackknife standurd deviation for 1,

AU, and apparent ty» were computed for patients with plasma MK-D431 samples

callected to 72 howrs postdose only.

[

The pharmacokinetic parameters were generally similar between patients with type 2 diabetes and
healthy subjects from the overall comparison..

2.2.1  What are the pharmacokinetic characteristics of multiple doses of sitagliptin in healthy subjects
and patients with type 2 diabetes?

In a double-blind, randomized, placebo-controlled, parallel-group, incremental dose study .with 7
treatment panels (Panels A, B, C, D, E, F, and G), each consisting of 10 healthy male subjects, Panels A to
E, each subject received 25, 50, 100, 200, or 400 mg sitagliptin (n=8) or placebo (n=2) once daily for 10
days (Days 1 to 10). In Panel F, each subject received 800 mg sitagliptin (n=8), or placebo (n=2) on Day 1
and 600 mg sitagliptin (n=8), or placebo (n=2) on Days 3 to 10. In Panel G, each subject received 300 mg
sitagliptin (n=8), or placebo (n=2) every 12 hours (twice daily, or b.i.d.) for 10 days (Days 1 to 10). The
pharmacokinetics of sitagliptin following multiple doses of sitagliptin, 25 to 600 mg q.d. and 300 mg twice
daily are summarized in Table 4.
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Table 4. Summary statistics of sitagliptin pharmacokinetic parameters following multiple doses of 25 to
600 mg sitagliptin in healthy young men at steady state (N=8) (P004)

25 mg 50 mg 100 mg 200 my 400 mg 50 mg 300 mg
Parameter q.d. q.d. g.d. q.d. q.d. q.d. b.i.d.

AUCh, uM-hr' 213 371 2:48 le2 296 314 218
Crnax, M} ‘ 172 366 Sl 229¢ 3790 TS50 4550
C, uM* 83 .2 197 151 225 370 254
T e 1 2 25 3 1 2 2 1
A.ppnmﬂ terminal 13.6 14,2 144 13.3 124 1.8 -
ty, hrt
fon.t 0707 0.698 0.758 D708 D.492 0.749 6.332
Clg’. mL/min 337 369 363 354 262 35t 428

””f‘_ A1 (“f"‘_ 1.24 1.29 1.14 1.05 1.07 1490
¢ j;“ E (_";1:‘ 1.24 1.32 1.07 o 1.04 - 141
c¥ic o5 1.24 1.29 134 1.15 123 — 1.51
Amumu.lanon 12 hid 8.59. 108 777 499 4.57 —— 6.55
" Geometric least-squares mean.
¢ Median.
¢ Harmenic mean.
I Fraction of dose excreted unchanged in urine extrapolated to infinity.
¥ Renal Clearance.
AUy = AUCq o4y for once daily doses and ATICy 2y, for twice datly doses.
T p.=T, p.2an; for once daily doses 'md fo12 e for twice daily doses.
C=Cyy for once daily doses and C 12 for twice datly doses.
S8=5teady-state (Day 10% SD=8ingle Dose (Day L,‘s.
g.d.=once daily: b.a.d.=twice daily.

The accumulation ratios for 25 mg, 100mg, and 400 mg QD are 1.24 (90% CI: 1.16,1.32),1.14
(90% CI: 1.06, 1.21), and 1.07 (90% CI: 1.00, 1.14), respectively. The average accumulation ratio (steady
state versus single dose) across the dose range studied for q.d. doses ranged from 1.05 to 1.29. Overall, the
multiple-dose data are consistent with that observed following single dose administration of sitagliptin.
Plasma AUCO-co increased approximately dose-proportionally over the range of doses studied (25 to 600
mg q.d.). Cmax increased in a slightly greater than dose proportional manner and C, increased in a less
than dose proportional manner. There was a trend toward shorter Tmax with increasing dose. The apparent
terminal elimination half-life was 11.8 to 14.4 hours over the dose range of 25 mg q.d. to 600 mg q.d.

2.2.3  Whatis the absolute bioavailability of sitagliptin and what is food effect on the
Pharmacokinetics of sitagliptin?

In a 2-Part, randomized, placebo-controlled, intravenous dose escalation study, the
pharmacokinetics of rising intravenous doses of sitagliptin and definitive absolute bioavailability/food
effect of sitagliptin in healthy adult subjects were evaluated,

Part I was a fixed-sequence design in which rising single intravenous doses of 25-, 50-, and 100-
mg sitagliptin (N=8) or matching placebo (N=2) were given in Periods 1, 2, and 3, respectively. The same 2
subjects in-each period received placebo. All intravenous doses of 51tag]1ptm were given after an overnight
fast. There was at least a 5-day washout between doses. In each period, blood and urine samples were
collected at specified time points for determination of sitagliptin concentrations. ‘Continuation of each
period was dependent on the tolerability of the previous dose. The pharmacokinetic parameters of
intravenous administration of sitagliptin are summarized in Table 5.

Table 5. Mean sitagliptin (SD) pharmacokinetic parameters following administration of 25-, 50- and 100-
mg intravenous doses of sitagliptin to healthy adult male and female subjects (N=8)
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Mean' (Between-subject SD* )
Parameter 253 mg Smg 108 me
AUC,, (nM<hr) 2.47(0.52 4.85{D.58) 985133
Coeoi (M) 342 (91) 830 (140) 1741 (184)
Cay b (M) 20.50(6.2) 32.8(5.0) 60.3(11.1)
Clz (mL/min) 249 (168) 340 (124) 279 (126)
Cl; (mL /i) 414 (88} 421 (50) 413 {<6)
Cl/ Clp 0.60 (0.33 0.81 {0.21) 0.67 (022
Vi (L) 262 (44) 234 (28) 198 (30)
MRT (hr) 10.39(D.82) 920(0.33 7.92{0.55)
Apparent Termuinal t;» (hr) 117(15) 123{0.7) 109 (1.0)
{0 0654 {6.263) 0.8281(0.172) 0.700 ¢{0.193)
" Mean = geometric’ mean for AUCq . Cagn Cayp. Clp. Cly and Clp/Cly, harmonic mean for
apparent ternunal t); and arithmetic mean for V., MRT and £, ...
* SD = Standard deviation; back-transformed from log scale for AUC ... Cooi, Clg, Cly and CL/Cl,,
rackknife SD for apparent ternumal 1.

For Part I1, a different group of 12 subjects was randomized and received 3 single doses of
snaghptm in a balanced, 3-period, crossover design: subjects recetved a 100-mg oral dose of sitagliptin in
the fasting state (Treatment A); after completion of a standard breakfast, subjects received a single 100-mg
oral dose of sitagliptin in the fed state (Treatment B) and subjects teceived a 100-mg intravenous dose of
sitagliptin infused over 2 hours in the fasting state (Treatment C). All doses of study drug were

administered with 240 mL water. There was at least a 5-day washout between doses. The results are
summarized in Table 6.

APPEARS THIS WAY
ON ORIGINAL
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Table 6. Mean sitagliptin (SD) pharmacokinetic parameters following 100-mg intravenous doses (fasted)
and food effect on AUCy.. (uM+hr) and Cmax (nM) following 100-mg oral dosing (fasted and fed) of
sitagliptin to healthy adult male and female subjects (N=12)

Mean (Between-subject SD¥)

1G0-me IV | 100-mg Oral 100-mg | GMRF (90% CT)

Paraneter Fasted Fasted " QOral Fad {fed/fasted oral)

AUC,.,, (uMehr) 9.08 (1.24) 7.90(1.22) | 817¢087) | 1.03(0.97.1.11)

Coaax (2M) NA §17 (2350 F72(180) | 0.94(0.86,1.03)
Tz (1) NA 30 (NAYT 3.0 (NAY NA
Apparent terminal t, . (lr) 106 (2.0} 11.7 2.0} 11.83(2.0) NA
Cly (nil/mm) 249 {168} 340 (124) NA NA
[ 0.731 (D.159) | 0.651 (0.149) NA NA

- Mean = geometric mean for AUCq.,. Cuas. Clr, harmonic mean for apparent terminal 1-» and

arithmetic mean for f, .

Meduan for T,

* SD = Standard deviation; Back-transformed from log scale for AUCq .y Case Clg, and jackknife
SD for apparent terminal t... ‘

GMR = geometric mean ratio (fed/fasted oral).

CI = confidence interval.

NA = not available.

The absolute bioavailability (AUC,.., following a 100-mg fasting oral dose / AUC,.,, following a
100-mg fasting IV dose) of sitagliptin was 87% with a corresponding 90% CI of (81%, 93%). The study of
food effect showed that the 90% CI for the AUC,.. GMR (0.97, 1.11) and for the Cmax GMR (0.86, 1.03)
fell within the bounds of (0.80, 1.25). This reviewer agrees with the sponsor that there is an absence of a
food effect on sitagliptin bioavailability.

2.2.7  Isthe chiral integrity of sitagliptin in human plasma evaluated?

Sitagliptin has one chiral center. The chiral integrity of sitagliptin in clinical plasma samples was
evaluated in Study P033. Following 200-mg doses, the samples collected at 2 hours (near Tmax) and 15
hours were assayed for presence of the enantiomer of sitagliptin. The results of the analysis revealed that
the concentration of the enantiomer to sitagliptin at each time point was below the assay limit of
quantitation (1.23 nM). Since the Cmax following the 200-mg dose is approximately 2000 nM, these
results indicate that sitagliptin plasma concentrations are at least 1600-fold higher than that of the
enantiomer. These results demonstrate that there is negligible chiral inversion of sitagliptin in vivo.

Figure 1. Chemical Structure of [14C] sitagliptin

o)
Lo
F HO™ 7\ Chiral
* O "
NH, O

N/\fN-N

*
LN
1.
Fr
The asterisk denotes the position of the C label
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2.2.7  Is sitagliptin pharmacokinetics dose-proportional?

In a single-center, open-label, randomized, 5-period, balanced crossover study, the dose
proportionality of sitagliptin tablets within the 25- to 400-mg dose range was assessed in 10 healthy adult
subjects. In each period, the subjects received either a single 25-, 50-, 100-, 200-, or 400-mg dose of
sitagliptin in the fasted state. Mean plasma concentration versus time profiles are depicted in Figure 2 and
the sitagliptin pharmacokinetic parameters are shown in Table 7.

Figure 2. Mean sitagliptin plasma concentrations following administration of single oral doses of Final
Market Image 25, 50, 100, 200, and 400 mg of sitagliptin to healthy male and female subjects (N=10)
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Table 7. Mean sitagliptin pharmacokinetic parameters following single oral doses of Final Market Image
tablets to healthy male and female subjects (N=10) (P033)

MEK-0431 LS Mean’ . MR (90% CIV
Parameter 25mg | 50mg | 109 mg [ 200me | 400mg | Slope (90% CIy 400 mg/ 100 mg
AUC, . udfhr 220 417 8.52 16.7 349 1.00(098. 1.0 1.02 (0.99.1.06)
Crax 8 177 378 930 2184 4949 121(1.17, 1.26) 1.30{1.13, 1.50)
Cospe BM 238 | 383 | 635 | 957 170 0.76 (0.67. €.72) 0.67 (0.62, 0.72)
Tosx BI° 3.5 25 1.3 2.0 25
t, b 13.1 13.0 12.4 11.7 113
Clp mLimin 325 357 350 342 347
£, o 0.707 0733 0.738 0.703 0744
* Geometric least-squares mean, back-transformed from log scale.
* Median.
* Arithmetic least-squares mean.
! Harmonic least-squares mean.
* Slope of log[PK parameter] versus logldose] from power-law model.
* Ratio of dose adjusted (1o 100 mg) geometric least-squares means {4C0 mg 100 mg).

A plot of geometric mean AUC,.,. values versus dose administered along with the fitted regression
line using the power law model is presented in Figure 3(Left). For AUC,., the slope (90% CI) by the
power-law model was 1.00 (0.98, 1.01). The sitagliptin dose adjusted (to 100 mg) AUC,... geometric least-
squares mean ratio (GMR, 400 mg/100 mg) was 1.02 with a corresponding 90% CI of (0.99, 1.06).
Therefore, sitagliptin AUC,.. increases dose proportionally with increasing dose across the tested dose
range.
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A plot of geometric mean Cmax values versus dose administered along with the fitted regression
line using the power law model is provided in Figure 3(Right). For Cmax, the slope and its 90% CI
estimated by the power-law model was 1.21 (1.17, 1.26). These results suggest that sitagliptin Cmax
increases in a modestly greater than dose proportional manner with dose.

Figure 3. Sitagliptin AUC0-c0 and Cmax versus dose following single oral doses of Final Market Image 25,
50, 100, 200, and 400 mg to healthy male and female subjects (P033)
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Based on the nature of drug action, this reviewer agrees that AUC is anticipated to be the most
relevant pharmacokinetic parameter for a DPP-1V inhibitor. Sitagliptin PK can be considered as dose

proportional.
2.2.10 What is characteristics of sitagliptin metabolism and elimination?

In a mass balance study, 6 healthy male subjects received 83.04 mg ['*“) sitagliptin followed by
collection of plasma, urine, and feces for 7 days. Approximately 100% of the oral radioactivity dose was
recovered with 87% in urine and 13% in feces over the 1-week postdose collection interval. Approximately
79% of the sitagliptin dose was excreted unchanged in urine, indicating that the major pathway of
elimination of sitagliptin is via urinary excretion. Approximately 16% of the oral radioactivity dose was
recovered as metabolites (13% of the dose in urine and 3% of the dose in feces), indicating that metabolism
is a minor pathway of elimination of sitagliptin. Parent compound, sitagliptin accounted for the majority of
the radioactivity in plasma (74%), as determined by the ratio of sitagliptin AUC and radioactivity AUC.

Six metabolites were detected at trace levels, each representing <8% of the radioactivity
in plasma [Figures 4 and 5]. The most abundant metabolites in plasma were M5 (4 to 7% of radioactivity)
and M2 (1 to 6%), both of which are formed by oxidative desaturation of the piperazine ring followed by
cyclization. Other metabolites included M6 (a group of hydroxylated derivatives; 1 to 4%), M1 (N-sulfate
conjugate; 2 to 4%), M4 (carbamoyl glucuronide conjugate; 1%) and M3 (ether glucuronide conjugate of a
hydroxylated derivative; <1%). Three of the six metabolites of MK-0431 (M1, M2, and MS) observed in
plasma have a known structure and were tested in vitro and shown to have no appreciable plasma DPP-IV
inhibitory activity (the other three metabolites were not tested for inhibition of DPP-1V activity). Two of
the metabolites not tested for activity (M3 and M4) are glucuronide conjugates. M6 is a very minor
metabolite only present in trace levels; the exact structure(s) are not known.
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Figure 4. Main Biotransformation Pathways For [14C]sitagliptin in Humans (P009)
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Figure 5. Radiochromatograms of plasma from humans (80 mg) after oral administration of ['*C] sitagliptin
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2.2.10  What are findings from in vitro drug metabolism and transporter studies on sitagliptin?

The in vitro metabolism of sitagliptin was studied in microsomes and hepatocytes prepared from
human livers. The results demonstrated minimal in vitro metabolism of sitagliptin by liver microsomes and
hepatocytes. One-hour incubations of 10 pM !"4C! sitagliptin with an NADPH-regenerating system and
human liver microsomes resulted in no more than 13% turnover. Similarly, less than 15% of 10 pM
“"qsitagliptin was metabolized afier 4-hr incubations with human hepatocytes. LC-MS/MS analysis of
microsomal and hepatocyte incubation extracts revealed the presence of M2 and M35, and M6 in human
liver microsomes, and human hepatocytes.

Sitagliptin was evaluated as a reversible inhibitor of seven human liver microsomal cytochrome
P450 (CYP) activities. The IC50 values of sitagliptin for all the CYP activities tested (CYP1A2, 2B6, 2C8,
2C9, 2C19, 2D6, and 3A4) were >100 pM. Also, sitagliptin was evaluated as a potential pre-incubation
time-dependent inhibitor of human liver CYP3A4 (testosterone 6B-hydroxylase) activity. The results
indicated that sitagliptin was not a time-dependent inhibitor of CYP3A4.

The potential of sitagliptin to induce CYP3A4 mRNA expression and enzyme activity in haman
primary hepatocytes from three organ donors was evaluated. CYP3A4 mRNA expression levels and
CYP3A-mediated testosterone 6B-hydroxylase activity in the hepatocyte cultures were quantified after
treatment with sitagliptin (1 and 10 uM) and compared to vehicle and positive (rifampicin, 10 uM)
controls. The data indicated that CYP3A4 mRNA expression and activity were not affected meaningfully in
response to sitagliptin treatment (1 and 10 uM). The CYP3A4 mRNA levels and activity were within 10 to
30% of the values in solvent-treated hepatocytes, except for the mRNA expression in one of the hepatocyte
incubations with 1 uM sitagliptin, which was ~50% lower than the value in the solvent control incubation.
The response to the positive control rifampicin (10 pM) was 7.9- to 10-fold increase in CYP3A4 mRNA
expression, and 8.4- to 15-fold increase in CYP3A activity. These data suggest that MK-0431 has no
potential to induce CYP3A4. .

The bi-directional transport of sitagliptin (10 uM) was evaluated in LLC-PK1 celis expressing the
human multidrug resistance gene, MDR1. In MDR1 expressing cell lines, sitagliptin exhibited greater
basolateral to apical (B—A) than apical to basolateral (A—B) transport, indicating that sitagliptin is a
substrate of the human and mouse P-gp.

The effect of sitagliptin on human MDR1 P-glycoprotein (P-gp)-mediated efflux transport of
several known P-gp substrates was evaluated using bi-directional transport studies in LLC-PK1 cells and
LLC-PK1 cells stably expressing a human MDR1 cDNA. At concentrations of 0.3 to 500 M, sitagliptin
had no inhibitory effect on the MDR1 P-gp mediated transport of digoxin, verapamil, ritonavir, and
vinblastine. Sitagliptin weakly inhibited MDR1 Pgp-mediated transport of quinidine at 500 pM (~30%
decrease), but had no effect at 0.3 to 250 uM. On the contrary, cyclosporin A, a known potent P-gp
inhibitor, significantly inhibited MDR1 Pgp-mediated transport of sitagliptin with an IC50 of 1.1 £ 0.3 pM.

The sponsor conducted in vitro uptake experiments with different cell lines expressing several of
the known human renal transporters, namely hOCT2, hOATI1, hOAT3, hOAT4, and hPEPT1. The results
indicated that sitagliptin is a low affinity substrate of hOAT3, not a substrate of hOCT2, hOAT1 or
hPEPTI1. The data on hOAT4 were inconclusive.

Overall, in vitro assays indicated that at clinically relevant concentrations, sitagliptin did not
inhibit cytochrome P450s or P-glycoprotein, nor did it induce human CYP3A4. Sitagliptin was shown to
be a substrate of the human P-glycoprotein and the human renal organic anion transporter hOAT3.

2.2.8  What is plasma protein binding for sitagliptin?
The reversible binding of Hlsitagliptin to plasma proteins was determined by ultracentrifugation.
The percent of binding was similar in all species tested, with mean values of 32, 33, 32, 33, and 38% in the

mouse, rat, rabbit, dog, and human, respectively. Although slightly different concentrations were tested in
the different species (concentrations were adjusted based on the clinically relevant levels in each species),
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there was no evidence that protein binding was concentration dependent, except possibly in rabbit plasma,
where protein binding appeared to decrease from 42% at 0.02 pM to 29% at 0.2 pM, and 24% at 2 pM.
Following incubation of " lsitagliptin with a solution of albumin and alphal-acid glycoprotein at
physiologically relevant concentrations of these plasma proteins, 40 and 0.4 mg/mL, respectively, binding
was more extensive to albumin (64%) than alphal-acid glycoprotein (25%).

2.2.9  What is the effect of sitagliptin on the inhibition of DPP-IV activity following single oral doses
and multiple doses in healthy subjects and type 2 diabetic patients?

The effect of sitagliptin on pharmacodynamics following single rising doses was investigated in
Studies P001, 003, PO09. The weighted average inhibition (WAI) of plasma DPP-IV activity over 24 hours
was 80% or hlgher for doses of 100 mg and above relative to placebo (Figure 6). These data support once
daily dosing of sitagliptin for the treatment of type 2 diabetes.

Figure 6. Mean percent inhibition (%) of DPP-IV activity from baseline versus time (hours) postdose after
single oral doses of sitagliptin in healthy young male subjects (N=6) (P001, PO01C1) (Mean SE)
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The relationship between plasma sitagliptin concentrations and inhibition of plasma DPP-IV
activity was explored. No significant hysteresis was observed; that is, plasma DPP-IV inhibition is
dependent on plasma concentration only, and not on time. Using an Emax model the plasma EC50 was
25.7 nM and the EC80 was approximately 100 nM, predicting that plasma sitagliptin concentrations at
trough of approximately 100 nM or higher will be associated with near maximal efficacy in glycemic
control [Figure 7].

Figure 7. Inhibition of plasma DPP-1V activity versus sitagliptin plasma concentrations following single

oral doses of 1.5 to 600 mg to healthy young male subjects (P001, POO1C1) (solid line indicates the model
ﬁtted curve; inset indicates log scale)
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The plasma DPP-IV inhibition time profiles after single oral doses of sitagliptin were studied
in elderly male, elderly female, young female and young obese male subjects. The results are generally
similar [P003].

There was a dose- and concentration-related increase in the percent inhibition of plasma DPP-IV
enzyme activity for multiple doses from 25 to 600 mg [P013]. Multiple doses of 100 mg once daily or
higher were associated with geometric mean values for inhibition of DPP-IV activity at steady-state trough
of approximately 80% or higher [Figure 8]. These pharmacodynamic data support a once daily dosing
regimen for sitagliptin in the treatment of type 2 diabetes. The relationship between sitagliptin plasma
concentrations and plasma DPP-IV inhibition was evaluated on Day 1 and Day 10 to determine if this
PK/PD relationship was altered with multiple oral doses. Fitting the data to an Emax model, no substantial
differences in the EC50 value were observed between Day 1 and Day 10. The EC50 value on Day 10 was
approximately 26 nM and the estimated EC80 value was approximately 100 nM. Following the
administration of standardized meals at various times postdose, sitagliptin was associated with an increase
in post-meal active GLP-1 levels. Following the administration of each standardized meal, doses of 25 mg
or higher were associated with approximately 2-fold or greater increases in active GLP-1 levels, and 2- to
3-fold increases in the ratio of active to total GLP-1 levels, as compared to placebo.

Figure 8. Percent inhibition (%) of DPP-1V activity from baseline (mean + standard erTor) versus time
(hours) postdose on Days 1 and 10 after multiple oral doses of sitagliptin in healthy young male subjects
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In patients with type 2 diabetes (P005), the 200-mg dose was associated with approximately 95%
plasma DPP-IV inhibition through 12 hours postdose falling to approximately 80% inhibition at 24 hours
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postdose. The -25»mg dose was associated with peak inhibition of approximately 85% inhibition falling to
approximately 50% inhibition at 24 hours postdose (Figure 9).

Figure 9. Plasma DPP-IV percent inhibition from baseline following single oral doses of sitagliptin or
placebo in patients with type 2 diabetes (Mean + SE)

Percant Inhibition
From Bassline

Therefore, sitagliptin inhibited plasma DPP-IV activity in a dose and concentration-dependent
manner.

2.2.10 What is the effect of sitagliptin on pharmacodynamics following single oral doses in type 2
diabetic patients?

In a 3-period crossover study (P005), patients with type 2 diabetes on diet-exercise treatment alone
received single oral doses of 25 mg and 200 mg sitagliptin or placebo. Results showed that sitagliptin
reduced glycemic excursion following an OGTT (Oral Glucose Tolerance Test) at 2 hours postdose. Both
the 25- and 200-mg doses of sitagliptin were associated with significant (p<0.001) reductions in
incremental glucose AUCq_540 mia compared to placebo by 26% following the 200-mg dose and by 22%
following the 25-mg dose. The reduction in incremental glucose AUC following the 200-mg dose was not
statistically significantly different from that observed following the 25-mg dose (Figure 10). Following an
OGTT at 24 hours postdose in a subset of patients (n=19), incremental glucose AUC. 29 min Was reduced by
18% after the 200-mg dose and by 9% after the 25-mg dose (Figure 11).

Figure 10. Plasma glucose (mg/dL) following single oral doses of sitagliptin or p]acebo and an OGTT at 2

hours postdose in patients with type 2 diabetes (geometric mean + SE)
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Figure 11. Plasma Glucose (mg/dL) following single oral doses of sitagliptin or placebo and an OGTT at
24 hours postdose in patients with type 2 diabetes (geometric Mean + SE)
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Following an OGTT at 24 hours postdose, sitagliptin treatment significantly increased active GLP-
1 levels, approximately 1.9-fold for the 200-mg dose and approximately 1.3-fold for the 25-mg dose, as
compared to placebo. Following the OGTT at 2 hours postdose, the post-OGTT insulin AUCy_,20 min GMR
(active/placebo) and corresponding 95% CI were 1.21 (1.11, 1.32) and 1.22 (1.12, 1.33) following the 200-
mg and 25-mg doses, respectively. The post-OGTT C-peptide AUC. 129 min GMR (MK-043 1/placebo) and
corresponding 95% CI were 1.21 (1.13, 1.28) and 1.13 (1.07, 1.20) following the 200-mg and 25-mg doses,
respectively. The post-OGTT glucagon AUCq 120 min GMR (MK-0431/placebo) and corresponding 95% CI
were 0.86 (0.81, 0.92) (p<0.001) and 0.93 [0.87, 0.99] (p=0.020) following the 200-mg and 25-mg doses,
respectively. :

Therefore, sitagliptin reduced post-OGTT glucose excursion, enhanced active GLP-1 and GIP
levels, enhanced post-OGTT C-peptide and insulin levels and reduced post-OGTT glucagon levels in a
dose dependent manner.

2.2.11 What is the justification for 100-mg dose once a day regimen?

Pharmacokinetic and pharmacodynamic analyses from the single dose study in patients with type
2 diabetes (P005) suggest that near-maximal reduction of post challenge glucose excursion is associated
with sitagliptin plasma concentrations of approximately 100 nM or higher, plasma DPP-IV inhibition of
80% or higher and augmentation of post-challenge active GLP-1 levels of 2-fold or higher. It was reasoned
that for optimal chronic glucose lowering in patients with type 2 diabetics, the plasma DPP-IV inhibition
should be 80% or greater at trough. These data served as the basis for selecting doses in the Phase 1I dose
range finding studies (P010 and P014).

Four Phase II studies were performed, 2 dose-range finding studies (P010, P014), a metformin
combination study (P015), and a study in Japanese patients with T2DM (RC431A201). The 2 dose-range
finding studies (P010 and P014) examined doses from 10 to 100 mg per day of sitagliptin in monotherapy
use. Results of the studies showed that 100 mg per day, either as 100 mg q.d. (as assessed in P014) or 50
mg b.i.d. (as assessed in P010), provided maximum glucose-lowering; there was no meaningful difference
in efficacy with sitagliptin 100 mg administered as 100 mg once-daily or as 50 mg administered twice-daily
(as assessed in P014). Thus, these studies supported the selection of the sitagliptin 100 mg dose
administered once-daily for further development. Since no clear platean between 50 and 100 mg per day
was established, doses above 100 mg per day were considered to have the potential to provide additional
glycemic benefit. For this reason, a dose of 200 mg per day was included in selected Phase 111 studies
(Table 8). Results from these two Phase 3 trials exhibited inconsistent findings since 200-mg showed more
efficacy than 100-mg in Study PO21V1, but less efficacious in Study P032V1. Therefore, 200 mg did not

ENDA21-995NDA21995-Januvia-12-16-2005.doc 18



demonstrate a better efficacy than 100-mg. This reviewer agrees with sponsor that 100-mg once a day can
be recommended for all patients but with renal insufficiency.

Table 8. Analysis of change from baseline in HbAlc (%) at study endpoint all-patients-treated population
P021V1, P023V1 Phase 11l monotherapy studies

Mean (SDY Change From Baseline
LS Mean Difference
Study Mean 93% C1 From Placebo
Treatment N Baseline Endpoim (SE) LS Mean {SE) | for LS Mean (85% CT;

P021V1 (Study Endpoint=\Week 24)

ME-0431100mg gd. | 229 | BO1(088) | 736(1.13) [-0.62(6.07) [ -0.61 (0.08) | (-0.74.-0.49% | -0.77 (-0.96. 062
MK-0431 200mg q.d. | 238 | 8.03(0.04) | T31(1.14) | 0.78{0.06) | -0.76 (0.06) | (-0.88, -0.64) | 094 (111,077
Placebo 244 | 803 (082 | 8.20013%) | 017007 | 018 hosy | ro0s 030 -

PO23V1 (Study Endpeint=Week 18}

MK.0431 100 mg qd."| 193 | 8.04(0.82) [ T58(1.15) [-046(0.06) | -048 (0.07) | (-0.61. 0.35) | -0.60 (0.52, 035
MK-0431200mg gd. | 199 | 814(0.91) | T.81(131) | -034(6.07) | -0.367(0.06) | (-048, -023) | -048" (-0.70, -026)
Plzcebo 103 | 8050050y | 821{13%) | 0.16(0.09) | ©12¢009) | (-2.05 0.30) -

" 0001, ps(03,
CI=Confidence Intersal; LS=Least Seuares; SD=Standard Deviaticn; SE=Standard Error.

2.2.12 Is there an evidence of dose/concentration response relationship? (by Dr. Atul Bhattaram, PM
reviewer)

Yes, there is an evidence of dose-response relationship. Sponsor evaluated the effects of various
doses and once-a-day/twice-a-day dosing regimen in Phase 11 studies (P010, P014). In study PO10, patients
were randomized in a balanced fashion to one of 6 treatment groups: 4 doses of MK-0431 (5, 12.5, 25 or 50
mg b.i.d) placebo or Glipizide 5-20 mg (elective transition). In study P014, patients were randomized in a
balanced fashion to 1 of 5 treatment groups: 3 once-daily doses of MK-0431 (25,50 or 100 mg) orto a
twice-daily dose of MK-0431 (50 mg b.i.d), or to placebo. The studies had 12-week double blind treatment
periods. Figure 12 below shows the dose-response relationship from both P010 and P014 studies for the
primary endpoint (% change in HbAlc relative to placebo). There was no difference in the primary
endpoint when MK-0431 was administered as 50 mg b.i.d or 100 mg g.d. Based on these findings sponsor
evaluated the effects of 100 and 200 mg q.d in Phase 1II studies. The Phase I1I monotherapy studies
(P021V1 and P023V1) were placebo-controlled, double-blind, randomized, parallel group studies. Study
P021V1 had a 24-week double-blind treatment period and Study P023V1 had al8-week double-blind
treatment period. Figure 13 shows the time course of changes in HbAlc in the Phase 111 studies. Overall
the sponsor well identified the intended dose of 100 mg q.d for approval.

>

Figure 12. Dose-response (placebo subtracted LS Mean Difference in %HbA1c) relationship after various
dose(s)/dosing regimens of MK-0431.
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Figure 13. LS Mean change from baseline in HbAlc (%) Over Time (LS Mean + SE) by treatment group
all-patients-treated population with data carried forward P021V1, P023V1 Phase III monotherapy studies
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2.2.13  Whatis the effect of sitagliptin on QT intervals?

In a 2-center, randomized, double-blind, placebo-controlled, double-dummy, 4-period crossover
study in 86 (79 were available for final QTc analysis) healthy subjects, the potential effect of therapeutic
and supratherapeutic doses of sitagliptin on QTc interval prolongation was assessed. Each period consisted
of a single oral dose of either 400 mg moxifloxacin, 100 mg sitagliptin, 800 mg sitagliptin, or placebo.
There was a 7-day washout interval between periods.

The primary endpoint of this study (based upon the draft ICH E14 guidance) was the change in
QTef (Fridericia’s correction=QT/RR1/3) interval from baseline as measured from digital 12-lead ECGs
recorded on & emesmmmms  digital Holter recorder and subsequently extracted by the core laboratory
according to the time points specified in the protocol (baseline predose, 1,2, 3, 4, 5, 8, and 12 hours
postdose). The interpretation of all of the ECGs was done in a blinded fashion by a centralized core
laboratory. ECGs for an individual subject were interpreted by the same cardiologist. Five replicates of
ECGs were extracted from each time point and the intervals were averaged to reduce the variability of the
measurement and to increase precision of the estimate.

The baseline value for QTc interval was defined as the average of 5 replicate baseline QTc
intervals from the predose ECGs. The primary hypothesis tested in this study was that the change in QTc
interval from baseline compared to placebo will be less than 10 msec at time points that are most likely to
correspond to the peak concentration of sitagliptin (3 hours following the 100-mg dose and 1 hour
following the 800-mg dose; based on historical data). The change in QTc interval at all of the time points
studied was assessed and summarized to identify maximal mean effects on QTecf.

The QTcf change from baseline over time following each dose and after moxifloxacin is indicated
in [Figure 14]. Following a dose of 100 mg, there was no statistically significant nor clinically meaningful
increase in QTcf observed at any time point. The supratherapeutic sitagliptin 800-mg dose was associated
with a small but statistically significant increase in QTcf; the maximum mean increase in the placebo-
corrected change in QTc from baseline at 3 hours postdose was 8.0 msec (the upper bound of the one-sided
95% CI was 10.6 msec). At the prespecified time point of 1 hour, the mean change in QTcf from baseline
was 3.7 msec (the upper bound of the one-sided 95% CI was 6.2 msec) for the 800-mg dose, supporting the
primary hypothesis. There were no extreme values in this study and categorical analysis of the data did not
demonstrate any differences in maximum QTcf (>450 msec, >480 msec, and >500 msec), nor any
differences in the maximum QTcf change from baseline (>30 msec and >60 ms) across the 2 doses of
sitagliptin and placebo.
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Figure 14. Mean (90% CI) QTcf change from baseline differences (active —placebo) for sitagliptin and
moxifloxacin treatments and by time point following administration of single oral doses of 100-mg and
800-mg sitagliptin and moxifloxacin to healthy male and female subjects (P032)
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The sensitivity of the assay to detect modest increases in QTc interval was established
with the positive control moxifloxacin. The mean placebo-corrected QTcf change from baseline differences
associated with moxifloxacin ranged from 7.0 msec to 13.9 msec. A plot of individual placebo-corrected
QTcf change from baseline values versus plasma sitagliptin concentrations and a fitted line based upon a
linear model are shown in [Figure 15].

Figure 15. Individual QTcf change from baseline (placebo-corrected) values versus plasma sitagliptin
concentration and the fitted linear PK/QTc model following administration of single oral doses of 100-mg
and 800-mg sitagliptin to healthy male and female subjects (P032)
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The PK/QTc model demonstrated a shallow relationship between the plasma concentration of
sitagliptin and the placebo subtracted QTcf change from baseline. Using the 95% upper-one sided
confidence limit of the model-based PK-QTec relationship is used (corresponding to a slope of 0.86
msec/1000 nM), the predicted 95% upper CI for the increase in QTecf for a 100-mg dose at Cmax would be
0.82 msec. The linear model predicts that plasma concentrations up to 8500 nM (approximately 9-fold

‘higher than the anticipated Cmax of a clinical dose of 100 mg) would result in a mean placebo-corrected
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QTcf change from baseline below 5 msec. This reviewer agrees that sitagliptin dose not generate clinically
meaningful QTc prolongation at therapeutic doses.

2.3 INTRINSIC FACTORS
2.3.1 Age, Gender, Race:

J Do age, gender, body weight and race impact the pharmacokinetics of sitagliptin?

In a Phase I study (P003), the effects of age, gender, body weight were evaluated preliminarily on
the pharmacokinetics of sitagliptin. The resuits of this study indicated that (1) elderly subjects (>65 years)
had slightly higher plasma sitagliptin concentrations as compared to the young (<45 years). Pooled across
genders, the AUCO-c0 and Cmax GMRs values (Elderly/ Young) with corresponding 90% Cls were 1.31
(1.19, 1.43) and 1.23 (1.04, 1.46), respectively; (2) female subjects exhibited a similar AUCO-o0, but
modestly higher Cmax values than male subjects. Pooled across age groups, the AUC0-o0 and Cmax GMRs
(female/male) with corresponding 90% Cls were 1.07 (0.97, 1.17) and 1.46 (1.23, 1.73), respectively; (3)
sitagliptin AUCO-c0 was modestly lower while Cmax was similar for young male obese subjects as
compared to the young male non-obese subjects. The AUCO-cc and Cmax GMR values (obese male/non-
obese male) with corresponding 90% CIs were 0.77 (0.69, 0.86) and 0.91 (0.73, 1.14), respectively.

A population pharmacokinetic analysis of Phase I and Phase II data was performed by the sponsor
to analyze the effects of demographic factors and special populations on pharmacokinetics of sitagliptin.
Please see the pharmacometrics review on this topic.

2.3.2 Renal impairment:

] What is the effect of renal impairment on sitagliptin pharmacokinetics?

The sponsor conducted a multi-center, open-label, 2-part study in 24 patients with renal
insufficiency and 6 healthy concurrent control subjects. The primary objectives are to investigate the effect
of varying degrees of renal insufficiency on the pharmacokinetics of sitagliptin after administration of a
single 50-mg dose in Parts I and II and to investigate the extent to which sitagliptin is removed from plasma
by hemodialysis in Part I1.

In Part I, 18 patients with renal insufficiency (6 mild, 6 moderate, and 6 severe) and 6 healthy
concurrent control subjects recetved a single 50-mg oral dose of sitagliptin, followed by 96 hours of plasma
sampling for sitagliptin levels. Urine for sitagliptin concentrations was also collected for 48 hours postdose.

In Part II Period 1, 6 patients with End-Stage Renal Disease (ESRD) requiring hemodialysis
received a single 50-mg oral dose of sitagliptin followed by 96 hours of plasma sampling for sitagliptin
levels. InPeriod 1, these subjects took the drug immediately following their normally scheduled
hemodialysis. A subsequent hemodialysis session initiated at approximately 48 hours postdose. In addition
to plasma sampling, dialysate samples were collected every % hour during hemodialysis and at the end of
dialysis for sitagliptin assay. Part Il Period 2 consisted of the same 6 patients on hemodialysis from Period
1. These subjects received a single oral dose of 50 mg of sitagliptin 4 hours prior to their normally
scheduled hemodialysis followed by 72 hours of plasma sampling for sitagliptin levels. In addition, pre and
post dialysate plasma samples were collected every half hour during hemodialysis. There was a washout
interval of at least 1 week between dosing in Periods 1 and 2 of Part II.

The pharmacokinetic parameters from the renal insufficiency patients enrolied in this study were
compared to pharmacokinetic parameters obtained from control subjects (with normal renal function)
enrolled in this study as well as those obtained from historical healthy controls that received single oral
" doses of sitagliptin in other studies (001, 002, 003, 006, 008, 013, 017, 027, 029, 033 and 037). The
summary PK parameters and statistical analysis are presented in Table 9 and Figure 16.
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Table 9. Summary statistics of sitagliptin pharmacokinetic parameters following administration
of single oral doses of 50 mg sitagliptin in patients with varying degrees of renal insufficiency and normal
healthy subjects

Parameter | Healthy Mild Moeoderate Severe ESRDt+
N=82t N=6 N=6 N=6 N=6
Mean} Meani GMR§ Mean} GMR§ Meani GMR§ Mean} GMR§
[90% CI] [90% CI] [90% CI1] [90% CI]
AUC, 4.40 7.09 1.61 9.96 2.26 16.6 397 19.8 4.50
(pM-hr) (1.43,1.81) (2.02,2.53) (3.37,4.22) (4.03,5.03)
Cinax (nM) 391 527 135 560 1.43 684 1.75 556 142 .
(1.15,1.58) | (1.23,1.67) (1.51,2.03) (1.22,1.65)
Cz4 (nM) 43.7 833 1.91 129 2.96 228 522 260 5.95
| (1.60,2.28) (2.50,3.50) (4.42,6.16) (5.04,7.02)
Tumax (hr) 3.0 3.0 p=0.303 3.0 p=0.7713.5 35 p=0.696 5.0 p=0.027
t1/2, (br) 13.1 16.1 p=0.01] 19.1 p<0.001 22,5 p<0.001 284 p<0.001
[ 0.76 0.84 0.09 0.64 ’ -0.12 0.52 -0.24 NA NA
(0.01,0.16) (-0.18, -0.05) (-0.30,-
0.17)
Clr?, 339 242 0.71 126 0:37 60.2 0.18 NA NA
(mL/min) | (0.63,0.81) (0.33,0.42) (0.16,0.20)

t Sample size for AUCO-cowas 151 and 58 for fe,0-ccand CIR. Healthy control data included data from MRL studies 001, 002, 003,
006, 008, 013, 017, 027, 029, 033, and 037.

1 Geometric least-squares mean for AUCO-cc, Cmax, C24, and CIR; median for Tmax; harmonic mean for t1/2; arithmetic mean for
fe,0-c0.

§ GMR = Geometric Mean Ratio; Cl = Confidence Interval: p-values reported for Tmax and t1/2; Arithmetic mean difference and
90% confidence intervals reported for fe,0-c0.

Apparent Terminal t1/2.

9 Fraction of dose excreted unchanged in urine extrapolated to infinity.

# Renal Clearance.

-}1 Dose-adjusted to 50 mg (single oral doses of 1.5 to 600 mg) for historical controls.

11 For the patients with hemodialysis at 48 hours postdose.

NA=not applicable; urine was not collected for ESRD patients.

Figure 16, Mean sitagliptin plasma concentrations following administration of single oral 50-mg doses of
sitagliptin to patients with varying degrees of renal insufficiency and healthy subjects
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A plot of dose-adjusted (to 50-mg) AUCO-co vatues versus creatinine clearance is depicted in
Figure 17. Data from this study and historical control studies are shown in this figure. The horizontal lines
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indicate the estimated AUCO-co at twice the geometric mean and one-half of the geometric mean AUCO0-c0
for control subjects with normal renal function. Examination of the plot indicates a trend for increasing
AUCO0-o0 with decreasing creatinine clearance.

-t

Figure 17. Sitagliptin plasma AUCO-c0 (Dose-Adjusted to 50 mg) versus creatinine clearance following
administration of single oral doses of sitagliptin to patients with varying degrees of renal insufficiency and
healthy control subjects
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A comparison of mean plasma concentration-time profiles for end stage renal disease (ESRD)
patients with hemodialysis administered at approximately 4 or 48 hours postdose is provided in Figure 18.
This plot depicts plasma sitagliptin plasma concentrations entering the dialysis machine (pre-dialyzer) and
after leaving the dialysis machine (post-dialyzer) for the 4-hr dialysis session as well as mean sitagliptin
plasma concentrations from samples taken up to 72 hours postdose. Following the 4-hour dialysis session,
the plasma sitagliptin concentrations were slightly lower as compared to plasma concentrations when
hemodialysis occurred at 48 hours postdose. Values for AUCOQ-00, AUCO0-48 hr, and C24 hr were
approximately 21, 19, and 18% lower when hemodialysis occurred at 4 hours postdose as compared to
when hemodialysis occurred at 48 hours postdose. The effect of hemodialysis on the sitagliptin apparent
terminal t1/2 was not statistically significant (p > 0.050).
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Figure 18. Mean sitagliptin plasma concentrations following single oral 50-mg doses of sitagliptin to end
stage renal disease patients undergoing hemodialysis at 4 or 48 hours postdose
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This reviewer agrees with the sponsor that since sitagliptin plasma exposure increase less than 2-
fold, mild renal insufficiency may not have a clinically meaningful effect on sitagliptin pharmacokinetics.
Therefore, no dose adjustment is required for individuals with a creatinine clearance >50 mL/min/1.73 m2.
Patients with moderate renal insufficiency should receive 1/2 (half) of the usual clinical dose of sitagliptin
since renal insufficiency have an approximately 2-fold higher plasma drug exposure as compared to
subjects with normal renal function. Patients with severe renal insufficiency and end stage renal disease
(ESRD) requiring hemodialysis have an approximately 4-fold higher plasma drug exposure as compared to
subjects with normal renal function. Patients with severe renal insufficiency or ESRD should receive 1/4th
(one-fourth) of the usual clinical dose of sitagliptin. Hemodialysis removes sitagliptin by only a modest
extent. Sitagliptin can be administered without respect to the timing of hemodialysis in patients with ESRD.
This reviewer agrees with these conclusions.

2.3.3  Hepatic impairment,

. What is the effect of hepatic impairment on sitagliptin pharmacokinetics?

The sponsor conducted a single-center, open-label study comparing the pharmacokinetics after
administration of single 100-mg doses of sitagliptin to patients-with moderate hepatic insufficiency with
healthy control subjects matched to each patient for race, age, gender, and body mass index (BMI). Ten
patients with moderate hepatic insufficiency (a score of 7 to 9 on the Child-Pugh’s scale) and ten healthy
matched control subjects were enrolled in the study. Blood and urine samples for determination of plasma’
and urine sitagliptin concentrations were collected predose and at various time points up to 48 hours (urine)
and 96 hours (plasma) after the drug administration on Day 1. Sitagliptin pharmacokinetic parameters are
summarized in Table 10. AUCO-co increased by 21% in patients with moderate hepatic insufficiency. Since
sitagliptin is primarily renally eliminated and no meaningful effect of moderate hepatic insufficiency was
observed, the results of this study can be extrapolated to mild hepatic insufficiency. Therefore, no dosage
adjustment is needed for patients with mild or moderate hepatic insufficiency. There is no clinical
experience with sitagliptin in patients with severe hepatic insufficiency.
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Table 10. Summary statistics of pharmacokinetic parameters after administration of single 100-mg doses of
sitagliptin in patients with moderate hepatic insufficiency (N=10) and healthy matched control subjects

(N=10)
Moderate Hepatic Healthy Matched Moderate Hepatic
Parameter Insufficiency Patients Control Subjects Insufficiency
LS Meanq LS Meanf Patients/Healthy Matched
Controls
: GMR (90% CD) 1+
AUC0-00 (uM-hr) 11.51 ’ 9.49 1.21 (1.01, 1.46)
Cmax (nM) 1186 1046 1.13(0.91, 1.42)
Tmax (hr)) 1.8% 1.5 0.7261
t1/2 (hr) 14.4) 13.9]) 0.691%
fe,0-00 0.689% 0.681§ 0.01 (-0.05, 0.07) #
CIR (mL/min) 243 ’ 292 0.83 (0.68, 1.02)
T Median.
I p-Value.

§ Arithmetic LS mean.

| Harmonic LS mean.

9§ LS Mean = Least-Squares Mean.

# Difference of arithmetic LS means (Moderate Hepatic Insufficiency Subjects - Healthy Matched Control
Subjects).

T GMR=Ratio of Least-Squares Means, Cl1=Confidence Interval.

2.4 Extrinsic Factors:

The effects of sitagliptin on the pharmacokinetics of metformin, glyburide, simvastatin,
rosiglitazone, digoxin, warfarin and oral contraceptives (norethindrone/ethinyl estradiol) were assessed. In
addition, the effects of metformin and cyclosporine on sitagliptin pharmacokinetics were assessed. All
studies were done in healthy volunteers, with the exception of the metformin study, which was conducted
in subjects with type 2 diabetes. In addition to the individual studies described here, the effect of
concomitant medications on sitagliptin pharmacokinetics using population pharmacokinetic analyses was
assessed.

For assessing the clinical relevance of the effect of concomitant medications on sitagliptin
pharmacokinetics, the sponsor’s pre-specified comparability bounds for lack of a clinically meaningful
interaction was that the 90% CI for the sitagliptin AUC0-c0 GMR (sitagliptin + other drug/ sitagliptin
alone) fell within (0.50, 2.00). This reviewer agrees with the sponsor’s 90% CI setting (0.50, 2.00) for lack
of clinically meaningful drug interactions since the 200 mg dose was well tolerated in clinical trials.

2.4.1  Does sitagliptin interact with metformin pharmacokinetically?

The sponsor conducted a single-center, randomized, double-blind, double-dummy, placebo-
controlled, 3-period, crossover study in 13 type 2 diabetic patients of 18 to 60 years of age on stable
monotherapy with metformin, an organic cationic transporter (OCT) substrate to evaluate the effect of
concomitant administration of multiple oral doses of sitagliptin and metformin on the pharmacokinetics of
sitagliptin and metformin in patients with Type 2 Diabetes.

Following a 1-week run-in period with metformin 1000 mg twice daily, patients were randomized
in crossover manner to the order of 3 treatments: (1) multiple oral doses of 50 mg sitagliptin twice daily
and 1000 mg metformin twice daily, (2) multiple oral doses of 50 mg sitagliptin twice daily and placebo to
metformin twice daily, and (3) multiple oral doses of 1000 mg metformin twice daily and placebo to
sitagliptin twice daily for 7 days. Plasma and urine for sitagliptin levels and plasma for metformin levels
were collected for up to 12 hours postdose on Day 7 in each treatment period.

Sitagliptin had no meaningful effect on the pharmacokinetics of metformin [Table 11] and is
therefore not an inhibitor of OCT-mediated transport. The 90% CI for the metformin AUCO0-12 hr GMR
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(metformin + sitagliptin /metformin) was contained within the protocol pre-specified similarity bounds of
(0.50, 2.00).

Table 11. Summary statistics of metformin pharmacokinetic parameters following multiple-dose
administration of 1000 mg metformin with and without 50 mg MK-0431 in male and female Patients with
type 2 diabetes (N=13)

Metformin + MK-0431 Metformin Metformin + MK-0431/
Metformin Parameter Geometric LS Meant Geometric LS Meant Metformin
GMR (90% C1)
AUCO0-12 br (pg-hr/mL) | 14.9 14.6 1.02 (0.95, 1.09)
Cmax (ng/ml) 2050 2130 0.97 (0.89, 1.05)
Tmax (hr) 2% 31 0.376§
T Back-transformed from log scale. :
T Median.
§ p-Value.

GMR = Ratio of LS Means; Cl = Confidence interval; LS mean = Least-squares mean.

Metformin had no meaningful effect on the pharmacokinetics of sitagliptin [Table 12]. The 90%
CT for the sitagliptin AUC0-12 hr GMR (sitagliptin +metformin/ sitagliptin) was contained within the
protocol prespecified similarity bounds of (0.50, 2.00).

Table 12. Summary statistics of sitagliptin pharmacokinetic parameters following multiple-dose
administration of 50 mg sitagliptin with and without 1000 mg metformin in male and female patients with
type 2 diabetes(N=13)

Metformin + Sitagliptin Sitagliptin Metformin + Sitagliptin /
Sitagliptin Parameter Geometric LS Meant Geometric LS Meant Sitagliptin
GMR (90% CI) t

AUCO0-12 hr (uM-hr) 4.04 3.95 1.02 (0.97, 1.08)
Cmax (nM) 522 498 1.05 (0.959, 1.15)
Tmax (hr) 2% v 31 0.285§
Clg (mL/min) 343 352 0.98 (0.79,1.21)
fe,0-12 hr 0.694]| 0.724 -0.029 (-0.162, 0.103) ¢
T Back-transformed from log scale. .
1 Median.
§ p-Value.

|| Arithmetic mean.
9 Difference and 90% Cl.
GMR = Ratio of Geometric LS Means; Cl = Confidence interval; LS mean = Least-squares mean.

Therefore, sitagliptin does not interact with metformin pharmacokinetically.
2.4.21 Does sitagliptin administration alters the pharmacokinetics of glyburide?

In a single-center, randomized, open-label, 2-period, crossover study, the effect of oral 200 mg
once daily multiple-dose administration of sitagliptin on the single-dose pharmacokinetics of glyburide

(1.25 mg Diaeta™) was evaluated was in healthy male and female subjects. Results are summarized in
Table 13.
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Table 13. Summary statistics for glyburide pharmacokinetic parameters following a single dose of 1.25 mg
glyburide with or without multiple oral once-daily doses of 200 mg sitagliptin to healthy subjects (N=8)

(PO31)
Glyburide + Glyvburide + MK-0431/
Glyburide MK 431 Glybunde Glyburide
Parameter Geometric Mean Geometric Mean GMR (90% CI)
AUC,gingehriml ) 193 177 LO9 (.96, 1.24)
| Coae (/ML) 323 319 LOL(0.84, 1.23)
T (1} 51 st 0.003 ¢
Apparent by {hr} v 8231 921t 0.602 *
T Median.

! Harmonic Mean.
¥ Between Treatment p-value.
GME=Geometric Mean Rauo {lyburide+MR-0423 /plyburidey; Cl=Confidence Interval.

Results showed that sitagliptin did not meaningfully alter the plasma pharmacokinetics of

glyburide.

2.4.1  Does sitagliptin alter the pharmacokinetics of simvastatin?

In a single-center, randomized, open-label, 2-period, crossover study in 12 healthy

male and female subjects, subjects were randomized to the sequence order of 2 treatments:
Treatment A— a single open-label oral dose of simvastatin 20 mg; Treatment B— open-label once-daily
oral doses of 200 mg (2x100-mg tablets) MK-0431 on Days 1 through 5 co-administered with a single
open-label oral dose of simvastatin 20 mg on Day 5. Plasma samples were obtained at selected time points
for up to 24 hours postdose for determination of active and total HMG-CoA reductase inhibitor
concentrations, and concentrations of simvastatin and simvastatin acid. Results are summarized in Table

14.
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Table 14. Summary statistics for the pharmacokinetic parameters of active and total plasma HMG-CoA
reductase inhibitors, simvastatin and simvastatin acid following single oral 20-mg doses of simvastatin with
or without multiple once-daily oral 200-mg doses of sitagliptin to healthy subjects (N=12) (P025)

Simvastatin + Simvastatin + MK-043 1/
ME-0431 Sinvastatin Simyastatin
Simrvastatin Geometsic Geometric
Pharmacokinetic Parameters Mean'! Mean! GMR! {90% Ch
Active HMG-Co A Reductase Inhibitors
AUC e {ng-eq hriml ) 6114 57.92 106 {088, | 283
Conax L D0 LY 12.23 13,05 .94 {0.66, 1.34)
T pax (h 181 1.8t 0663
Total HMG-CoA Reductase tabibitors
AUCu 0 (ngreg hrml ) 161.5 1596 1.01{0.50, 1.28)
Cos (R 2g ML) 46.78 53406 0.88{0.59, |31}
T opax (1) 1.8} Pt 0.630%
Simvastatin Acid
AUC e tng-he/mly 913 8.17 1121093, 135
Cruee (REML Y 0.560 {},35}9 LOG {08, 1.3
T e (B 4.0 4.0 0290
Simvastatin
AU yen {nz-he/mlL ) 1136 13.53 083060, 1.22)
Coax (ME/mLY 2940 3,659 D80 (51, 1.26)
Tonax thr 1.5 Lot 0.639*
¥ Back-transformed from the log scale.
1 Meian,
# p-value
GMR=Geometric M=an Ratio (Simyvastatin+MEK-04 31 /Sinyvastatiny: Cl=Confidence
Interval.

Sitagliptin did not meaningfully alter the pharmacokinetics of simvastatin. As simvastatin is a
CYP3A4 substrate, these results demonstrate that sitagliptin is not an inhibitor of CYP3A4-mediated
metabolism.

2.4.1  Does sitagliptin alter the pharmacokinetics of rosiglitazone?

In a single-center, open-label, randomized, 2-period, crossover study, the effect of multiple doses
of sitagliptin on the single dose pharmacokinetics of rosiglitazone was investigated in healthy male and
female subjects. Twelve subjects were randomized to the order of 2 treatments: Treatment A— the subjects
received a single oral 4-mg dose of rosiglitazone alone in the fasted state, and Treatment B— the subjects
received sitagliptin 200 mg once daily on Days 1 to 5 (totaling 5 doses) with a single oral 4-mg dose of
rosiglitazone coadministered with sitagliptin on Day 5. Drug administration on Day § was in the fasted
state. Plasma samples were obtained at selected time points up to 24 hours postdose for rosiglitazone assay.
Results are summarized in Table 15.
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Table 15. Summary statistics of rosiglitazone pharmacokinetic parameters following single dose
administration of 4 mg rosiglitazone with or without multiple doses of 200 mg once daily sitagliptin in
healthy male and female subjects (N=12) (P034)

Rosiglitazone Resigltazone + MK-0431 [ Rosiglitazone Only | Rosiglitazone + MK-0431/Rosiglitazone
Parameter LS Mean’ 18 Mean GMR (20% CIY
:’t}ég}?%ﬂ.) 1.7 175 098 (093, 1.02)
Coe f'ml) 067 309 0.99¢08R, 1.12)
Tmae (hrt? , 1.0 0.5 07827
Apparent ty [hr)ﬁ 398 4.06 ] 0.1041

¥ Geometric Least-Squares Mean. '

* GMR = Geometric Least-Bquares Mean Ratic (Rosiglitazone + MK-0431 / Resiglitazone); €1 = Confidence
Intersal. :

° Median.

* Harmonic Least-Squares Mean.

¥ Between-treatment comparison p-Value {Rasiglitazone + MK-0431 versus Rosiglitazone).

Therefore, sitagliptin (at twice the clinical dose) did not meaningfully alter the pharmacokinetics
of rosiglitazone.

2.4.1  Does sitagliptin alter the pharmacokinetics of digoxin?

In a two-center, 2-part, double-blind, randomized, placebo-controlled, 2-period, crossover study,
the effect of sitagliptin on the plasma concentrations of digoxin was investigated in healthy male and
female subjects. Twelve subjects completed Part I and 20 subjects completed Part 11. In Part 1, 0.25-mg
doses of digoxin (Lanoxin™) were given concomitantly with 100-mg doses (2 x 50-mg tablets) of
sitagliptin or matching placebo once daily for 10 days whereas in Part 11 of the study, 0.25-mg doses of
digoxin (Lanoxin™) were given concomitantly with 200-mg (4 x 50-mg tablets) doses of sitagliptin or
matching placebo to sitagliptin once daily for 10 days to healthy subjects. Results are summarized in Table
16.
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Table 16. Summary statistics for digoxin pharmacokinetic parameters after administration of multiple 0.25-
mg doses of digoxin once daily alone or concomitantly with multiple 100-mg (Part I) or 200-mg (Part I1)
doses of sitagliptin once daily in healthy subjects (N=12 in Part I; N=20 in Part IT)

PO18)
] Digoxin + MK-D431/

Digoxin Pharmacokinatic Dgoxin + MK-0431 Digoxin ~ Digoxin

Pararneters Geometric LS Mean Geometric LS Mean * OMR (90% €0 °
Part I: 8.25-mg Doses of Dizoxin Alene or Concomitantly With 18H-mg Doses of MK-0431
AUC 045 (ngehrmL} 169 152 Lilelon1.2n)
C e fngymL} 1.71 1.44 118 (105,135
Cauping/ml} 3.520 0.487 107 (057, 11T
Tinax (BT 1.00% 1.00° B.134¢
Clp {mL./min) 124 12 197{0.89, 129
£ p2am 05141 3427 0.087 (0.60, 017"

Part H: 0.25-mz Doses of

Digoxin Alowe or Concomitantly With 200-myg Buses of MEK043]

AUC g pn fngehrmLy
C e {ngiml)

Caane (ng/ml)

Tonax (bt

Clp fmL/min)

fc.ﬂ.n hr

19.2

16.2
1.56
0.471
1.25%
98 4
0418

G i
R
BT

Median.

p-Yahe.

© Arithmetic LS mean.

* Difference and 90% CIL.

S Y

Interval.

" Back-transformed from log scale.

L8 = Least Squares; GMR= Geometric Least-Squares Mean Ratio {Digoxin+MK D43 1/Digexin): €1 = Confidence

The results showed that the administration of multiple 0.25-mg doses of digoxin concomitantly
with 100-mg or 200-mg (i.e. twice the clinical dose) of sitagliptin had slight effects on the
pharmacokinetics of digoxin. This reviewer agrees with the sponsor that no dose adjustment for digoxin or
sitagliptin is recommended. However, digoxin use should be monitored appropriately when co-
administered with sitagliptin.

.

2.4.1

Does sitagliptin administration alter the pharmacokinetics of warfarin?

In a single-center, randomized, multiple-dose, open-label, 2-period, crossover study in 12 healthy
male and female subjects of non-reproductive potential, subjects were randomized to the order of 2
treatments in Periods 1 and 2: Treatment A-a single open-label dose of 30 mg warfarin (COUMADINTM,
BMS) on Day 5 during 11 days of once-daily open-label dosing with 200 mg sitagliptin; Treatment B-a
single open-label dose of 30 mg warfarin on Day 1. Blood was collected over 168 hours postdose following
warfarin administration in both periods for the assay of R(+) and S(-) enantiomers of warfarin as well as for
International Normalized Ratio (INR) analysis. Given the therapeutic index of warfarin, the prespecified
comparability bounds for lack of a clinically meaningful interaction was that the 90% CI for the warfarin
AUCO-c0 GMR (warfarin + sitagliptin /warfarin) fell within (0.80, 1.25). Results are summarized in Table

17.
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Table 17. Summary statistics for the pharmacokinetic parameters of S(-) and R(+) warfarin and the

pharmacodynamic parameters of warfarin following administration of 30 mg warfarin with and without 200
mg sitagliptin in healthy young male and female subjects (N=12) (P022)

Warfarin + MK-0431;
Warfarin + MK-0431 Wartarin Warfarin
Least- Squares Least- Squares GMR' ¢ CI)
Mean' Mean'
Fharmacokinetic Parameters
5{-1 Warfarin
AUC g (ngheml) w7 74.1 0.95 (0.90, 102y
Crnax (02'mL} 1958 2198 0.89 (.86, 0.92%
Tanax (1) Lof 1.0 0.508"
Apparent terminal 6, (hry 346 328 0916
Re+) Warfarin
AUC, _Fughrml } 182.6 1933 D9Y {093, 1,03)3
Coay (DgmL) 197 2144 D8G(0.86, 0.03)
Tomax B} 104 10 0.50
Apparent terminal t,.* (hr} 4605 446" 0.24%*
Pharmacodynamic Parameters
INR AUC 0 165m, 260 257 1.01¢0.96, 1.06)7
INR s 237 210 1.08 (LoD, 117!
: Back-transformed from the log scale.
v 90% 1
¥ Median
¢ Harmonic Mean
Toose 1
# N=1) as AUC{->) and apparent terminal t4 vould not be calculated for ANDGYD in Period 2.
¥ p-Value
INR=International Nomnalized Ratio
CMR= Geometric Least-Squares Mean Ratio {WarfurintME-043 |/ Warfariny, Cl=Confidence Interval

Therefore, sitagliptin did not meaningfully alter the plasma pharmacokinetics or
pharmacodynamics of warfarin. The AUCO0-co GMR (warfarin + sitagliptin /warfarin) 90% CI for R(+) and
S(-) warfarin fell within the prespecified bounds of (0.80, 1.25).

2.4.2  Does sitagliptin alter the pharmacokinetics of oral contraceptive?

In a single-center, randomized, placebo-controlled, 2-period, crossover study, the effect
of sitagliptin on the pharmacokinetics of ethinyl estradiol (EE2) and norethindrone (NET) in 18 healthy
women was evaluated after coadministration of ORTHONOVUMT™ 7/7/7 once daily for 28 days (Days 1
to 28) with 200-mg doses (2 x 100-mg tablets) of sitagliptin once daily for 21 days (Days 1 to 21). In each
treatment period, subjects received ORTHO-NOVUM™ 7/7/7 once daily on Days 1 to 28 (21 days of
active contraception, Days 1 to 21; 7 days of placebo, Days 22 to 28) and 200-mg doses (2 x 100-mg
tablets) of MK-0431 or matching placebo once daily on Days 1 to 21. Blood samples for determination of
plasma EE2 and NET concentrations were collected at predose on Days 1 and 21 and at specified time
points up to 24 hours postdose on Day 21. Given the therapeutic index, the prespecified comparability
bounds for lack of a clinically meaningful interaction was that the 90% CI for the EE2 and NET AUC0-00
and Cmax GMR (ORTHO-NOVUM™ 7/7/7 + MK-0431/ ORTHO-NOVUM™ 7/7/7) fell within (0.80,
1.25). Results are summarized in Table 18.
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Table 18. Summary statistics for ethinyl estradiol (EE2) and norethindrone (NET)
pharmacokinetic parameters after coadministration ORTHO-NOVUMT™ 7/7/7 and 200-mg doses of -
sitagliptin or matching placebo once daily for 21 days to healthy female subjects (N=18) (P026)
ORTHO-NOVUM™
T MK0431/
ORTH() NOVUBT ORTHO-NOVUM™ {_'JRTHO NOVUN ™

Citha-Novum 7777 T+ MK-0431 7+ Placebo TR+ le“bn
Parameter (_u‘umum LS Mean! Geometric LS Mean? (vMR (90% L])

Ethinyl Estradiol {EE,)

AUC 241, ip-hrimL) His . 1129 399 {093 1.06)

Conan {p2fmLy 122.9 1265 1197 {08

T 1110} 1.5 RLE
Norethindrope (NET)

AUC) 2y, inghivmby 137 133 LO3{0.97. 1.6
Coas (/mL) 18.6 9.6 0,98 (0.80, L.GT)
T e (1) 1.0t Ly 0.6638

B ack-transformed from log scale.

\Iu.h.m

£ p-Value.
GMR = Ratio of geometric LS means {O RTHO-NOVLIM™ 7/77 + MK-043 FORTHO-NOVUM™
77T + Placeboy C1 = Confidence inlerval; LS mean = Leasi-squares mean.

Sitagliptin did not meaningfully alter the plasma pharmacokinetics of EE2 or NET, the active
components of ORTHO-NOVUM™ 7/7/7. The results indicate that combination estrogen and progestin
oral contraceptives, such as ORTHO-NOVUM™ 7/7/7, can be co-administered with sitagliptin.

2.4.3  What is the effect of cyclosporine on the pharmacokinetics of sitagliptin?

In a single-center, open-label, randomized, 2-period, crossover study, 8 healthy male subjects were
randomized to the sequence order of 2 treatments: Treatment A— a single oral dose of 600 mg
cyclosporine A (NEORAL™) with a single oral dose of 100 mg sitagliptin; Treatment B— a single oral
dose of 100 mg sitagliptin alone. Plasma and urine sitagliptin concentrations were obtained up to 72 hours
postdose in each period. Although the cyclosporine A dose given in this study is higher than that typically
given to patients, this dose was chosen to maximize the effect of cyclosporine as a P-gp inhibitor. Results
are summarized in Table 19.

Table 19. Summary statistics for sitagliptin pharmacokinetic parameters following a single oral dose of
sitagliptin (100-mg) with or without a single oral dose of cyclosporine A (600 mg) in young, healthy, male
subjects (N=8) (P037)

MK-(431 ME-A043[ + KMK-0431 +
Pharmacekinetic Cyclosporine A MEK-)431 Cyclosporine A/ M}\JH 3
Parameter Geometric LS Mean' Geometric LS Mean! GMR (90% CTy!
AL, tuMhn a7 713 {.2041.24, 134y
C o (DM 185 706 1.68{1.36, 2.08)
Cayp, (DM 611 63.5 0.96 10.65.1.03)
Cly tmLiminy 371 366 101 (537, 118
T (hr 224t 4.008 0.401%
Apparent Uy (hr) .6l 11.63 U011
foox .83% H.638 . 00168
P Rack-transformed from log scale.
! Median,

5 Between réatment p-value.
' Harmonic Mean.
MR = Ratio of geometric LS means i MK-0431 +oyclosporine AMEK-04311
U1 = Confidence interval; LS mean = Least-squares mean.
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Overall, co-administration of a single oral cyclosporine A dose with a single dose of sitagliptin
modestly increased maximal plasma concentrations of sitagliptin. This reviewer agrees with the sponsor
that no dosage adjustment for sitagliptin is recommended when co-administered with cyclosporine A.

24 General Biopharmaceutics

Three different formulations were used in the sitagliptin development program: (1) the Phase ] s
== capsule formulation using the emms® phosphate salt form of sitagliptin (Phase I formulation); )
the Phase 1IB film-coated tablet formulation using the emsmse  phosphate salt form of sitagliptin (Phase
II formulation) and (3) the Phase IIl/final market image (FMJ) film-coated tablet formulation using the
monohydrate salt form of sitagliptin (Phase III/FMI formulation). The compositions of representative
Phase II and III tablets are listed in Table 20.

Table 20. Compositions of formulations of Phase Il and Phase 111/ Final Market Image (FMI) Tablets

Component Phase II Tablet T11 Phase ITI/FMI Tablet T13
100 mg /tablet ' 100 mg /tablet

MK-0431-010X (equivalent free base)’

MK-0431-006F (equivalent free base)”

Calcium Phosphate Dibasic, == ;USP

Microcrystalline Cellulose NF

CEE——

Croscarmellose Sodium NF

Sodium Stearyl Fumarate NF

Magnesium Stearate (non-bovine) NF

Core Tablet Weight -

\ o

| Total Weight

*Removed during processing

NA=Not Applicable in this formulation
NF =National Formulary

USP = United States Pharmacopeia.

The 100-mg tablets used in Phase III studies differed from each other only with respect to color
additives in the film coating, and this difference in these low level insoluble ingredients would not be
expected to impact in vivo performance.

All Phase I1] supplies were produced at least 1/10th the size of the planned commercial batch size,
and some of the Phase I1I supplies were produced using the proposed commercial process. The 100-mg
Phase II/FMI tablet formulation was found to be bioequivalent to the 100-mg phase 11 tablet formulation
(Study P027). .

2.5.1  Are they bioequivalent among the Phase I capsules, Phase II tablets and the Phase
Ill/commercial tablets?

The phase I capsules and Phase 1IB tablets were tested in an in vivo bioequivalent study. This was
an open-label, randomized, 2-period, crossover study in which 12 male and female subjects were
randomized to the sequence of treatment in which they received 50 mg (1 x 50 mg) of sitagliptin as either
the tablet formulation or the esss  capsule formulation, separated by a washout interval of 7 days
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between doses. Each single-dose administration was followed by collection of blood samples through 72
hours postdose in each period. The results revealed that The AUCO-c0 GMR (tablet/capsule) following
single oral doses of 50 mg of either tablet (used in Phase IIB) or capsule (used in Phase 1) was 1.04

with a 90% CI of (1.02, 1.07). The Cmax for the tablet formulation (used in Phase IIB) was slightly
elevated (approximately 20%) and the tablet formulation had a marginally statistically significant shorter
Tmax compared to the capsule formulation used in Phase I. Since 90% CI of GMR for AUC 0-o< is
remained within BE criteria, these two formulations (Phase I capsules and Phase 2 tablets) are similar
though not bioequivalent.

To demonstrate a bioequivalence between Phase IIB tablets and Phase 11I/FM]J, an open-label,
randomized, 2-period, balanced, crossover trial was conducted in 12 healthy subjects received single oral
doses of 2 different tablet formulations of sitagliptin 100 mg (1 x 100-mg tablet): the: e  form used
in the Phase IIB program, and the monohydrate (FMI) form used in the Phase I1I program and the final
market image (FMI) tablets. A single oral dose of each formulation was administered in each of the 2
treatment periods with 240 mL of water at approximately the same time in each period. In each period,
blood samples were collected at specified times through 72 hours postdose for plasma sitagliptin
concentrations. There was at least a 7-day washout interval after drug administration in Period 1 before the
Period 2 dose was administered. The PK analysis showed that the monohydrate (FMI) tablet formulation
(used in Phase III) was found to be bioequivalent to the e  tablet formulation (used in Phase 1IB) of
sitagliptin, as assessed by plasma AUCO-cc and Cmax. The AUC0- and Cmax GMRs (monohydrate
(FMI)/anhydrous) and corresponding 90% Cls were 1.05 (1.02, 1.07) and 1.07 (0.94, 1.22), respectively.

APPEARS THIS WAY
ON ORIGINAL
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2.5.2  What are dissolution profiles and proposed post approval in vitro specifications?

The sponsor has proposed an acceptance criterion for disintegration of es minutes at release only
for sitagliptin tablets. The sponsor described that consistent with ICH Q6A criteria for disintegration,

sitagliptin is highly soluble across the physiological pH and the tablets are rapidly dissolving (more than
85% released in 15 minutes at pH 1.2, 4.5 and 6.8, Figure 19).

Both dissolution and disiritegration tests were used to assess the performance of the product
throughout the product development program. Figure 19 shows the dissolution profiles for 100 mg
developmental formulation similar to the proposed commercial formulation in three different media using

Figure 19. Dissolution for sitagliptin 100 mg tablet in different media
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The dissolution profiles across the development program, including stability studies, have been
consistent with more than 85% released in 15 minutes. Experiments on development and commercial scale
tablets have consistently shown rapid dissolution profiles, independent of variations in the formulation
composition or manufacturing processing parameters. The sponsor indicated that fast nondiscriminating
dissolution results were observed for a range of 100 mg tablet formulations of the same composition of the
commercial formulation and manufactured with different hardness. However, disintegration testing seems
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Disintegration data have been generated at release and during the formal stability studies
of sitagliptin tablets. The data were evaluated in order to establish a meaningful disintegration acceptance
criterion for this product in lieu of dissolution testing.

Reviewer’s comments:

Based on ICH-Q6A guidance- decision tree #7 for setting acceptance criteria for drug product dissolution,
in order to use disintegration as post-approval in vitro release test, it must meet the following four
conditions: (1) the drug dosage form is not modified releases form, (2) the drug is soluble at 37°C
throughout the physiological pH range (pH 1.2 — 6.8), (3) the drug dosage form is dissolved > 80% in 15
minutes at pH 1.2, 4.8,and 6.8 and (4) a relationship between dissolution and disintegration is established.
The sponsor used the hardness experiments to rationalize a disintegration method is more sensitive than
dissolution methods. From the stability data, each strength has three different batches. Each batch contains
both test results for dissolution and disintegration methods. A preliminary analysis of the correlation
between % dissolved in 15 min vs. disintegration time has revealed that there is no relationship between
dissolution and disintegration. Thus, based on Decision Tree #7, if relationship between dissolution and
disintegration was not established, generally single-point dissolution criteria with lower limit are
acceptable. Therefore, the following in vitro dissolution method and acceptance criterion for sitagliptin are
recommended:

Apparatus

In vitro dissolution medium

Volume of dissolution medium

Medium temperature

Stirring speed

Acceptance criterion

2.6 Analytical Section

2.6.1 What is ihe property of analytical method?

High turbulence liquid chromatography (HTLC) extraction and liquid chromatography/tandem
mass spectrometry (LC-MS/MS) methods were used to analyze sitagliptin concentrations in human
biological fluids (plasma, urine and dialysate). The lower limit of quantitation (LLOQ) for the plasma assay
is 0.500 ng/mL (1.23 nM) and the linear calibration range is 0.500 to 1000 ng/mL (1.23 to 2455 nM). The
LLOQ for the urine assay is 0.100 pg/mL (0.246 uM) and the linear calibration range is 0.100 to 50.0
pg/mL (0.246 to 123 uM). The LLOQ for the dialysate assay is 0.010 ng/mL (0.025 nM) and the linear
calibration range is 0.010 to 5.00 ng/mL (0.025 to 12.3 nM). The assays are selective and specific for
sitagliptin in human biological fluids. There was no significant interference observed from endogenous
components in the control human biological fluids. The accuracy of the intra-day analysis (n=5) of quality
control (QC) samples did not deviate by more than 10% of the nominal concentrations. The precision
(coefficient of variation, CV%) of the intra-day analysis (n=5) of QC samples was less than 10% at each
concentration.
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4. Appendices:

4.1 OCPB Filing/Review Form

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

Generad Information About the Submission

NDA Number 21-995 Brand Name Japuvia ™
OCPB Division (I, 11, IIT) DPE I1 Generic Name Sitagliptin phosphate
Medical Division HFD-510 Drug Class DPP4 inhibitor
OCPB Reviewer Xiaoxiong (Jim) Wei Indication(s) Type 2 Diabetes
OCPB Team Leader Hae-Young Ahn Dosage Form tablets
Dosing Regimen 100 mg QD
Date of Submission 01-26-2006 Route of oral
Administration
Estimated Due Date of OCPB | August 15, 2006 Sponsor Merck
Review
PDUFA Due Date October 16, 2006 Priority Classification S1

Division Due Date

August 31, 2006

Clin. Pharm. and Biopharm. Information

“X”if Number of Number of | Critical Comments If any
included at studies studies
filing submitted reviewed
STUDY TYPE
Table of Contents present and
sufficient to locate reports, tables, 1.1.1.1.1.1.1.1.
.data, etc. )
Tabular Listing of All Human X
Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I. Clinical Pharmacology
Mass balance: X 1
Isozyme characterization: X 1
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I)
1.2 Healthy Volunteers-
single dose: X 2
multiple dose: X 2
1.2.1  Patients-
single dose: X 1
-| multiple dose: X 1
Dose proportionality -
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fasting / non-fasting sing]e dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

renal impairment;

hepatic impairment:

el Ealls

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

|

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

Thorough QT Study

LI

II. Biopharmaceutics

Absolute bioavailability:

>

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on
BCS

BCS class

II1. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

33

Filability and QBR comments
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“X” if yes
Comments

: YES
Application filable ?

No
Comments sent to firm?

Primary reviewer Signature and
Date

Secondary reviewer Signature and
Date

Briefing In Content:

JANUVIA belongs to a new class of oral anti-hyperglycemic agents called dipeptidyl peptidase 4 (DPP-4)
inhibitors, which improve glycemic control in patients with type 2 diabetes by enhancing the levels of
active incretin hormones. Incretin hormones, including glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic peptide (GIP), are released by the intestine throughout the day. The incretins are
part of an endogenous system involved in the physiologic regulation of glucose homeostasis. When blood
glucose concentrations are normal or elevated, GLP-1 and GIP increase insulin synthesis and release from
pancreatic beta cells.

Pharmacokinetics

The pharmacokinetics of sitagliptin has been extensively characterized in healthy subjects and patients with
type 2 diabetes. After oral administration of a 100-mg dose to healthy subjects, sitagliptin was rapidly
absorbed, with peak plasma concentrations (median Tmax) occurring 1 to 4 hours post-dose. Plasma AUC
of sitagliptin increased in a dose-proportional manner. Following a single oral 100-mg dose to healthy
volunteers, apparent terminal half-life (t1/2) was 12.4 hours. Plasma AUC of sitagliptin increased
approximately 14% following

100-mg doses at steady state compared to the first dose. The absolute bioavailability of sitagliptin is
approximately 87%. JANUVIA may be administered with or without food.

Sitagliptin is primarily eliminated unchanged in urine, and metabolism is a minor pathway. Approximately
79% of sitagliptin is excreted unchanged in the urine. Six metabolites were detected at trace levels and are
not expected to contribute to the plasma DPP-4 inhibitory activity of sitagliptin. In vitro studies indicated
that the primary enzyme responsible for the limited metabolism of sitagliptin was CYP3A4, with
contribution from CYP2CS. : '

Patients with mild renal insufficiency did not have a clinically meaningful increase in the plasma
concentration of sitagliptin as compared to normal healthy control subjects. An approximately 2-fold
increase in the plasma AUC of sitagliptin was observed in patients with moderate renal insufficiency, and
an approximately 4-fold increase was observed in patients with severe renal insufficiency and in patients
with ESRD on hemodialysis, as compared to normal healthy control subjects.

In patients with moderate hepatic insufficiency (Child-Pugh score 7 to 9), mean AUC and Cmax of
sitagliptin increased approximately 21% and 13%, respectively, compared to healthy matched controls
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following administration of a single 100-mg dose of JANUVIA. There is no clinical experience in patients
with severe hepatic insufficiency.

In Vitro Assessment of Drug Interactions showed that Sitagliptin is not an inhibitor of CYP isozymes
CYP3A4, 2C8, 2C9, 2D6, 1A2, 2C19 or 2B6, and is not an inducer of CYP3A4. Sitagliptin is a p-
glycoprotein substrate, but does not inhibit p-glycoprotein mediated transport of digoxin.

A population analysis for MK-0431 pharmacokinetics (PK) was conducted using PK and demographic data
from two MK-0431 Phase IIb studies (PN 010 and 014) and fourteen pre-specified Phase I studies (PN 001-
008, 012,013, 017, 027, 029, 033). A 2-compartment linear PK model was developed to describe the
plasma concentration data following oral doses ranging from 20-200-mg. A total of 858 subjects/patients
that received valid doses and had measured plasma concentrations were included in this analysis.

The to-be-marketed formulation of Januvia was used in pivotal clinical trials. Januvia tablets were tested in
three different media and it dissolved in all three media more than 85% in 15 minutes. The sponsor has
proposed disintegration for in vitro release specifications.

JANUVIA is indicated as an adjunct to diet and exercise to improve glycemic control in patients with type
2 diabetes mellitus. JANUVIA is also indicated in patients with type 2 diabetes mellitus to improve
glycemic control in combination with metformin or a PPARy agonist (e.g., thiazolidinedione) when diet

- and exercise, plus the single agent do not provide adequate glycemic control.
The recommended dose of JANUVIA is 100 mg once daily as monotherapy or as combination therapy with
metformin or a PPARy agonist (e.g., thiazolidinedione). In renally impaired patients, the dose may reduce
to 50 mg or 25 mg a day. Both low strengths of tablets 25 mg and 50 mg are also planned to market.
4.2 Proposed Package Insert (separate file)
4.3 Individual Study Review (see Addenndum as a separate file)

4.4 Pharmacotrics review (attached)
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2 Summary ‘
MK-0431 belongs to a novel class of antihyperglycemic agents. Sponsor conducted adequate Phase 11 and
Phase II1 studies to characterize the dose-response relationship. The primary endpoint in the Phase 111
studies was change from baseline in HbAlc. There is an evidence of dose-response (% change in HbAlc)
relationship and the choice of 100 mg q.d dose is well supported. Several issues with nonlinear mixed
effects analysis were identified and communicated to the sponsor. Dose adjustments based on renal
function were evaluated in clinical studies and proposed in the label.

3 Recommendations

4  Introduction

MK-0431 (also known as L-000224715) is in a novel class of antihyperglycemic agents,

dipeptidy! peptidase-IV (DPP-1V) inhibitors, and offers the potential for clinically meaningful glucose-
lowering efficacy and an improved safety and tolerability profile compared to existing agents. Although
several actions potentially contribute to the glucose-lowering effect of DPP-IV inhibitors, the most likely
mechanism is through elevated incretin concentrations that lead to enhancement of glucose-dependent
insulin secretion and a reduction in glucagon release. Increases in incretin concentrations occur because
DPP-1V inhibition reduces the cleavage and inactivation of the active (intact) form of the incretin
hormones, including glucagon-like peptide 1 (GLP-1) and glucosedependent inhibitory peptide (GIP).
Thus, MK-0431 targets an important component of the pathogenesis of type 2 diabetes, but with the
potential for a lower risk of hypoglycemia and no increase in body weight compared to insulin
secretagogues.
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Key Questions
The review will focus on four key questions:

1. Ts there is an evidence of dose/concentration-response relationship?
2. Is there a need for dose adjustments for special populations?
3. Is there a need for dose adjustments based on drug-drug interactions?

Note that replies to Questions 2 and 3 will be addressed in this review only if they are based on population
pharmacokinetic analysis. If any dose adjustments are based on clinical pharmacology studies, please refer
to the review by Dr Jim Wei (Primary Reviewer).

4.1  Basic Clinical Pharmacology

Several clinical pharmacology studies were conducted by the sponsor. Please refer to the review by clinical
pharmacology reviewer (Dr Jim Wei) on these studies. Brief information on the pharmacokinetics is being
provided here.

The absolute bioavailability of sitagliptin is approximately 87%. The time course of mean MK-0431
plasma concentrations in healthy subjects is shown in figure below.

6000
19000
g ] R
=~ 5000 4 10
g i
;i:_u, 1 N\L 103
€ 4000 4§ %
§ f ) 1
5 N ;
) 3000 1 :‘( T 12 4 B 28 5 72
£ ]‘ N
U 4 ® 2Lmg
@ 2000 4] -
a { pf;‘:” ‘ 7  50-mg
- j / Q\o\q \& = 130-mg
S 1000 ;{? o e ¢ 200.mq
™ -
=

Time (hr)

The summary of the derived pharmacokinetic parameters in healthy male and female subjects is shown in
table below:

EPPEARS THIS WAY
0N ORIGINAL
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Mean MK-0431 Pharmacokinetic Parameters Followmg Single
Oral Doses of Final Market Image MK-0431 Tablets to
Healthy Male and Female Subjects (N=10) (P033)

ME-D431 L5 Mean® i GMR (S0 T
Parameter Hmg | 0mg | 100me | 200 mg | 430mg | Siope (50% CT)g 460 @106 mg
AUCe. pM-br 220 417 832 167 349 100 ({98 1.01) 162 {659, 1.06}
Cope 0 177 378 930 2184 4545 121137, 126) 1300115, 1500
Lrsy oM 233 383 £33 937 170 .70 (0.67. 672 0.67 (082, 0,72}
To B 3.5 25 3 29 25
ty B 13 130 124 117 113
Ciz ml ‘min 323 157 350 342 347
£ gt 0707 | £733 | 0738 | 9703 | 0744
_ Geomenie least-square: mean, back-nansformed from Jorg scale.
= Median,
$ Avithmetic loast-squares meaz,
* Harmonic least-squazes mean.
* Slope of log[PK parameter] versus logidose] from power-faw model.
* Ratic of doze adfusted {fo 100 mg} zeometiic least-squares means (400 me/ 100 mg).

4.2 Exposure-Response Relationship

1. Ts there an evidence of dose/concentration response relationship?

Yes, there is an evidence of dose-response relationship. Sponsor evaluated the effects of various doses and
once-a-day/twice-a-day dosing regimen in Phase II studies (P010, P014). In study P010, patients were
randomized in a balanced fashion to one of 6 treatment groups: 4 doses of MK-0431 (5, 12.5, 25 or 50 mg
b.1.d), or twice-daily dose of MK-0431 (50 mg b.i.d), or to placebo. In study P014, patients were
randomized in a balanced fashion to 1 of 5 treatment groups: 3 once-daily doses of MK-0431 (25, 50 or
100 mg) or to a twice-daily dose of MK-0431 (50 mg b.i.d), or to placebo. The studies had 12-week double
blind treatment periods. Figure 1 below shows the dose-response relationship from both P010 and P014
studies for the primary endpoint (% change in HbAIc relative to placebo). There was no difference in the
primary endpoint when MK-0431 was administered as 50 mg b.i.d or 100 mg q.d. Based on these findings
sponsor evaluated the effects of 100 and 200 mg q.d in Phase III studies. The Phase 111 monotherapy
studies (P021V1 and P023V1) were placebo-controlled, double-blind, randomized, parallel group studies.
Study P021V1 had a 24-week double-blind treatment period and Study P023V1 had a 18-week double-
blind treatment period. Figure 2 shows the time course of changes in HbA1c in the Phase III studies.
Overall, the sponsor well identified the intended dose of 100 mg q.d for approval.

APPEARS THIS WAY
ON ORIGINAL
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LSMean Difference in HbA1c (%)

70.9 1 T J L 1
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Total Daily Dose (mg)
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Figure 1. Dose-response (Placebo subtracted LS Mean Difference in %HbA 1c) relationship after various

dose(s)/dosing regimens of MK-0431.

APPEARS THIS WAY
ON ORIGINAL
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LS Mean Change froni Baseline

-10 T T T T T
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LS Mean Change from Baseline

Week
¢ MK-0431 100 mg B MK-0431 206 mg O Placebo
Figure 2. LS Mean Change From Baseline in HbAlc (%) Over Time (LS Mean + SE) by Treatment Group

All-Patients-Treated Population with Data Carried Forward P021V1, P023V1 Phase 111 Monotherapy
Studies . :
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4.3  Labeling Issues

2. Is there a need for dose adjustments for special populations?
3. Is there a need for dose adjustments based on drug-drug interactions?

For the above two questions, the sponsor used population pharmacokinetic analysis methodology to
propose statements in the label. The following section will describe the methodology and findings of the
sponsor.

Population analysis for MK-0431 pharmacokinetics (PK) was conducted using PK and demographic data
from two MK-0431 Phase IIb studies (PN 010 and 014) and fourteen prespecified Phase I studies (PN 001-
008,012,013, 017, 027, 029, 033)A 2-compartment linear PK modelwas developed to describe the plasma
concentration data following oral doses rangingfrom 20-200mg. A total of 858 subjects/patients that
received valid doses and had measured plasma concentrations was included in this analysis. The

information on various studies included in the analysis is provided in tables below:

Prot Descripton/Primary
No. Endpoints Study Pepulation Besisr’ Dosing PK Samplins
061 | Single dose tolernbility in Healthy young Penal & {7=8): 1.5, 125, [ Predose snd 3.5,
youug wale: mzbes, ages 18 fo | 50 and 200 mg dozes 1.2,4,6.8, 12,
Primary sndpoints: safety 43 years {fastad) 16,24 36 and 18
and tolerablity, - N=1g" Panal B (=8} 3,25, 140 | howrs pestdose
pharmacckineties mg doses {fastad) and 25 | {36 and 48 hows
mg {fad}. for doses of S0-
2 subjects received mg and shove}
placebe in each pened
All dosas were single oral
doses
62 | Single dose tolerability in Haalthy youngz Panel & {z=%) 260, 600 Predoze and 6.3,
young male: males ages 1860 | mg
Primary endpoints: safaty 4% vears Panel B (p=0) 400, 660
and tolerability, =18’ mg hours postdosze
phemacekinstics 3 subjects received
placebo in eack pertod
Ali doses were single oral
donas
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Fret Desenpron/Primary
Me. Endpoints Study Population Dresign/ Dosing PK Sampling
963 | Single dose tolerabiliny in Healthy eiderly All sabyects recetved a Predoze and 5.5,
healthy slderhr mzle snd smele oral 50 mz dosa: 1,2.3,4.5. 6.8,
males/females, young females, 85 to 80 | elderby males {n=10; 12.16,24 38 48
femnsles, and obese young VRS, elderiy famales {n=10): and 72 heurs
male: ' healthy young yorng fameles (o=8} postdose
Prmary endpoints: safety {non- voung, obese males
and tolerability, chidbearmg) {z=10}; In each group, 2
pharmacokinetics femalas, 18 o043 | subjects received placebo
ears,
young obese
mates. 1360 45
years
=38 "
04 | Muldple dose tolerability Healthy young 7 panels with 10 sabjects | 4.d. Panels:
in young malez razles, ages 18 to | i each paned {in sack Predoze znd (.53,
Primary endpoints: safaty 43 years panel ? subjectz received | 1,24, 6,8 10,
and tolerability, N=70" placebo). 12, 2nd 16 hows
phamacokinetics Panel &: 25 mz q.d.; posidose on Day
Panel B: 50mg gd ; i, predose on
Panel ¢ 100 mg q.d; Days 2 to 9 and
Panel D: 200 mp a.d.; predosa azd 9.5,
Pzoel E: 400 ms ad; 1,2.4.6.8, 14,
Panel F: 800 mzDav 1. 12,18, 24, 32,48,
600 mg g.d May: 3 te 18 | 72, and 96 howrs
Panal G: 300 mg i d. posidose o Day
10 :
bid Panel
Pradosze and 0.5,
1,2, 68 1D
and 12 honrs
postdose on Day
1. predose AM oz
Dav: 2109 and
predoze and 4.3,
1.2, 4.8 10
and 12 hewrs
post-AM doze on
Day 19
4065 | Glucoselowering activity Patientz witk Subjects received single Predoze znd 1, 2,
stady in tvpe T dinhete: mild to moderate | deses of 25 mz, 200 mg, 4.8.12amd 24
patients type 2 diabetes and placebe, followed by | hours postdose,
Primary endpoinis: safety =507 an OGTT at 2 ks with zddihonal
and tolerability m tvpe 2 postdese and standard | samples at 36 and
diabetes patients, effects of meal chellenges 3t 6 & 24 | 48 hows pastdose
MEK-D431 on post-challenge hrs postdase (z=~40). A for a zub-zet of
Elicose subset {n=-20} of patients | patientz.
was administerad 3
second OGTT in hen of
meal af 24 hes.
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ml/min}, znd &
end-stage remal
disaaze {(ESRD)
an hemyodialysis,
and & healthy
eoneurrent
controls

N=24"

Prot DescriphonPrimary
No. Endpoinis Smdy Pepulation Desigpf Desing K Sampline
nos ;ﬁﬁgﬁg&é aﬁﬂﬁmﬂe Subjects recsived S0mg | Predoseznd 0.5 1,
scnmpsal-f:b:on of Phi subjects, ages 18 {l.x 30-mg) of MK-0431 13.2.3.4.5 6,:
formuiation {zapsule) to Ph 2o 65 vears {either Phase | ammem '3 1?‘3312" 13, .I.&;
I formulation (table) =12 zapsule formaizton e 4,32, 48 anui 72
N Phase I rablet howrs postdoze
formuizhon), separzted by
3 7 day washout interval.
nnT “ - 1 z e mzlie &
no? ;3;5_;};::??:;&3? ?E:lei“_'e and S\fbjec?:« mf&ivezi 200 mg | Predose znd 1.5,
middle-aged, obese males volunteers, ages b'z"d'hff —3;? for 28 days. | L, 3’5{ g 3*_ i
and femnale: 43 to 63 years basev e O6TI and e oL
Primary sndpoint: safsty znd | N=32’ adminiztered Day -1, posg-.‘zoze o day
tolerabil o - toagh OGTT on Day 14 1, at predoze oz
- {predose) and peak OGTT | days 2, 3.4, 3.7,
on Day 28 {2 kourz 114,17, 21 and
postdose). 24, and at predoze
i and 93, 1.2, 4 6
B.10.12 16 24,
48 and 72 howrs
post dose oz day
28
008 | Renal insufficiency Patients with . - - Predose, B.5, 1,
Study varving degree; | 450l S0medesewaz |5 55 45 g
Prmary sndpoint: evaluate of renzl ads;mmséez.ed 24 8, 1012, 151§,
the effects of varving msufficiency: paﬁhe?;rttmth I?n;l P 24,32, 48, 72 and
desress of renal € mild ;u :ulzhi?feuc}, = 96 heurs
meufficiency on ME-0431 {CLear=30-80 ealiy concument postdose
phammacokinstics =ml/mun), 6 controls
moderate
(CEee=30-50
ml/min), &
savere {{ULer 38
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Frot DescriphonPrimary

Mo. Endpoints Study Population Design/ Dosing PK Sawpling

e Dc.ss-e—Rnng’e F;nd.?ng Sﬂmd}' Patients w7:t§z » Placebo, 3, 12.5, 25 and Pradose, 71 and 2
Primary sndpoints: HbAle Type 2 Dizbetes, | o KOS BID hours post dose

ages 18 to 60 3 .’""_15"“ e © | admamisirstion
i ang 20 mz ghpiside
years . fasted or at
800 _B.I.D. were zdminastered redose (fsting)
. . p =48
m zbout €00 Type T 412243 hoar
diabetic patients ;n:;. ane ) Bouts
. folfowing a
HERHRE <tandard meal
adroiniztered
approxtmatsly 30
mizutes after
dosing.

012 | Metformin interaction Patients with Following 2 I-week mn- Predoze on dav 4,
sfudy fype 2 diabetes, i period with metformin | 5, fand Tand 0.5,
Primary andpoints: ages 18 to 60 1060 me bad, 12 1.15,2,3, 4,6,
phanmacokinetics of years patients 1R to 60 years of | 8, 10 and 12
ME-042] witk and withous | N=13 " age on stable bow: postdose on
medformin, safetv and monotherapy with dax ¥
tolerzbiiiy meifermin, were

randorwzed to 3 hreatment
pertods with 7 daws of
dosmg: 50 mz ME45]
b.id and 1000 ms
metformiz bid; 50 mg
ME-G43]1 bid and
placsbe to metformin
bid;and 1600 mg
mstformin bid and
placsbo to ME-0431 5ad

013 | Single dote tolerability Healihy voungz Pansl & {(z=8): 5,25 and Predose and £.5,
#udy in Japanese male Japanese male 100 mg dosss {fastad), 1,2.4.68, 12,
subjects subiecks, azes 18 | and 25 mg (fad) 16, 24. 36 and 48
Primzzry sndpoints: zafety o 45 yaars Pznel B (p=8% 12.5, 3, hours posrdose.
and tolarabibity, M=14" 200 and 400 mg doses
pEarmacekinetics {fasted)

2 subjects recerved
placeko in each periad. )
014 | Dose-Ranze Finding Study | Pstents wok Pizcsba, 25, 30 and 100 predone, | znd 2
Prmary sndpotnts: HbhAle Type 2 Duabetes, | mg of MK-0431 Q.D. and | hours post dose
ages 181060 . 50 mg B.ID. were (fasting}.
YEArS adsnistered In
N=550" approxmately 550 Type
H dizbehe patiexts
{1:1:1:I:)
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Food Effect Study

Primary sndpownts: PartI: 1o
avaluzte the :zfety and
tolerabiiiry of nsing single
doze imfusions of
ingavencas (V) formulation
of MK 3431, to examine
ME-042] pharmacokmste
parsmeters followine single
B doses of ME-0431, 10
assess the dose
proporbonality of plasma
AUC, ., folicormz IV doses
of ME 0431, Part IL: m
astemeate the abzolute
bicavalabality {fasted) of the
100-mz oral ME 0431 tablst
m healthy adult subjects. to
exanyne summary siznstcs
and to assess
fnod on AUC o
and apparant termamal 1, on
the 100-mg tablet of
ME-0431 in beaithy adult
subjects,

Cpnn T

“RBeN"T

the influence of

Healthy male or
femala  subjecrs,
ages 1S w68
VRETE.

N=10" mPart 1

N=11" mPant I

fived-zequeace  fashien.
19 subjects  recetved
nsmg  sequential IV
infustons of 25-, 30-, and
100-mg  ME-0431  or
placebe (8 subjects
eceived active drug and 2
subjects received placebo
{zaline}. The same 2
subjects 1 each perind
recezved placebs).

Pzt 2: In an open-label,
randomized fashicn, 12
subjects recenved 3 singla
doseof MEQ$3ima
balanced. erossover
dezigm: 100-mg oral
tablet in the fasted state,
100-n3g oral tablet I She
fad state, and 3 100-mg
infusion of ME-0£3] in
the fasted state.

Prot DesoriptionPrimary
Neo. Endpuints Study Population Desigrf Dosing PE Sanmpling
U7 | Hepatic Insufficieney Panents with Open Izbal single dose Predese and 0.5,
StudyOpen Label Study moderate hepatic | adminisgsgon of 100 me | 1,1.5,2, 3,4, 5,
Primzary sndpoints: to myufficleney, ME-043] i 6.8,19, 12,15,
compare the zzes 1B 0o 75 18,24, 32 48, 72,
pharmacokinetic profile of years; healthy and 96 bours
hepatic msufficiency pstients | zasfched control pestéose.
to healthy control subjeets. subjects
safety and tolerability =20
(127 | Biceguivalence (Ph ILTh . | Subjects are randomized Predose and 0.5,
1II Formulation) Study Healthy T2 BT | 4 3 seiuence of 2 1.15,23.4 5
. PO ’ female subjects. N T ae e i
Primary endpoint: sees 18 .- | Deatmesnts: 6,8 10,12 13,
comparison of Bh. II 283 71y A single dose of | 18,2432 48,
wwms formuiztion years ME-0431 100  mg | and 72 hows
{capsuie) to Ph. Hiifinal ¥N=I2° —— phosphate | postdoce
market image forowlaton e of ME-0431 (Phaze
{tabief) b feemradafion]
2% A smngle dose of
MK-043] Hie mg
menohydrate {FMI) form
of ME-G431 (Phame IO)
pzo n the
development of final
markst image {FAMD
tablets.
91% | Definitive Bioavailahility/ Part 1. In a double-bhind, | Parl: pradoze,

033,051,152
{end of mfusicn},
3 5.3 ¢

points are relative
o the start of the
24 mfivion
{1=0).

Fart I: predose,
025.0.5,1,1.5 2
34,586 8,10, 12,
15,1824 32 48,
72 bowss. All bme
poixnts are relatrve
to the start of
admmisrztion of
study drug (T=6).
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Prot DezcriptionPrimary
He. Endpoinis Srudy Pepulstion Design’ Dosing PK Szampline
032 | Dose Proparticualiny Smd}l ) . Subiects will ba Predoss and 0.5,
Haalthy male or
. . - i randomized to the 1,15 23,45,
Primary endpoint: to assess | female subjects | = ; 1215 ’
the doze preporhonality of | ages 18 to 33 sequence of 5 teaze_&ent 6,810, 12 h
ME-0431 final market fmage | years periods; in eschperiod. | 18,24, 32. 48,
tablats within the 13- o 400- | .. .+ subjects will receivea | and 72 hours
-dw . = healihy N=ig smgle open-izbal 23- 30- | posidese.
“;?h : ’; i:"*be L neaithy 4. 108,360, or 400-mz
AR FOpReLs dose of ME-0431.
"M (totai number of subjects) includas ME-043%]. active comparatives and placebo.

Structural model development and selection of covariates (demographic and 96 concomitantly administered
drugs) was performed using standard techniques based on log-likelihood ratio tests. For more details, the
reader is directed to the submitted report on population pharmacokinetic analysis.

43.1  Sponsor’s Conclusions

The final model can be expressed as:

bets oz d T
£ 2RI

Cil= {36.7*{1-Q0927*(AL 13001542 [mind 3 .04, SCE)-11-0.267¢D1553-0. 237+D158-
0.182*D300-40.3 TOFRACO+0 340+ D4 10-0.0864* DB TS0 9% (32, BMIN29-
THL2063D336-0.263%D173-0. 162 ENF O+ 1 17*D134-0 07 7P ACC +0.485% [mm{ 100,
CLCEW100-13+0. 2343 AGE F2- 1 P RACC- L85 %53CR-

IFRACO+0.197* D191} <26 I IWTKG/ES)" P 1135 [1+80, 0.1023]

Vi=  240%{1+0.22§*DETS+ 616*(WTEGES-11-0 2054 SEXF-0.0784* R ACH} #[1 M0,
0.142)]
Vi=  111%{1-0.232*RACA-0.581*DBTS+1. 135 (HTCM170- 133 *[1=MD, 0.1507]
Ka= 168%({1.0200*DBTS.0 650°FEDA} {130, 1.00)]
o= 654
Cpm=  Cpp*[1+N(D, 0.046%)]

Covananece of OV {CL-V2= "0.0182
Covanance of IV (W2-Vi= 00771
Covanance of IV (WV3-Ka)}=  0.111

e  The population pharmacokinetics of MK-0431 in the dose range of 20-200 mg can be well
described with a three-compartment model (two-compartment disposition model) — one for drug
depot, one is central compartment for circulating system and one is peripheral compartment for
tissues/organs.

¢ Out of 30 factors accounting for demographic factors-diabetic status, renal insufficiency,
formulations and fed status, age, weight, gender, height, renal function, presence of diabetes,
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standard Japanese breakfast, race were identified to be significantly correlated to at least one of
MK-0431 PK parameters. However, their effects are not clinically significant (AUC 90% CI: 0.5~
2.0) except for moderate/severe renal insufficiency.

*  Out of 90 comedications (83 coadminstered in N>=5 patients with an MK-0321 dose within the
range of 20-200 mg) which were evaluated, eight were identified to be significantly correlated to
the apparent terminal clearance, although their effects are not considered clinmcally significant.

432  Reviewer Comments
Based on the review of the sponsor’s analysis, the following are the comments of the reviewer:

1. The model developed by the sponsor needs to be revised. It is not clear why the sponsor chose to
include both serum creatinine and creatinine clearance in the model. Also, age and creatinine clearance are
included in the model. Since the drug is renally cleared, one would expect only creatinine clearance to be
an important covariate in the model.

2. The model also includes weight and BMI. One would expect these to be correlated with each other and
with CLCr.

3. The sponsor evaluated the effects of concomitant medications using a step-wise forward and backward
selection process. During the analysis, the effects of each drug would be evaluated individually on
pharmacokinetic parameters using log-likelihood ratio test. Analyzing retrospective extrinsic factor
covariates such as drug-drug interactions is challenging. This challenge arises from uncertainity in dose
and timing of interacting drugs; more importantly if multiple interacting drugs are co-administered.

For example, consider a patient was taking sitagliptan, drug A and drug B. Using step-wise forward and
backward selection methodology, the model would include drugs A and B individually and not
simultaneously. If effects of drug A is not significant, it would be excluded from analysis. It is possible
that there is an unknown interaction between drug A and B which could result in no effects of drug A
pharmacokinetics of sitagliptan. If a study were to be conducted with drug A alone, there could be a
significant interaction. ldeally a full model should be developed which would include drugs A and B
simultaneously for their effects on sitagliptan. This would make it very complicated if one wishes to
analyze huge number of drug interactions as the sponsor has conducted. The current analysis by the

sponsor does not address this issue which is very important for understanding drug-drug interactions. In
. S N —————

The following comments were sent to the sponsor for additional clarifications:

1. What were the dosage strengths for concomitant drugs that were included in the analysis? For example,
Was everybody on same dose of ibuprofen or enalapril etc?

2. What is the range of duration of treatment with concomitant medications? In your report you mention
that "If the patient was on coadministered drug before and the day of sampling, the patient's concentration
data was considered to have been obtained under conditions of coadministration of that concomitant
medication.". So for example, when evaluating the effects of ibuprofen on sitagplitan were the patients in
the Sitagplitan+Tbuprofen group taking ibuprofen for similar duration? We would like to know that for all
concomitant drugs that you included in the analysis.

3. Were the groups adequately balanced? i.e, did you check if there are any imbalances between for
example Sitaglipatan group alone vs Sitagplitan+Ibuprofen alone? We would like to know how you
ensured that the groups are similar (Concomitant diseases, demographics, concomitant treatments etc).

4._1f you evaluated the effects of covariates using stepwise forward and backward approach, probably you

tested the effects of each concomitant drug individually and if it was not significant, it was excluded from
the analysis. For example., let us consider two drugs ibuprofen and enalapril. Were there any patients who
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were taking these two drugs simulatneously? In that case, stepwise forward approach will evaluate cffects
of ibuprofen and enalapril individually. What if the effects were a combination and not individual effects?
How did you handle such cases?

5. In your model, you included effects of age, serum creatinine and creatinine clearance in the model
which we think are not necessary. We would like you to simplify your model and exclude all confounding
covariates and repeat the analysis. Any subsequent calculations for drug-drug interactions should include
such a model. Although, it might not make a big impact, we would like to rely on a reasonable model
before we agree to any conclusions derived using population pk analysis approach.

5  Sponsor Proposed Labeling Statements
The following are the statements proposed by the sponsor in the label which are based on population
pharmacokinetic analysis.

Body Mass Index (BMI)

No dosage adjustment is necessary based on BMI. Body mass index had no clinically meaningful effect on
the pharmacokinetics of sitagliptin based on a composite analysis of Phase 1 pharmacokinetic data and on a
population pharmacokinetic analysis of Phase I and Phase II data.

Reviewer’s Comments

The following figure which shows the dose ad)usted AUC vs body mass index justifies the statement
proposed by the sponsor (Ref: Composite Analysis Report: r10006.pdf):

e} (UBAery

Dose-Adjustied ALICI0:

el

L S P, e st . y
1% b ] =3 a2 35 49
Body Mass index
Note: The sofid curve is back-transferred trom tha fitted regression line fn
(AUC, .} = 21088 4+ 0.0015 » BMI. The doitad curves are the 85%
confidence bands.

Gender
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No dosage adjustment is necessary based on gender. Gender had no clinically meaningful effect on the
pharmacokinetics of sitagliptin based on a composite analysis of Phase I pharmacokinetic data and on a

population pharmacokinetic analysis of Phase I and Phase II data.

Reviewer’s Comments

The following table which shows the dose adjusted AUC vs gender justifies the statement proposed by the
sponsor (Ref: Composite Analysis Report: 10006.pdf):

Gender Effects on Plasma MK-0431 AU o, (uM-hrd and C s (nM) Following
Administration of Single Oral Doses of 1.5 1o 600 mg MK-0431 16 Healthy Subjects

N & Cenmewic

9001 p-Vaud

Gendee | N | ohe  tSwmean’ | Median Min Max GMIR?

AU, . Ll hrt S —
Femule | 47 66d TR t 453 ; l TS T o
Male | 3l 642 0424 | 395 N
Lo 103 .

Femaie © 43 | 39 | 40 R P ] o030 | 3D B34 T Lan 142 anint
Male wa | o3l 30l 523 S5 [ 10 | aem2 :

* Back-transioemned from jog scafe.

Nobs =
L1 = Confidenee Interval.

! Beswern sabneat Staadand Devipgian.

¥ GMR = Rasio of geometric least squarce means {Female/Male),
F pevalues for comparisen belween Rile and rrale.

TRt mean squaie errat on the Ing scdde from ANCOVA nusdel x 1006,

Number of observations, Min = Minimuan: Max = Maximum; LS Mcon = Least Squares Mean,

Cuefficient of Vasiaton® (%= 1361 for AUCo, and M3 For e~~~

Pediatrie

No studies with JANUVIA have been performed in pediatric patients.

Race

No dosage adjustment is necessary based on race. Race had no clinically meaningful effect on the
pharmacokinetics of sitagliptin based on a composite analysis of Phase I pharmacokinetic data and on a
population pharmacokinetic analysis of Phase I and Phase II data, including subjects of white,

black, Asian, and other racial groups.

Reviewer’s Comments

The following table which shows the dose adjusted AUC vs race justifies the statement proposed by the

sponsor (Ref: Composite Analysis Report: 10006.pdf):
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Race Effects on Plasina ME0431 AUC, . (uM -hr) and Cﬂ?“* {nM) Following
Administration of Single Oral Doses of 1.5 10 600 mg ME-0431 to Healthy Subjects

N FEm—— i , o )
NoLebs | LSmesw | Median 0 Min | Max | SD™ | GMR® S04 CY | pr-Vatee!
o 1B e e
: 15 M 735 35 77830 122 1 owm [ 036097 | 006
Hispanic T 282 1.45 199 403 533 | DRE L D9LDIW | 0G2Y
Astan 12 4,12 358 | 031 0 309 1 203 1 102 2 AT 106 | DS
Cogcasgan | B0 | 136 0 485 027 | D2 1 w3 o33 ; , |
'C'mx LEIH] P R . —
“Rlack 15 ] 13 0 31 ToE DT FI40 ] 169 | D91 | (0RD103) | 0215
Hispanic Wi ote | 362 221 2L | oAm30 ¢ BTY 164 1 (097.152) [ 038
Asi RIS w0 . 295 214 b 4280 | 710 L 1@e (098,145 | DI
Cowensign | 80§ 1236 | 348 ;2 535 ¢ 11300 ° 5520 ° I

ot of Mariaien 15 = 12 61 for ALC .. sl 3313 foy Q.
Back-rranstormad from g scale.
? Between-Subject Siandand Deviatton
S GMR = Ratin of gromsiric beast sipiaces means relative to Cousissim.
¥ svahues for comparison hevveen Cavcasian and other 12068
T Root mean squitre evros o the Jog seale frim ANCOV A madel x 100,

Nohs = Neniher of observagions:s Min = Minimnn:, Max = Miaawnun: 18 Meas = Lreat Squares Moy

Cl = Confiderce Insval.

6  OCP Proposed Labeling Statements
The following are the statements proposed by OCP.

Body Mass Index (BMI) _

No dosage adjustment is necessary based on BMI. Body mass index had no clinically meaningful effect on
the pharmacokinetics of sitagliptin based on a composiie analysis of Phase I pharmacokinetic data and on a
population pharmacokinetic analysis of Phase I and Phase 1I data.

Gender

No dosage adjustment is necessary based on gender. Gender had no clinically meaningful effect on the
pharmacokinetics of sitagliptin based on a composite analysis of Phase I pharmacokinetic data and on a
population pharmacokinetic analysis of Phase I and Phase 11 data.

Geriatric
No dosage adjustment is required based on age. Age did not have a clinically meaningful impact on the
pharmacokinetics of sitagliptin based on a population pharmacokinetic analysis . === ———

after accounting for renal function. Elderly subjects (65 to 80 years) had approximately 19% higher plasma
concentrations of sitagliptin compared to younger subjects.

Pediatric

No studies with JANUVIA have been performed in pediatric patients.

Race
No dosage adjustment is necessary based on race. Race had no clinically meaningful
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Briefing In Content:

JANUVIA belongs to a new class of oral anti-hyperglycemic agents called dipeptidyl peptidase 4 (DPP-4)
inhibitors, which improve glycemic control in patients with type 2 diabetes by enhancing the levels of active
incretin hormones. Incretin hormones, including glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic peptide (GIP), are released by the intestine throughout the day. The incretins are part of an
endogenous system involved in the physiologic regulation of glucose homeostasis. When blood glucose
concentrations are normal or elevated, GLP-1 and GIP increase insulin synthesis and release from pancreatic
beta cells.

Pharmacokinetics '

The pharmacokinetics of sitagliptin has been extensively characterized in healthy subjects and patients with
type 2 diabetes. After oral administration of a 100-mg dose to healthy subjects, sitagliptin was rapidly absorbed,
with peak plasma concentrations (median Tmax) occurring 1 to 4 hours post-dose. Plasma AUC of sitagliptin
increased in a dose-proportional manner. Following a single oral 100-mg dose to healthy volunteers, apparent
terminal half-life (t1/2) was 12.4 hours. Plasma AUC of sitagliptin increased approximately 14% following
100-mg doses at steady state compared to the first dose. The absolute bioavailability of sitagliptin is
approximately 87%. JANUVIA may be administered with or without food.

Sitagliptin is primarily eliminated unchanged in urine, and metabolism is a minor pathway. Approximately
79% of sitagliptin is excreted unchanged in the urine. Six metabolites were detected at trace levels and are not
expected to contribute to the plasma DPP-4 inhibitory activity of sitagliptin. /r vitro studies indicated that the
primary enzyme responsible for the limited metabolism of sitagliptin was CYP3A4, with contribution from
CYP2C8.

Patients with mild renal insufficiency did not have a clinically meaningful increase in the plasma concentration
of sitagliptin as compared to normal healthy control subjects. An approximately 2-fold increase in the plasma
AUC of sitagliptin was observed in patients with moderate renal insufficiency, and an approximately 4-fold
increase was observed in patients with severe renal insufficiency and in patients with ESRD on hemodialysis, as
compared to normal healthy control subjects.

In patients with moderate hepatic insufficiency (Child-Pugh score 7 to 9), mean AUC and Cmax of sitagliptin
increased approximately 21% and 13%, respectively, compared to healthy matched controls following
administration of a single 100-mg dose of JANUVIA. There is no clinical experience in patients with severe
hepatic insufficiency.

In Vitro Assessment of Drug Interactions showed that Sitagliptin is not an inhibitor of CYP isozymes CYP3A4,
2C8, 2C9, 2D6, 1A2, 2C19 or 2B6, and is not an inducer of CYP3A4. Sitagliptin is a p-glycoprotein substrate,
but does not inhibit p-glycoprotein mediated transport of digoxin.

A population analysis for MK-0431 pharmacokinetics (PK) was conducted using PK and demographic
data from two MK-0431 Phase IIb studies (PN 010 and 014) and fourteen pre-specified Phase I studies
(PN 001-008, 012, 013, 017, 027, 029, 033). A 2-compartment linear PK model was developed to
describe the plasma concentration data following oral doses ranging from 20-200-mg. A total of 858
subjects/patients that received valid doses and had measured plasma concentrations were included in
this analysis. '
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The to-be-marketed formulation of Januvia was used in pivotal clinical trials. Januvia tablets were tested in
three different media and it dissolved in all three media more than 85% in 15 minutes. The sponsor has
proposed disintegration for in vitro release specifications.

JANUVIA is indicated as an adjunct to diet and exercise to improve glycemic control in patients with type 2
diabetes mellitus. JANUVIA is also indicated in patients with type 2 diabetes mellitus to improve glycemic
control in combination with metformin or a PPARy agonist (e.g., thiazolidinedione) when diet and exercise,
plus the single agent do not provide adequate glycemic control.

The recommended dose of JANUVIA is 100 mg once daily as monotherapy or as combination therapy with

metformin or a PPARy agonist (¢.g., thiazolidinedione). In renally impaired patients, the dose may reduce to 50
mg or 25 mg a day. Both low strengths of tablets 25 mg and 50 mg are also planned to market.
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