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Recommendation: From the Biophar maceutics per spective, both NDAs 22271 and
22426 are recommended for approval.
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ONDQA (Biopharmaceutics) Review

NDA: 22-271 Resubmission
Submission Date: 07/25/2011
Product: NESINA® (alogliptin) tablets, 12.5 and 25 mg
Type of Submission: Original NDA Amendment
Applicant: Takeda
Reviewer: Tapash K. Ghosh, Ph.D.

SYNOPSIS

Background: In December 2007, Takeda submitted Original NDA 22-271 for NESINA®
(alogliptin) Tablets. The proposed NESINA product, are oval, biconvex, film-coated
tablets containing 25 mg, 12.5 mg or 6.25 mg of alogliptin indicated as an adjunct to diet
and exercise to improve glycemic control in adults with type 2 diabetes mellitus. In June
2009, FDA sent a Complete Response letter for this NDA, requesting Takeda to conduct
a cardiovascular safety trial for alogliptin.

Resubmission: On July 25, 2011, the Applicant resubmitted NDA 22-271 for NESINA®
Tablets.

Review: The Biopharmaceutics review is focused on the evaluation and approvability of
the dissolution method and acceptance criterion.

RECOMMENDATION

The provided data support the proposed dissolution testing conditions. The following
dissolution method and acceptance criteria are acceptable.

USP Spindle Medium |[Temperatur| Medium Acceptance
Apparatus | Rotation Volume e Criterion
No. 2 50 rpm | 900 mL 37°C HCLOOIN| Q= ®®at 15
(paddle) min

From the Biopharmaceutics viewpoint, the Resubmission of NDA 22-271 for NESINA®
Galogliptin) Tablets is recommended for approval.

Tapash K. Ghosh, Ph. D. Angelica Dorantes, Ph. D.
Primary Biopharmaceutics Reviewer Biopharmaceutics Team Leader
Office of New Drug Quality Assessment Office of New Drug Quality Assessment
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BIOPHARMACEUTICS ASSESSMENT

» Choice of Dissolution Conditions

Dissolution Medium and Apparatus. Alogliptin benzoate has high solubility according
to BCS class definitions with 47.0, 27.1, 27.6 and 21.9 mg/ml dissolved in 0.1 N HCI,
0.01 N HCI, pH 4.5 acetate buffer and pH 6.8 phosphate buffer, respectively. The
solubility meets the definition of highly soluble and significantly exceeds the sink
conditions needed for the dissolution test (at least 0.083 mg/ml with a volume of 900 ml
for a 25 mg dose). The dissolution medium consisting of 0.01 mol/L HCI was selected
from the evaluated media for simplicity of laboratory procedures, and because the
necessary solubility showed no dependence on pH. Apparatus 2 and was selected for the
testing of alogliptin tablets.

Paddle Rotation Speed: A paddle rotation speed of 50 rpm was selected because
alogliptin benzoate dissolved immediately using any aqueous medium across the
physiological pH range at this speed. Additionally, this speed is the most commonly
recommended and the slowest speed generally accepted for the paddle method.

Discriminating Ability: The discriminating capability of the selected testing conditions
was not evaluated due to high solubility of alogliptin benzoate itself. Additionally, the
same rapid and similar dissolution performance (i.e. greater than| ®? (Q) dissolved in 15
minutes) was observed regardless of media pH and formulation evaluated through the
course of development.

Dissolution Profilesfor Alogliptin Tablets: The dissolution profiles for 6 individual
alogliptin tablets ( ®® 6.25mg, 12.5mg and 25mg) were investigated using 0.1 N
HCI (pH 1.0), 0.0IN HCI (pH 2.0), pH 4.5 acetate buffer and pH 6.8 phosphate buffer at
37°C with the paddle method at a rotation speed of 50 rpm. All profiles of alogliptin
tablets ( ®@ 6.25mg, 12.5mg and 25mg) were essentially the same regardless of the
pH of the dissolution medium.

Table 5. Dissolution profiles for media with various pH Method Conditions

Experiment Dissolution Medium
A pH 1.2: 0.1N HCI (USP Gastric Fluid,Simulated, TS without pepsin)
B pH 2.0: 0.01N HCI
C pH 4.5: 0.05M Acetate buffer (USP)
D pH 6.8: 0.05M Phosphate buffer (USP)
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Figure 13.  Dissolution Profiles for SYR-322 Tablets (3,125me) with Various Media pH
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Figure 14.  Dissolution Profiles for SYR-322 Tablets (6.25mg) with Various Media pH
. . ® @
Apparatus: Dissolution tester;

Selection of Dissolution Medium: Since the same dissolution profiles were observed
regardless of pH of the media, 0.01 N HCI was chosen as the dissolution medium, for
ease of preparation and equivalent solubility to that determined for the pH 2.0 to 6.8
conditions. Selecting the dissolution medium of low pH is also reasonable, because
alogliptin tablets are intended to be an immediate release dosage form following oral
administration. The temperature of 37°C was established.
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» Proposed Dissolution Method:
As the result of these studies, the proposed operating conditions for the dissolution of
alogliptin tablets are shown below:

Apparatus. Paddle apparatus
Paddle rotation speed: 50 rpm
Medium: 900mL of 0.01 N HCI (without deaeration)

» Proposed Acceptance Criterion
The acceptance criterion was based on examination of dissolution results from all
available data reported during batch release and stability testing. Dissolution profiles
were obtained in the stability studies, with data collected for dissolution in 5 minutes, 15
minutes, 30 minutes and 45 minutes. The dissolution data from the 3 primary stability
batches are provided in the following table.

Table9  Dissolution Results for Alogliptin Tablets (12.5mg and 25mg) Stored at
25°C/60%RH and 40°C/75%RH (% Dissolved after 15 Minutes)

A Ti Alogliptin Tablets (12.5mg) Alogliptin Tablets (25mg)
ssay lime 7641601 7641602 7641603 Z641701 7641702 7641703
Release Test NA NA NA NA NA NA
12 M at 25°C/60%RH
7-count bottle 1002 1003 99.5 98.4 100.4 99.1
(987-101.7)  (98.8-101.3)  (98.1-101.0) (98.0-99.1)  (99.8-101.2)  (98.4-99.6)
30-count bottle 99.2 100.1 99.4 98.5 99.9 99.4
(98.0-99.9)  (99.2-101.7)  (98.4-100.8) (96.7-99.8)  (98.8-101.0)  (99.1-99.8)
90-count bottle 99.5 1013 99.3 983 100.5 99.4
(98.5-100.1) (100.9-101.8)  (98.5-100.6) (95.4-99.4) (99.7-101.0) (98.6-100.6)
500-count bottle 99.7 100.0 100.0 99.5 100.0 997
(99.4-100.0)  (982-101.8)  (97.3-101.7) (98.9-100.1)  (99.3-100.6)  (99.1-100.6)
Aclar blister 100.0 100.5 99.4 98.2 100.0 99.5
(98.4-101.4) (99.1-101.6) (98.0-100.2) (97.5-98.9) (99.6-101.2) (98.9-100.6)
6 M at 40°C/75%RH
7-count bottle 976 974 98.2 98.1 99.3 98.4
(95.8-98.5)  (96.6984)  (97.1-99.1) (97.1-99.4)  (98.5-100.0)  (97.8-98.9)
30-count bottle 98.7 99.3 100.1 987 99.6 98.8
(97.8-99.6)  (98.0-101.1)  (99.5-101.3) (97.8-99.7)  (98.7-100.2)  (98.0-99.6)
90-count bottle 978 98.1 99.7 996 99.2 993
(96.9-98.5)  (97.499.0)  (98.5-101.4) (98.9-100.8)  (98.3-100.0)  (97.9-100.3)
500-count bottle 98.6 98.7 99.4 99.5 99.6 99.0
(975-99.4)  (97.699.6)  (97.0-100.4) (97.7-101.6)  (98.7-1004)  (97.9-100.0)
Aclar blister 98.4 99.5 98.6 98.4 100.0 98.6
(97.8-989)  (98.7-100.7)  (97.7-99.8) (97.8-988)  (98.8-101.9)  (97.9-98.9)

Since complete dissolution was typically achieved in 15, an acceptance criterion of not
less than| ?? (Q) dissolved in 15 minutes was selected.

Reviewer Comment:
The proposed dissolution method and acceptance criterion are acceptable.
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CLINICAL PHARMACOLOGY REVIEW: Amendment

NDA 22271

Submission Date(s) July 25,2011

Brand Name Nesina®

Generic Name Alogliptin benzoate

Reviewer Sang M. Chung, Ph.D.

Team Leader (Acting) Jayabharathi Vaidyanathan, Ph.D.

OCP Division Clinical Pharmacology 2

OND Division Metabolism and Endocrinology Products
Sponsor Takeda

Submission Type Resubmission, Standard

Formulation Strength(s) 6.25 mg, 12.5 mg, and 25 mg tablets
Indication To improve glycemic control in patients with type 2 diabetes

mellitus as monotherapy or combination therapy with a
PPARY agonist, a sulfonylurea, metformin or insulin

Dosage & Administration 25 mg once daily; 12.5 mg once daily in subjects with
moderate renal impairment; 6.25 mg once daily in subjects
with severe renal impairment or end stage renal disease

This amendment is to update values in the clinical pharmacology review dated January 18, 2012
because there were numerical errors as follows (new values in red):

Reviewer’s Comment (new, page 14): The sponsor’s justifications are acceptable. Mean AUC
18 4738.9 ng/mL*min (n=5) for subjects with mild renal impairment without the subject with the
higher AUC value and is 3258.1 ng/mL*hr (n=24) for the pooled control group (consisting of
N=6 matched control group per renal impairment category).

Reviewer’s Comment (original, page 14): The sponsor’s justifications are acceptable. Mean
AUC. is 3124.7 ng/ml*min (n=5) for subjects with mild renal impairment without the subject
with the higher AUC value and is 3012.1 ng/ml*hr (n=6) for the matching control group.

The exposure increase in the mild renal impairment group was by 76% (arithmetic mean ratio)
compared to that of the matching control group (3261.24 ng/mL*hr; n=6) or the entire control
group (3258.1 ng/mL*hr; n=24). The corresponding increase becomes 45% after excluding the
subject with the higher AUC value. No dose adjustment is recommended for subjects with mild
renal impairment if there is no significant difference in the safety profiles between the mild renal

Page 1 of 2
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impairment and normal renal function patients in the Phase 3 program. Please refer Dr. Valerie
Pratt’s review for the conclusive assessment of the safety profiles.

Page 2 of 2
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NDA 22271

Submission Date(s) July 25,2011

Brand Name Nesina®

Generic Name Alogliptin benzoate
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Team Leader (Acting) Jayabharathi Vaidyanathan, Ph.D.

OCP Division Clinical Pharmacology 2

OND Division Metabolism and Endocrinology Products
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Submission Type Resubmission, Standard

Formulation Strength(s) 6.25 mg, 12.5 mg, and 25 mg tablets
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mellitus as monotherapy or combination therapy with a
PPARY agonist, a sulfonylurea, metformin or insulin

Dosage & Administration 25 mg once daily; 12.5 mg once daily in subjects with

moderate renal impairment; 6.25 mg once daily in subjects
with severe renal impairment or end stage renal disease
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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology / Division of Clinical Pharmacology 2 (OCP/DCP-2) has
reviewed the resubmission of NDA 22271 for Nesina® (alogliptin benzoate) and finds it
acceptable.

1.2 PhaselV Commitments

None

1.3 Summary of Important Clinical Pharmacology Findings

The submission is to address the issues identified in the Agency’s Complete Response Letter
dated on June 26, 2009 (Attachment 3-1). Among the issues, clinical deficiencies were as
follows:

The NDA data have not ruled out an unacceptable increase in cardiovascular (CV) risk
with alogliptin

The NDA contains only uncontrolled data beyond week 26 and it substantially limits
interpretability

The sponsor should provide safety and tolerability in patients with mild renal impairment
compared to those of patients with normal renal function because alogliptin area under
the time-concentration curve (AUC) was increased by 70%, which may require a dose
adjustment if those data are not available.

The sponsor addresses the clinical issues as follows:

A prospective, double blind CV outcome study (Study 402) has been conducted to
evaluate the incidence of Major Adverse CV Events (MACE). The first pre-specified
prospective interim analysis indicates that the point estimates of the hazard ratios and its
95% confidence interval (CI) meet the regulatory goal post e

Since the original NDA, a total of 526 subjects (15.0%) who received alogliptin 25 mg
and 472 subjects (16.1%) who received all comparators were exposed for at least 1 year
(defined as >335 days).

Alogliptin AUC increase in patients with mild renal impairment is primarily driven by
one subject. Furthermore, analysis of adverse events (AEs) based on either baseline or
endpoint renal status indicated that the incidence of AEs in subjects with mild renal
impairment was similar to that observed in subjects with normal renal function. Therefore,
dose adjustment based on mild renal impairment at baseline is not necessary.

The dose adjustment for patients with mild renal impairment was the clinical pharmacology issue
and it seems that the sponsor analysis and results reasonably address the issue.

Reference ID: 3073062
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In addition, the sponsor included the following new clinical pharmacology data in the
resubmission:
e Alogliptin absolute bioavailability 1s about 100% (Study SYR-322-103)
e Alogliptin pharmacokinetics and pharmacodynamics measured as DPP-4 inhibition
following 12.5 mg twice daily for 7 days are comparable to those of 25 mg once daily for
7 days (Study SYR-322-101)
e There is no significant effect of voglibose on alogliptin exposure in Japanese subjects
(Study SYR-322/CPH-004).

New clinical pharmacology data are acceptable except the drug interaction study (Study SYR-
322/CPH-004). Voglibose (Basen®) has not been approved in US and its dose (0.2 mg TID) is
significantly different from its analog (Precose®; 25 mg TID as the starting dose) approved in US.
Therefore, the results may not be warranted for alogliptin labeling.

The clinical pharmacology data from the original submission indicate that intrinsic and extrinsic
factors do not affect alogliptin exposure except renal impairment. In addition, alogliptin does not
significantly affect exposure of other drugs including drugs with narrow therapeutic index such
as warfarin, digoxin and oral contraceptive (see the following forest plots and the clinical
pharmacology review dated on August 28, 2008).

Intrinsic factors on alogliptin exposure

Comparison (Trial No.) Cmax(90%%cCI) AUC(90%CI) Assessment
Alogliptin 25 mg: ' !
Mod Hepatic impairment ——i PR Not significant
Mild renal impairment H+ 1 Ew—« Significant
Mod renal impairment '—'—0—‘ o Significant
Sev renal impairment | o Significant
ESRD - ——— Significant
0.'75 1.00 1.’25 1.‘50 1.175 2.1)0 é '; é
Fold Change in Cmax Fold Change in AUC

The horizontal axis show the fold change in Cmax and AUC relative to control
The red dashed reference lines on x-axis show the lower (0.8) and upper (1.25) BE limits
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Extrinsic factors on alogliptin exposure

Comparison (Trial No.) Cmax(90%CI) AUC(90%CI) Assessment
Alogliptin: ;
Fluconazole 200 mg (2C9) '_‘_' HH Not significant
Ketoconazole 400 mg (3A4) '_"_‘ HO— Not significant
Gemfibrozil (2C8/9) P—*O—i ; H@H Not significant
Cylosporine (3A4/trpts) e I Not significant
Cimetidine 400 mg QD for 6 D - HOH Not significant
. Metformin 1000 mg BID for 6 D i @ Not significant
Pioglitazone 45 mg QD for 12 D i H@H Not significant
Atorvastin 80 mg QD for 7 D PO - Not significant
Digoxin 0.2 mg QD for 10 D : ! o ; Not significant
Food (high fat) e . Not significant

ofs 1.0 1.'2 114 0.8 of9 1.0 1.1 112
Fold Change in Cmax Fold Change in AUC

The horizontal axis show the fold change in Cmax and AUC relative to reference formulation
The red dashed reference lines on x-axis show the lower (0.8) and upper (1.25) BE limits

Effect of Aloglitpin on other drugs' exposure

Comparison (Trial No.) Cmax(90%CI) AUC(90%%CI) Assessment
Glyburide 5mg (2C9) ,_._4 Not significant
Warfarin (S) (2C9) i - Not significant
Ethinyl estradiol - Not significant
Cimetidine 400 mg QD for 6 D i e Not significant
Metformin 1000 mg BID for 6 D —— +—@——  Not significant
Pioglitazone 45mg QD for 12D+ 14— | H-o—i Not significant
Atorvastatin 80 mg QD for 7 D i——Q—-—-{ 0—0——1 Not significant
Digoxin 0.2 mg QD for 10 D — : @ ‘ Not significant
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2 Question Based Review

2.1 What isthe absolute bioavailability?

Alogliptin bioavailability was assessed in an open-label, randomized, single-dose, 2-period
crossover study in healthy subjects (n=24 planned, 21 analyzed; Study SYR-322-103). Subjects
received a single oral dose of 25 mg (Treatment A; test) and a single intravenous (IV) dose of
12.5 mg (Treatment B; reference) with a 7-day washout interval. Study treatments and periods
are summarized in Figure 1. Blood and urine sampling schedule are summarized in

APPEARS THIS WAY ON ORIGINAL

Page 5 of 42
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Table 1.

Disposition of subjects and demographic characteristics are summarized in the supplemental
figures and tables (Attachment 3-2). Mean alogliptin concentration-time profiles are shown in
Figure 2 and its pharmacokinetic parameters are summarized in Table 2.

Alogliptin absolute bioavailability i1s about 100% (Table 2). Alogliptin pharmacokinetic
parameters such as dose-normalized AUC, terminal half-life (t1/2) and fraction eliminated into
urine (fe) were comparable between oral and IV dosing (table in Attachment 3-2). Clearance
(CL), volume of distribution (Vz), t1/2 and fe(0-72 hour) were 14 L/hr, 416.7 L, 20.9 hr, and
64% dose, respectively, following IV dosing (table in Attachment 3-2).

Pretl‘eaftment Treatment period
period
. . . . Study
Screening Check-in Period 1 Period 2 exit/ET
Days -21 to -2 Day -1 Days 2to | Day 8 Days 9 to Day 11
Day 1 dosing 7 dosing 10
Sequence I A Washout B Washout
Sequence IT B (a) A (a)
< confinement >

(a) Washout began immediately after dosing.
Treatment A=25 mg of alogliptin administered orally in tablet form (test treatment), Treatment B=12.5 mg of alogliptin
administered as a 30-minute IV infusion at a constant flow rate (reference treatment), ET=early termination

Figure 1 Study schematic (Study SYR-322-103)

Page 6 of 42
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Table 1 Pharmacokinetic blood and urine sampling schedule (Study SYR-322-103)

Plasma
Treatment Scheduled time
Alogliptin 25 mg Predose (within 1 hour prior to dose) and at 0.25 (15 min), 0.5 (30 min), 1, 1.5,
administered orally 2,2.5,3,4,6,8,12, 16, 24, 36, 48, and 72 hours postdose.
Alogliptin 12.5 mg Predose (within 1 hour prior to dose) and at 0.083 (5 min), 0.167 (10 min), 0.25
administered IV (15 min), 0.5 (30 min). 0.583 (35 min), 0.667 (40 min), 0.75 (45 min), 1, 1.5, 2,
2.5.3.4.6.8.12. 16. 24, 36. 48. and 72 hours after the start of infusion.
Urine
Scheduled Time
Study Day 25 mg orally 12.5mg IV
-ltoland 7to 8 Predose (-12 to 0 hours) Predose (-12 to 0 hours)
land 8 0 to 2 and 2 to 4 hours postdose 0 to 2 and 2 to 4 hours after the start of dosing

lto2and 8to 9
2to3and 9to 10
3to4and 10to 11

4 to 24 hours postdose
24 to 48 hours postdose
48 to 72 hours postdose

4 to 24 hours after the start of dosing
24 to 48 hours after the start of dosing
48 to 72 hours after the start of dosing

- oo Oral Dosing (N=Z1l)
EAVLY €69 Infusion Dosing (N=20)
3
150
A
.'|;
3 100
Y
3 s
i
;
2
0 € 12 18 24 30 36 42 S4 60 66 72
Time (hours)
Figure 2 Mean plasma concentration-time profiles by treatments (Study SYR-322-103)
Table 2

Statistical analysis of dose-adjusted plasma pharmacokinetic parameters of alogliptin oral
25 mg and alogliptin IV 12.5 mg (Study SYR-322-103)

LS Mean

Treatment A:
Alogliptin 25 mg Oral

Treatment B:
Alogliptin 12.5 mg IV

(M ®R) Ratio (T/R)-100
Parameter (unit) n=21 n=20 (90% CI) (a)
AUC(0-inf) ([ng-hr/mL]/mg) (b) 72.57 71.33 101.74 (99.01, 104.56)
AUC(0-tlqc) ([ng-hr/mL]/mg) 69.10 66.89 103.31 (100.38, 106.31)
AUC(0-24) ([ng-hr/mL]/mg) 52.69 51.45 102.42 (98.72, 106.26)
Cmax ([ng/mL]/mg) 5.74 13.54 4238 (38.39,46.79)
Tmax (hr) (¢) 2.250 0.558 —

Source: Table 15.2.1.3.

T=test treatment, R=reference treatment, — =not applicable.
(a) Ratios and CIs are presented as percentages.

(b) AUC(0-1nf) 1s used as absolute bioavailability.
(c) Tmax 1s presented as median, unadjusted for dose; P<0.001 using Wilcoxon signed rank test with matched
subjects who received both treatments (n=20).

Reference ID: 3073062
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2.2 Is there any difference in alogliptin PK and PD between once-daily and twice daily
dosing?

Alogliptin pharmacokinetics and pharmacodynamics was evaluated following 12.5 mg twice
daily (BID) and 25 mg once daily (QD) for days in healthy subjects (Study SYR-322-101).
Pharmacodynamic effects were measured by DPP-4 inhibition.

Study design is summarized in Figure 3. Subject disposition and demographic characteristics are summarized
in supplemental table and figure (Attachment 3-2). Blood and urine sampling schedules are
summarized in Table 3. Pharmacokinetic and pharmacodynamic profiles are shown in

Figure 4. Alogliptin PK and PD parameters are summarized in Table 4 and Table 5.

Alogliptin AUCs were comparable between 25 mg QD and 12.5 mg BID for 7 days dosing with
the least square geometric mean ratio (LSGMR; BID/QD, 90% CI) as 102.9 (97.6-108.6).
Alogliptin Cmax was low as predicted following 12.5 mg BID compared to that of 25 mg QD
with LSGMR (90% CI) as 65.4 (59.2-72.2). In addition, pharmacodynamics was comparable
between both dosing regimens with LSGMR for the area under pharmacodynamic effect-time
curve (AUEC(0-24)) as 102.1 (101.5-102.6). DPP-4 imhibition was above 80% for both dosing
regimens 24 hours postdose.

Pretreatment Treatment period (a)

Screening Baseline/check-in 1 2

Days -28 to -2 Day -1 Days1to7 Days 8 to 14 Days1to7 Day 8
dosing (b) Dosing
A (n=14) Washout B Study Exit
B (n=14) A

(a) Samples for pharmacokinetic analyses were collected on Days 1 and 5 to 7.
(b) Subjects were randomized prior to dosing on Day 1.

A=alogliptin 25 mg QD=reference treatment.

B=alogliptin 12.5 mg BID=test treatment.

Figure 3 Study schematic (Study SYR-322-101)

Table 3 Sampling schedule (Study SYR-322-101)

PK samples
Treatment Study Day Scheduled Time
25 mg QD Days1.5.and 6  Within 30 minutes prior to dose.

Day 7 Within 30 minutes prior to dose, and 0.5, 1, 2.3.4.6. 8. 12, 16, 20. and
24 hours postdose.

12.5 mg BID Days1.5,and 6  Withmn 30 minutes prior to moming dose.

Day 7 Within 30 minutes prior to morning dose and within 15 minutes prior to
evening dose, and 0.5, 1, 2,3, 4,6, 8,12, 125,13, 14, 15, 16, 18, 20, and
24 hours postdose.

Page 8 of 42
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Urine samples

Treatment Study Day Scheduled Time
25 mg QD Day 1 -12 to 0 hours predose.

Day 7 -12 to 0 hours predose and 0 to 24 hours postdose.
12.5 mg BID Day 1 -12 to 0 hours predose.

Day 7 -12 to 0 hours predose, 0 to 12, and 12 to 24 hours postdose (12 to 24 hour

collection interval began immediately after evening dose).
PD samples
Treatment Study Day Scheduled Time
25mg QD Davy 1 Within 30 minutes prior to dose.
Day 7 Within 30 minutes prior to dose, and 0.5, 1, 2. 3.4, 6,812, 16. 20, and
24 hours postdose.

12.5 mg BID Day 1 Within 30 minutes prior to morning dose.

Day 7 Within 30 minutes prior to morming dose and within 15 minutes prior to
the evening dose, and 0.5, 1,2, 3. 4,6, 8,12, 12,5, 13, 14, 15, 16, 18,
20, and 24 hours postdose.

25 mg QD (N=2E)
12.5 mg BID(N=24)
=
-~ 100
=
- 90 - == 2 %%
- g o
= = S g —©
pr =~ &0 —_—
© I
by 5 70
o o
g a0
5 =
(] £
x 5 50+ —B— SYR-322 25 mg QD (N=25)
: . —&— SYR-322 12.5 mg BID (N=24)
3 P
~ =
& LR
LY
= c
520
0 2 4 € 8 10 12 14 16 18 20 22 24 =
Time (hours) 104
Source: Figure 15.2.1. 0 T T T T T T T T T T T 1
Alogliptin 25 mg QD=Treatment A=reference treatment. 0 2 4 & g 10 1zo1e e 18 20 22 A
Alogliptin 12.5 mg BID=Treatment B=test treatment. Time (hours)
Figure4 Mean alogliptin plasma concentration-time profiles (left) and DPP-4 inhibition (right) by

treatments (Study SYR-322-101)
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Table4 Alogliptin PK parameters (Study SYR-322-101)

Arithmeric Mean (%CV) LS Mean

Alogliptin Alogliptin Alegliptin Alogliptin
Analyte 12.5 mg BID (T) 25mg QD (R) [12.5 mg BID (T)f 25 mg QD (R) Ratio (T/R)-100
Parameter (units) n=24 n=15 n=24 =15 (90% CT) (a)
Alogliptin Plasma
ATIC(0-24) (ng-hr/mL) 138358 (14.386) | 1362.22(17877) 137853 133021 102.94 (07 57, 108.60)
ATUC(0-12) AM T06.69 (15.364) — 698.77 — 05.88 (93.30, 08.44) (b)
ATUC(12-24) PM 676.80 (14.482) — 670.01 — (L)
(Cmax (ng/mL) 02.65 (22.668) 144.26 (24.812) 91.02 13923 6538 (59.17, 72.24)
(Cmin (ng/mL) 3723 (17.577) 2484 (21.977) 3717 2443 15216 (145.27, 159.37)
ICtrough (ng/mL) (c) 3862 (16.287) 2450 (18.644) — — —
Tmax (hr) (d.e.f) 1.08 (0.083,3.017) | 1.98 (0.517.2.083) 1.08 1.98 —
Swing (%) 152.94(37.830) 406.91 (34.473) — — —
Fluctuation (%a) — 208.61 (20.585) — — —
Fluctuation (0-12) (%%) 0220 (26.526) — — — —
(Cavg (ng/mL) — 56.80(17.877) — — —
(Cavg (0-12) (ng/mL) 3031 (15.370) — — — —
(Cavg (12-24) (ng/mL) 56.14 (14.460) — — — —
\Alogliptin Urine
Ae(0-24) (mg) 16.36 (12.961) 16.03 (28.670) 16.25 14.85 100.41 (9091, 131.68)
(CLr{0-24) (L/hr) 12.03 (17.139) 11.97 (30.549) 11.82 11.09 106.61 (89.77. 126.60)
[Fe(0-24) (%) 6544 (12.961) 64.13 (28.670) — — —

Source: Tables 152.14,152.15,152.16,and 152.1.11.

— =not applicable, %CV=percent coefficient of variation, T=test treatment (treatment B), R=reference treatment
(treatment A).

(a) Ratios and CIs were presented as percentages.

(b) Value shown is the ratio of AUC(12-24) PM to AUC(0-12) AM.

(c) Alogliptin 25 mg QD N=75, alogliptin 12.5 mg BID N=74. Sample size for Ctrough is defined in the Statistical
Analysis Plan as observed predose (trough) plasma concentration on Days 5. 6, and 7.

(d) Median (nunimum, maximum) values are presented for Tmax.

(e) n=24 for alogliptin 25 mg QD Tmax LS Mean and AUC(0-tau).

(f) P=0.905.
Table5 M ean DPP-4 inhibition on Day 7 (Study SYR-322-101)
Arithmetic Mean (%CV) L5 Mean

Analyte Alogliptin Alogliptin Alogliptin Alogliptin Ratio (T/R)-100
[Parameter (units) 25 mg QD (A) 12.5 mg BID (B) | 25 mg QD (R) | 12.5 mg BID (T) (90% CT) (a)
\Alogliptin Plasma n=15 n=24 n=15 n=14
[AUEC(0-24) 200363 (2.161) | 213200 (1.866) 200205 2135.00 102.05 (101.50, 102.61)
(%eInhibition) (hr)-
[AUEC(0-tau) 2003 63 (2.161) 1064 80 (1.659) — — —
(%eInhibition) (hr)-
Emax (%Inhibition) 04 47 (1.446) 0228 (1.537) _ —_ _
Tmax (hr) (b) 1.98 (0517, 4.017) | 1.98 (0.500, 4.083) — — —
[EQ (%Inhibition) 81.69(3.197) 86.03 (2.833) 81.66 8620 10555 (104.70, 106.41)
E12 (%Inhibition) — 86.40 (2.624) — — —
E24 (%Inhibition) 80.30(3.143) 84.74 (2.802) 8022 8401 105.85 (104.91. 106.79)

Source: Tables 1521 8 and 152.19.

— =not applicable, E12=cbserved effect at 12 hours postdose for BID dosing regimen,
T=test treatment (treatment B), R=reference treatment (treatment A).

(a) P-value=0.001 for treatment difference for AUEC. E0. and E24.

(b) Median (minimum, maximum) values are presented for Tmax.
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Reviewer’s comments: The relationship between alogliptin plasma concentrations and data of
plasma DPP-4 inhibition is known to be direct without a delay. Therefore, it seems reasonable to
assume that alogliptin concentration - DPP-4 inhibition profiles are comparable between the
dosing regimens. Individual data indicate PK-PD relationship is comparable between dosing

regimens (Figure 5).
PK-PD from a subject
100.0 4
[
) [ X J
0.0 4 PY .‘ L] o ®
°
° ... o *°

80.0 4 .. °

70.04
5 60.0 4
2
£ e 125BD
= 5004
® ®25QD
% 4004

30.04

20.04

1004

0.0 - T v v T . .
0.0 200 40.0 60.0 80.0 100.0 120.0 140.0
alogliptin plasma concentration (ng/ml)
Figure 5§ DPP-4 inhibition vs. alogliptin concentrations following multiple dose (Day 7) by dosing

regimens

2.3 What is the effect of voglibose on alogliptin exposure?

The effect of voglibose 0.2 mg TID for 6 days on 25 mg alogliptin exposure was evaluated using
an open-label study in Japanese (n=10; Study SYR-322/CPH-004). Study design is summarized

mn Figure 6.
DAY -28 -1 1 2 6to 10 11 12to 13 14 21
to - to
2 5
Hospital . & Follow-
Procedures S A & pre- E&A E E&A E&A E&A Hospital
study E discharge up
alogliptin SYR-322 SYR-322
25 mg 25 mg
voglibose Voglibose | Voglibose | Voglibose
0.2 mg 0.2 mg 0.2 mg
TID TID TID
< confinement >

S: Screening, E: Examination, A: Admission

Figure 6

Reference ID: 3073062

Study schematic (Study SYR-322/CPH-004)
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Disposition of subjects are shown in the supplemental figures (Attachment 3-2). Mean (SD)
plasma concentration-time profiles for alogliptin are shown in Figure 7. Its metabolites
concentration-time profiles are shown in the supplemental figures (Attachment 3-2). PK
parameters of alogliptin and its metabolites are summarized in Table 10. The LSGMR of
alogliptin and its metabolites with and without voglibose are summarized in Table 12. The
statistical analysis indicates that voglibose reduced alogliptin AUC(0-72) by 23.2% and Cmax by
10.3%.

Reviewer’s comments: Voglibose (Basen™), an alpha-glucosidase inhibitor, has not been
approved in US and its dose (0.2 mg TID) is different from an analog (Precose™; 25 mg TID as
the starting dose) approved in US. The results of this DDI may not be warranted for alogliptin
labeling.

{ng/al}

250
@@ Day 1(a=3)
O~ Day 11{a=3)
Hean. S0

2004

1504

1004

50

o]

Figure?7 Mean (SD) plasma concentration-time profiles by treatments (Study SY R-322/CPH-004)
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Table6 Statistical analysis of phar macokinetic parametersfor alogliptin and its metabolites (Study
SYR-322/CPH-004)

N LS Mean
Parameter (units) Ratio (Day 11/Day 1) 90% CI
Day1 Dayl1l Day 1 Day 11 -
(%) () (%) (a)
SYR-322Z
AUC(0-72)
. 5
(ngehr/mL) 9 9 1502 684 1154.043 76.8 74.6,79.1
AUC(0-tlge)
. 5
(ngehr/mL) 9 9 1502.684 1154.043 76.8 74.6,79.1
AUC(0-inf) s
] 229 : 5.8, B1.
(gehr/mL) 9 9 1567.581 1229169 784 75.8,81.1
Cmax 9 9 145.797 130.752 89.7 75.7. 1062
(ng/mL)
CLr
3 33
(L/hr) 9 9 11.390 11.061 97.1 91.3,103.3
M-I
AUC(0-72) 9 9 10.349 9.206 89.0 825,959
AUC(0-tlge) 9 9 9427 8385 89.0 825,959
AUC(0-1nf) 7 7 19.164 17.479 91.2 86.0, 96.8
Cmax 9 9 0.347 0348 100.5 885, 1140
M-II
AUC(0-72) 9 9 58.125 41.225 709 669, 752
AUC(0-tlqc) 9 9 56.570 40.111 709 66.2,76.0
AUC(0-1nf) 9 9 58.778 42 087 716 67.2,76.3
Cmax 9 9 5.402 4427 319 73.8,91.0

Day 1: without voglibose, Day 11: with voglibose

Source: Table 14.n, Table 14.0, Table 14 p, Table 14.q.

(a) The ratio and CI values presented in the source data have been converted to percentages for presentation in this
CSR.

2.4 |Isnodoseadjustment for patientswith mild renal impairment acceptable?

Based on findings from the PK study in the original submission, the sponsor proposed a dose
adjustment for patients with moderate renal impairment to 12.5 mg, and those with severe renal
impairment and end stage renal disease (ESRD) requiring dialysis to 6.25 mg because alogliptin
AUC.increased by 108%, 219%, and 281%, respectively, compared to that of healthy subjects.
The sponsor did not propose a dose adjustment for patients with mild renal impairment though
mean AUCy, in the group was increased by 69% (Table 7). The Agency recommended a dose
adjustment to 12.5 mg for this sub-group and also requested further sub-group analysis for
adverse event (AE) comparability.

In this resubmission, the sponsor indicates that AUC increase of 69% for patients with mild renal
impairment is driven by one subject and AUCs of the remaining 5 subjects are comparable those
of normal subjects. In addition, the sponsor concludes that the incidence of AEs by the baseline
and endpoint renal status are similar between subjects with mild renal impairment and those with
normal renal function, both receiving 25 mg dose. Therefore, they propose that no dose
adjustment is needed in mild renal impaired patients.

Page 13 of 42
Reference ID: 3073062



Reviewer’'s Comment: The sponsor’s justifications are acceptable. Mean AUC is 3124.7
ng/ml*min (n=5) for subjects with mild renal impairment without the subject with the higher
AUC value and is 3012.1 ng/ml*hr (n=6) for the matching control group. The above values
indicate that inclusion of one subject results in the observed higher mean value for the mild renal
impairment sub-group. The relationship between creatinine clearance and AUC or Cmax
supports the sponsor’s justifications as well (Figure 8). Furthermore, the safety analysis on the
incidence by the baseline and endpoint renal status supports that patients with mild renal
impairment appear not to be a sub-group at risk for higher AEs (Table 8 and 9). The renal
function biomarker in the PK study was based on Cockcroft-Gault (CG) formula and those in the
AE analysis are based on both CG and MDRD (Modification of Diet in Renal Disease) formulas.
The sponsor indicates that the majority of subjects for alogliptin 25 mg group and all
comparators group had the normal renal function by the CG formula, while the majority was
classified as mild renal impairment based on MDRD formula. The above difference between
estimated glomerular filtration (eGFR) methods may not be a confounding factor for the AE
analysis because similarity conclusion on the AE incidences is comparable between eGFR

methods.
Table?7 Alogliptin pharmacokinetic parametersfor patientswith mild renal impairment and
statistical analysis compared to those of healthy subjects
Arithmetic Mean Geometric Ratio (T/R) =100 ()
(2 CV) Least Squares Means 90% CT (%) (c)

Parameter Mild Healthy Mild Healthy Impairment Group Difference
(unirs) N=6 N=6 N=6 N=6 (P-Value) (d)
AUC{0- tlge) 5554.08 3198.66 534865 315646 169.451 (134 497, 213 488)
(ng-he/ml ) (37) (11) 0.002
AUC{0-1nf) 5738.80 3261.24 3506.56 321692 171.175 (134 835, 217.310)
(ng-he/ml ) (39) (10} 0.003
Cmax 327.50 285.83 31334 278.22 112.622 (82.60, 153.353)
(ng/ml) (26) (29) 0.500
Tmax (hr) 1.667 1.475 1.25(a) 0.68 (a) na

(75) (120) 0368 (e)
CL/F(L/hr) 9.53 1548 na n'a n'a

@7 (11)
Vz/F(L) 54041 624.15 na n'a na

27 (18)
T1/2(hr) 40.41 27.89 na n'a n'a

(12) (14)
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Table8 AEs by Endpoint Renal Function (Cockcroft-Gault) and Preferred Term (Controlled Phase

2 and 3 Study Group)
Number (%) of Subjects
All Comparators (a) Alogliptin 25 mg All Alogliptin (b)
N=1034 N=3500 N=5132
Normal Mild Moderate Severe | Normal Mild Moderate Severe | Normal Mild Moderate Severe
Preferred Term N=I470 N=931  N=304 N=19 | N=1831 N=10T0 N=355 N=1§8 | N=1915 N=1588 N=449 N=30
Common AEs (=3% of Subjects Overall in Any Presented Grouping)
Subjects with at Least 1 AE 850 330 184 11 1148 629 195 21 1844 955 260 23
(37.8) (37.8) (60.5) (57.9) (62.7) (38.8) (54.9) (75.00 (63.0) (60.1) (57.9) (76.7)
Headache 66(43) 32034 3(1.68) 0 245 #2039 1204 0 125(43) T1(45 18(400 0
Nasopharyngitis (c) 56(3.8) 200300 11(3.6) 1(33) 8346 34332 9(25) 1(36)| 140(48) 33(33) 11(24) 1(3.3)
Urinary tract infection (c) 3337 BEN 148 1(33) 3932 4441) 24(68) 1(36)| 9934 73547 35(78) 1(3.3)
Upper respiratory tract 43029 2425 3010y 0 83 (48 28(28) 6(1.7) 0 13044 42026 8(18) 0
infection (¢}
Hypertension 40027 32034 1239 0 56(3.1)  37(3.5) 8(23) 0 96(3.3) 5132 1032y 1(3.3)
Diarrhea 6.8 3638 11636 0 563.1) 2927 (14 1(36)| 8128 473300 6(1.3) 1(3.3)
AEs of Interest (=1% of Subjects Overall in Alogliptin 25 mg Grouping)
Rash 16 (1.1) 90.9) 1(0.3) 0 2016 14(1.3) 3(08) 0 40014y  20(1.3) (1.1 [1]
Pruritus 3(02) 6(0.6) 3010y 0 24013 140413 5(14) 0 By 1902 6(1.3) 0
Edema peripheral 46(3.1) 12013 3(1.6) 0 5731y 24Q22) (14 2.0 8629 3522 6(1.3) 2(6.7)
Influenza 41028 2526 5(1.6) 0 49027 3129 3(08) 0 T6(26) 41(2.6) 4(0.9) L]
Bronchitis 23(1T) 26027 1(0.3) 0 40022 16(1.5) 9(235) 0 6823 2405 124 L]
Pharyngitis 18(1.) 12(1.3) 1(0.3) 0 30016 1000.9) 3(0.8) 0 47(1.6)  20(1.3) 4(0.9) ]
Smusitis (14 100D 3010y 0 33(1.8) 5(0.5) 1(03) 0 4907 6(0.4) 3007 ]
Gastroenteritis 12(0.8) 8(0.8) 4(1.3) 0 190100 10(0.9) (14 0 28(1L.0y 16010} 6(1.3) 0

Source: [AS Table 8.4.2.1Ra, IAS Table 84.92Ra, and IAS Table 8.4.29Fa.

(a) The All Comparators Grouping combines placebo and active comparator groups. which are not shown in the table.

(b) The All Alogliptin Grouping combines 25 mg with the 625, 12.5, 50, and 100 mg groups, which are not shown in the table.

{c) Nasopharyngitis, urinary tract infection, and upper respiratory tract infection were AEs of interest reported by =1% of subjects in the Aloghptin 25 mg Grouping, which are not
repeated below.

Note: sample sizes may be smaller due to a lack of post-randomization data for subjects in the ongoing Study 402.
Table9 AEs by Endpoint Renal Function (MDRD) and Preferred Term (Controlled Phase2 and 3
Study Group)
Number (%) of Subjects
All Comparators (a) Alogliptin 15 mg All Alogliptin (b)
N=1034 N=3500 N=5132
Normal Mild  Moderate Severe | Normal  Mild  Moderate Severe | Normal Mild  Moderate Severe
Preferred Term N=473 N=1775  N=467 N=31 | N=539 N=I1110 [N=509 N=17 | N=854 N=3I1TD N=830 N=19
Commen AEs (>3% of Subjects Overall in Any Presented Grouping)
Subjects with at Least 1 AE 255 1048 270 2(710)| 337 1301 333 ] 533 2024 501 24
(339 (5900 (5378 (62.3) 614 (556 (81.5) @4 (619 (597D (82.8)
Headache 2349 67(3.8) 13(2%) 0 33(6.1y 8T 1627 0 46(5.4) 139(43) 29(33) 0
Nasopharyngitis (c) 430 669 1328 16| 24@s5 s6@n 1830 167 37@3) 1403 2732 1064
Urinary tract infection (c) 17(3.6) 7039 15331 39T 13(24) B83(42) 2745 0 2733 1374  46(335) 0
Upper respiratory tract 15(3.3) 47(Q2.6) 8(LT) 0 34(63) 7435 1423 0 4735 16335 1720 0
infection (c}
Hypertension 8(1.T M0 2145 132D 16030 7033 14023 137 2730 1033 20024 2069
Diarthea 153 734D 14030 132 4Qe 602 8(1.3) 204 2327 9%Q9 14dAD 269
AEs of Interest (=1% of Subjects Overall in Alogliptin 25 mg Grouping)
Rash J(0ey 22(12) 1(0.2) 0 91T 31(L5) 6(1.0) [ 13(15) 44043 8(1.0) 0
Pruritus 0 9(0.5) 3(06) 0 3(0.6) 3416 6(1.0) 0 6(0.7) 45014 8010 0
Edema peripheral 1225 4023 1124 0 13024 398 1423 1004 1821) 82Q3 213D 2069
Influenza 16(34) 4224 13(28) 0 15028 3325 1525 0 428 TEQR4H 19023 0
Bronchitis 6(1.3) 41(23) S(LD) 0 5009 50(24) 10(LT) 0 13015 7423 16019 0
Pharyngitis 8(1.m 22(12) 1(0.2) 0 10018y 31{1.3) 2{0.3) 0 15(1.8) 51Q.8 5(0.6) 0
Sinusitis 100 25014 8 (LT 0 10019 252 4{0.7) 0 1274 400D 6(0.7) 0
Gastroenteritis 4(0.8) 13(0.8) (LD 0 6(1.1) 22(1.0) 6(1.0) 0 91 31200 9(1.1) 0

Source: IAS Table 8.4.2 1Ra, IAS Table 84.92Ra, and [AS Table 842 8Ra.

(a) The All Comparaters Grouping combines placebo and active comparator groups, which are not shown in the table.

(1) The All Alogliptin Grouping combines 23 mg with the 6.23, 12.5, 50, and 100 mg groups, which are not shown in the table.

() Nasopharymgitis, urinary fract infection, and upper respiratory tract infection were AEs of interest reported by =1% of subjects in the Alogliptin 25 mg Grouping, which are not
repeated below.

Note: sample sizes may be smaller due to a lack of post-randomization data for subjects in the ongoing Study 402.

6 Page(s) has been Withheld in Full as duplicate copy of the
6.26.09 CR letter immediately following this page
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3.2 Supplemental figures and tables

Table 10 Investigational products (Study SYR-322-103)
Study Drug Lot No. Expiration/Retest Date
Alogliptin 25 mg tablets (phase 3 7F079 30 November 2008
tablets)
Alogliptin for preparation of a sterile 0319081 | 13 May 2008
solution for IV administration
Screened
N=90
Failed Screening Randomized
n=69 (a) n=21

I

Treatment Sequence I (AB)

Treatment Sequence II (BA)

n=11 n=10
Discontinued Completed Discontinued Completed
n=1 (b) n=10 n=0 n=10

Sources: Tables 15.1.1.1 and 15.1.3.1.
Treatment A=25 mg of alogliptin administered orally in tablet form (test treatment), Treatment B=12.5 mg of
alogliptin administered as a 30-minute IV infusion at a constant flow rate (reference treatment).

(a) Reasons for screen failure were failure to meet entrance criteria (51 subjects), voluntary withdrawal

(14 subjects), and “other” (4 subjects).

(b) Reason for discontinuation was abnormal cardiac telemetry prior to IV dosing.

Figure 9 Disposition of subjects (Study SYR-322-103)
Table 11 Summary of Demographic and Other Baseline Characteristics of Randomized Subjects
(Study SYR-322-103)
Treatment sequence (a) .
Characteristic Sequence 1: AB Sequence 2: BA (;‘I:;alu
N=11 N=10
Gender, n (%)
Male 2(18.2) 5 (50.0) 7(33.3)
Female 9 (81.8) 5 (50.0) 14 (66.7)
Mean age (SD), yr 32.3(10.74) 33.9(10.77) 33.0(10.52)
Race, n (%)
White 7 (63.6) 7 (70.0) 14 (58.3)
Black or African 3(27.3) 3 (30.0) 6 (25.0)
American
Asian 1(9.1) 0 1(4.2)
Ethnicity, n (%)
Hispanic or latino 5(45.5) 4 (40.0) 9 (42.9)
Not Hispanic or Latino 6 (54.5) 6 (60.0) 12 (57.1)
Mean weight (SD), kg 67.28 (11.808) 74.77 (14.663) 70.85 (13.460)
Mean height (SD). cm 164.1 (7.19) 168.1 (8.25) 166.0 (7.79)

Mean BMI (SD). kg/m2

24.99 (3.891)

26.30 (3.667)

25.61 (3.751)

Reference ID: 3073062
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Table 12

Alogliptin phar macokinetic parameter s (Study SY R-322-103)

Parameter (unit)

Arithmetic Mean (% CV)

Treatment A:
Alogliptin 25 mg Oral

Treatment B:
Alogliptin 125 mg IV

Plasma

Dose-adjusted

AUC(0-inf) ([ng[hr/mL]/mg)
AUC(0-tlqc) ([ng[Thr/mL]/mg)

AUC(0-24) ([nglhr/mL]/mg)
Cmax ([ng/mL]/mg)

73.49 (15.778)
69.96 (15.659)
53.46 (16.868)

5.94 (27.903)

73.02 (16.364)
68.47 (16.258)
52.46 (15.047)
13.88 (21.484)

Unadjusted

AUC(0-tlgc) (nghr/mL)
AUC(0-inf) (ng[ Thr/mL)
AUC(0-24) (ng[Thr/mL)

1749.04 (15.659)
1837.21 (15.778)
1336.51 (16.868)

855.82 (16.258)
912.74 (16.364)
655.80 (15.047)

Ae(0-72) (mg)
Fe(0-24) (%)
Fe(0-72) (%)
CLr(0-24) (L/hr)

15.33 (13.775)
48.15 (16.493)
61.31(13.775)

9.24 (23.933)

Cmax (ng/mL) 148.51 (27.903) 173.47 (21.484)

Tmax (hr) (a) 2.00 (0.500, 6.000) 0.56 (0.500, 0.683)

Az (1/hr) 0.04 (11.141) 0.03 (26.140)

T1/2 (hr) 19.61 (11.431) 20.86 (20.120)

CL/F (L/hr) 13.93 ]

CL (L/hr) - 14.04 (15.525)

Vz/F (L) 392.79 (18.008) -

Vz (L) - 416.71 (20.824)
Urine

Ae(0-24) (mg) 12.04 (16.493) 6.53 (12.162)

8.05 (12.582)
52.24 (12.162)
64.36 (12.582)
10.17 (19.233)

CLr(0-72) (L/hr)

9.00 (22.812)

9.56 (19.300)

Reference ID: 3073062
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Table 13 Investigational products (Study SYR-322-101)

Study Drug Lot No. Expiration/Retest Date
Alogliptin 25 mg 76419021 31-Oct-2007
Alogliptin 12.5 mg | Z6418021 31-Oct-2007

Screened
N=01
Failed Screening Randomized
n=63 (a) n=28
[
I [
Treatment Sequence (AB) Treatment Sequence (BA)
n=14 n=14
Discontinued Completed Discontinued Completed
n=1 (b) n=13 n=3 (¢) n=11

Source: Tables 15.1.1.1 and 15.1.3.1.

Treatment A=alogliptin 25 mg QD=reference treatment. Treatment B=alogliptin 12.5 mg BID=test treatment.
(a) Reasons for screen failure were failure to meet entrance criteria (42 subjects), “other™ (11 subjects), and
voluntary withdrawal (10 subjects).

(b) Reason for discontinuation was adverse event (1 subject).

(c) Reasons for discontinuation were voluntary withdrawal (1 subject) and “other” (2 subjects).

Figure 10 disposition of subjects (Study SYR-322-101)
Table 14 summary of demographic characteristics of subjects (Study SYR-322-101)
Treatment Sequence (a)
Characteristic AB BA Overall
n=14 n=14 N=28
Gender. n (%)
Male 11(39.3) 9 (32.1) 20 (71.4)
Female 3(10.7) 5(17.9) 8 (28.6)
Mean age (SD). yr 32.9 (7.64) 30.4 (10.07) 31.7 (8.87)
Race, n (%) (b)
Black 10 (35.7) 10 (35.7) 20 (71.4)
White 4(143) 4(14.3) 8 (28.6)
Multiracial 1(3.6) 1(3.6) 2(7.1)
American Indian or Alaska Native 1(3.6) 0(0.0) 1(3.6)
Elaat:dee:{awauan or Other Pacific 0(0.0) 1(3.6) 1(3.6)
Mean weight (SD), kg 81.54 (14.538) 79.84 (10.755) 80.69 (12.578)
Mean height (SD). cm 173.8 (9.34) 171.9 (8.35) 172.9 (8.75)
Mean BMI (SD), kg/m’ 27.00 (4.423) 27.04 (3.558) 27.02 (3.939)

Source: Table 15.1.2.2.

(a) Treatment A=alogliptin 25 mg QD=reference treatment. Treatment B=alogliptin 12.5 mg BID=test treatment.
(b) If a subject’s CRF indicated more than 1 race, that subject was summarized for each race that was indicated and
for multiracial.
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Table 15 Steady-state assessment of predose concentrations of alogliptin (Study SYR-322-101)

Analyte Assessment of Steady State (P-value)
Study Day n LS Mean {(ng/mL) Dav Effect vs Day 6 vs Dav 7
Alogliptin 25 mg QD
5 25 2235 <0.001 <0.001 <0.001
6 25 2516 — — 0976
7 25 2514 — — _
Alogliptin 12.5 BID
5 25 37.30 0.033 0.012 0488
6 25 39.10 — — 0.065
7 24 37.78 — — —
Source: Table 15.2.1.3.
—=not applicable.
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Table 16 Investigational Product (Study SYR-322/CPH-004)
Investigational Dosage | Dose Appearance Lot No.
medicinal product form
SYR-322 25-mg Tablet One tablet contained 25 | Yellow film-coated 76410034
tablet mg of SYR-322 as a tablet with a score on
free base. both sides
Voglibose 0.2-mg Tablet One tablet contained White to yellowish Z548V132
tablet 0.2 mg voglibose white plain tablets with
score
Screened
n=31
Enrolled Not enrolled n=18
n=13 Reasons:
Did not meet entrance criteria (12)
Sample size sufficient (6)
Received study drug Not received study drug  n=3
n=10 Reasons:
For replacement (2)
Other (1)
Completed Withdrawn
n=10 n=0
Figure 11 Disposition of subjects (Study SYR-322/CPH-004)
Table 17 Alogliptin pharmacokinetic parameters following 25 mg without or with voglibose (Study
SYR-322/CPH-004))
Summary Statistics
Variable Day 1 (without voglibose) Day 11 (with voglibose)

N Mean (SD) N Mean (SD)

AUC(0-72) (ngehr/mL) 9 1512.24 (181.547) 9 1162.28 (149.919)
AUC(0-tlqe) (ngehr/mL) 9 1512.24 (181.547) 9 1162.28 (149.919)
MRT(0-tlqc) (hr) 9 14.949 (1.2787) 9 15.760 (1.8611)
Cmax (ng/mL) 9 156.33 (67.524) 9 134.22 (29.857)
Tmax (hr) 9 1.000 (0.75. 3.00)* 9 0.750 (0.75. 3.00)*
AUC(0-inf) (ngehr/mL) 9 1577.72 (191.297) 9 1240.13 (177.524)
2z (') 9 0.0422 (0.00628) 9 0.0362 (0.00614)
T1/2 (hr) 9 16.7382 (2.25144) 9 19.7240 (3.37068)
CL/F (L/hr) 9 16.06 (1.900) 9 20.52 (2.820)
MRT (hr) 9 18.327 (2.1336) 9 20.951 (3.9596)

* Median (minimum, maximum)

Reference ID: 3073062
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Table 18
M-I

Phar macokinetic parametersfor metabolites (Study SY R-322/CPH-004)

Summary Statistics

Variable

Day 1 (without voglibose)

Day 11 (with voglibose)

N Mean (SD) N Mean (SD)

AUC(0-72) (ngehr/mL) 9 12.22 (6.213) 9 10.40 (4.485)
AUC(0-tlge) (ngehr/mL) 9 11.96 (6.642) 9 10.13 (4.953)
MRT(0-tlqe) (hr) 9 22.760 (6.6041) 9 23.871 (6.9461)
Cmax (ng/mL) 9 0.44 (0.270) 9 0.43 (0.250)
Tmax (hr) 9 1.250 (0.75. 2.50)%* 9 1.000 (0.75, 2.50)**
AUC(0-inf)* (ngehr/mL) 7 19.39 (3.145) 7 17.56 (1.823)
nz* (h_l"l) 7 0.0233 (0.00690) 7 0.0201 (0.00515)
T1/2% (hr) 7 32.4203 (11.85075) 7 36.2544 (10.39184)
MRT* (hr) 7 50.834 (20.0175) 7 57.477 (16.7432)

* It was not possible to estimate the eliminaftion rate constant in 2 subjects.

## Median (minimum, maximum)

M-I1

Summary Statistics

Variable

Day 1 (without voglibose)

Day 11 (with voglibose)

N Mean (SD) N Mean (SD)
AUC(0-72) (ngehr/mL) 9 63.18 (30.212) 9 44.48 (19.203)
AUC(0-tlge) (ngehr/mL) 9 61.98 (30.761) 9 43.54 (19.552)
MRT(0-tlqc) (hr) 9 10.812 (2.3406) 9 11.082 (2.2485)
Cmax (ng/mL) 9 5.83 (2.519) Y 4.87 (2.374)
Tmax (hr) 9 2.000 (0.75. 4.00)* 9 1.500 (0.75, 4.00)*
AUC(0-inf) (ngehr/mL) 9 64.23 (31.774) 9 45.43 (19.688)
z (hr'l) 9 0.0697 (0.02291) g 0.0593 (0.01752)
T1/2 (hr) 9 11.1896 (4.46613) g 12.8718 (4.89735)
MRT (hr) 9 12.876 (3.0913) g 13.947 (3.3681)

* Median (minimum, maximum)

Reference ID: 3073062
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Figure13 cumulative urinary excretion ratio of alogliptin (Study SY R-322/CPH-004))
Table 19 Cumulative urinary excretion ratio up to 72 hoursfor alogliptin and its metabolites (Study

SYR-322/CPH-004))

Variable / Visit

Summary Statistics

N Mean (SD)
SYR-322Z Day 1: 0 to 72 hr 10 72.261 (5.8869)
(% of Dose) Day 11: 0 to 72 Ir 10 54.830 (4.2277
M-I Day 1: 0 fo 72 hr 10 0.528 (0.2956)
(% of Dose) Day 11: 0 to 72 hr 10 0.420 (0.2293)
M-II Day 1: O to 72 hr 10 3.308 (1.0394)
(% of Dose) Day 11: 0 to 72 hr 10 2.285 (0.9142)
Total Day 1: 0 fo 72 hr 10 76.098 (5.9491)
(% of Dose) Day 11: 0 to 72 hr 10 57.537 (4.5255)

Day 1: without voglibose. Day 11: with voglibose

Table 20
Variable / Visit

CLr
(L/hr)

Renal clearance of alogliptin (Study SY R-322/CPH-004)
Summary Statistics
N Mean (SD)
Day 1 9 11.52 (1.818)
Day 11 11.22 (2.046)

Day 1: without voglibose, Day 11: with voglibose

Reference ID: 3073062
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3.3 Individual study synopsis

3.3.1  Study SYR-322-103

SYR-31221
Study No. SYR-322_103 Page 4 of 1339
Clinical Study Report 11 December 2003

2.0 SYNOPSIS

Title of Study:
An Open-Label, Randemized, Single-Dose, 2-Period Crossover Study to Evaluate the Absclute Bioavailability of
Alogliptin in Healthy Adult Subjects

Name of Sponsor:
Takeda Global Research & Development Center, Inc.

Name of Finished Product:

Aloghptin
Investigator: Study Center:
Thomas Hunt, MD PPD Development

7351 Metro Center Drive, Suite 200
Anstin, TX 78744

Publications Based on the Study:

None

Study Period: Phase of Development:
09 April 2008 to 16 May 2008 Phase 1

OBJECTIVES

The objectives of this study were to determine the bicavadlability, safety. and tolerability of a tablet formulation of
alogliptin after a 12.5 mg intravencus (IV) dose and a 23 mg oral dose in healthy adult subjects.

METHODS

This was a phase 1, single-center, open-label, randonmzed, 2-sequence. 2-period crossover study to evaluate the
absolute broavailability of alogliptin in healthy adult subjects. Subjects were assigned randomly to 1 of 2 treatment
sequences and received a single dose of alogliptin 25 mg adnunistered crally (Treatment A [test treatment]) and a
single dose of alogliptin 125 mg administered IV (Treatment B [reference treatment]). The 2 treatments were
separated by a 7-day washout wnterval that began immediately after dosing on Day 1. Blood and wine samples for
pharmacokinetic analyses were collected at designated time points during the study.

Study Schematic:

Pretreatment Period Treatment Period (a)
Study
Sereening Check-in Period 1 Period 2 ExitET
Days -I1 to Day -1 Day 1 Days 2to 7 Day § Days 9 to 10 Dayv 11
- Dasing Dosing
Sequence I A Washeout (a) E Washout (z)
Sequence II B A
£ Confinement

(a) Washout began immediately after dosing.
Traatment A=23 mg of alogliptin administered orally in tablet form (test treatment), Treatment B=12.5 mg of aloghptin
administered as a 30-mumate IV mfnsion at a constant flow rate (reference treatment), ET=early termunation

Number of Subjects (Planned and Analyzed):

Planned: 24 subjects.

Analyzed: Pharmacokinetics—21 sulbyjects; Safety—21 subjects,

Main Criteria for Inclusion:

Sulbjects must have been healthy men or nonpregnant, nonlactating women, aged 18 to 33 years, inclusive; weighed
at least 30 kg (110 1) had a screening body mass index between 18 and 32 kg/m, inclusive; been willing to sign
the informed consent form: and had no known hypersensitivity to alogliptin or related compounds.

CONFIDENTIAL
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SYR-322

Study No. SYR-312_103 Page 5 of 1339
Clinical Study Report 11 December 2008
Title of Study:

An Open-Label, Randonuzed, Single-Dose, 2-Period Crossover Study to Evaluate the Absolute Bioavatlability of
Alogliptin in Healthy Adult Subjects

Test Product, Dose and Mode of Administration, Lot Number:

Drug Daose Form Route Lot Number
Alogliptin 25 mg Tablet Ogal TEO79
Reference Therapy, Dose and Mode of Administration, Lot Number:

Drug Dase Form Eoute Lot Number
Alogliptin 125 mg Bulk diug IV 0319081

Duration of Treatment:
The duration of the study was 12 days, including Check-in (Day -1).

Criteria for Evaluation:

Pharmacokinetics:

The following pharmacokinetic parameters were derived using noncompartmental methods for each subject from
plasma concentration data of alogliptin: ares under the plasma concentration-time curve (AUC) from time 0 to time
24 howrs after the start of dosing (AUC[0-24]); AUC from time 0 to time of last quantifiable concentration
(ATC[0-tlge]); AUC from time 0 extrapelated to infinity (AUC[0-i0f]): maxinmm observed plasma concentration
(Cmax); total clearance after IV administration (CL); apparent clearance after oral administration (CLF); terminal
elimination rate constant (1.z); terminal elimination half-life (T1/2); time to reach Cmax (Tmax): velume of
distribution during the terminal phase after IV administration (Vz); and apparent volume of distribufion during the
terminal phase after oral admindstration (Vz/F).

The following pharmacokinetic parameters were derived using noncompartmental methods for each subject from
urine concentration data of alegliptin: total amount of drug excreted in the wrine during the intervals of 0to 2, 2 to
4. 4t024 241048 48 to 72, O to 24, and 0 to 72 hours after the start of dosing; fraction of drug excreted m wrine
from time O to 24 hows after the start of dosing (Fe[0-24]); fraction of drug excreted in wine from time 0 to

72 hours after the start of dosing (Fe[0-72]); renal clearance from time 0 to 24 hours after the start of dosing
(CLt[0-24]); renal clearance from time 0 to 72 hours after the start of dosing (CL0-72]); and winary excretion rate

during the collection mntervals of 0 to 2, 20 4, 4 to 24, 24 0 48, and 48 to 72 howrs after the start of dosing.
Safety:

Safety variables were adverse events, clinical laboratoty test results, vital sign measusements, 12-lead
electrocardiogram (ECG) results, physical examination findings. and cardiac telemetry and tolerance assessments
during the IV treatment period.

Statistical Methods:

Pharmacokinetic Analysis:

An analysis of variance (ANOVA) was performed on the natural logarithmic-transformed dose-adjusted values of
AUC{0-24), ATTC(0-tlge), AUC{0-inf), and Cmax with sequence, pertod, and treatment as fixed effects and subject
nested within sequence as a random effect. The Wilcoxon signed rank fest was performed on unadjusted Tmax.
Witlun the framework of the ANOVA model for dose-adjusted natural logarithms of AUC{0-24), AUC{D-tlge).
AUC{0-inf), and Cmax. the ratics of the least squares (LS) mean of the test treatment (Treatment A oral aloglipting
to the LS mean of the reference treatment (Treatment B, IV alogliptin) and the 90% confidence interval (CT) for
each ratio were provided. The ratios were cbtained by taking the antilogarithm of the difference between the LS
means on the natural logarthmic scale, and the 90% Cls were obtained by takung the antilogarithm of the 90% CIs
for the difference between the LS means on the natural logarithmic scale.

CONFIDENTIAL
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SYR-322

Study No. SYR-322_103 Page 6 of 1330
Clinical Study Report 11 December 2008
Title of Study:

An Open-Label, Randonuzed. Single-Dose, 2-Peniod Crossover Study to Evaluate the Absclute Bioavailability of
Alogliptin in Healthy Adult Subjects

Safety Analysis:

Safety variables are presented in the data listings: adverse events and vital sign measurements were summarized
with descriptive statistics. Out-of-range laboratory test results and vital sign measurements that met the predefined
eriteria for very low or very high valves were flagged and summarized.

SUMMARY OF RESULTS

Subject Disposition:

Twenty-cne subjects (7 men and 14 women) with a mean age of 33.0 years were enrolled in the study, 20 subjects
completed the study, and 1 subject was discontinued prior to IV dosing.

Pharmacokinetic Results:

LS Mean
Treatment A: Treatment B:
Alogliptin 25 mg Oral Alogliptin 12.5 mg IV
(T) R) Ratio (T/R}-100
Doze-Adjusted Parameter (unit) n=211 n=20 (90% CT) (a)
AUC(0-mf) ([ng-hr'mL)/mz) (b) 72.57 71.33 101.74 (89.01, 104.56)
AUC(0-tlge) ([ng-hr'mL]/img) 69.10 6689 102,31 (10038, 106.31)
AUC(0-24) ([nz-hr/ml ) /mg) 52.49 5145 102.42 (98.72, 106.26)
Cmax ([ng/ml]/mg) 574 13.54 4238 (38.35 4679)
Tmax (hr) (e} 2.250 0.558 —

T=test freatment, K=reference traatment, — =not applicable.

(2) Ratios and CIs are prezented as peicentages.

{b) AUC{D-inf) is used as absolute broavailability.

() Tmax is presented as madian, not adjusted for dosze; P=0 001 using Wilcoxeon signed rank test with matched subjects who
recelved both treatments (m=20).

The dose-adjusted AUC(0-1nf) of alogliptin was stmilar following admimstration of a 25 mg eral dose and a
12.5 mg IV dose infused over 30 minutes. The absolute broavailability of orally adminsstered alogliptin was
approximately 102% (AUC[0-inf]). with a 90% CT between 99% and 105%.

bledian Tmax was approximately 1.7 howrs longer when alegliptin was adnunistered orally versus as an IV

nfusion.

Safety Results:

Orverall, 3 of 21 subyjects (14 .3%) experienced at least 1 treatment-emergent adverse event during the study,
Headache was the only adverse event experienced by more than 1 subject. Headache was reported by 2 subjects
during treatment with IV alogliptin and by 1 subject during treatment with oral alogliptin,

One subject (Subyect 0297 experienced headache during both treatment periods; these events were considered by the
mvestigator to be possibly related to study drog. No other adverse events were considered to be possibly related to
study drug, and none were considered to be probably or definitely related to study drg.

All adverse events were considerad by the investigator to be mild in intensity.

Mo deaths, other serious adverse events, or other significant adverse events occurred, and no subject discontinued
study ding due to an adverse event.

Mo setum chenustry or hematology test result; vital sign measurement: ECG result; or physical exanination finding
was reported as an adverse event. No clinically significant abnormalities in cardiac telemetry results, clinically
significant changes in condition, or abnormal findings of local tolerance assessments were reported.

CONFIDENTIAL
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SYR-311

Study No. SYR-312_103 Page 7 of 1330
Clinical Study Report 11 December 2008
Title of Study:

An Open-Label, Randomized. Single-Dose, 2-Period Crossover Study to Evaluate the Absclute Bioavailability of
Alogliptin in Healthy Adult Subjects

CONCLUSIONS:

¢ The dose-adjusted ATUC(0-1nf) of alogliptin was similar following admimstration of a 23 mg oral dose and a
12.5 mg IV dose infused over 30 minutes. The absclute bioavailability of crally adnunsstered alogliptin was
approximately 102% (AUC[O-inf]), with a 90% CI between 99% and 105%.

¢  Alogliptin 25 mg adnunistered orally in tablet form and alogliptin 12.5 mg adnunistered as an [V infision were
well tolerated as administered in this study.

Date of Report:
11 December 2008

CONFIDENTIAL

Page 33 of 42
Reference ID: 3073062



Schedule of Assessment

Pretreatment Period Treatment Period

ET/
Screening| Check-in Period 1 Period2 | Study Exit
Study Procedure (a)

Days -21to -2 -1 1123 |4 |56|7|8)|9]|10 11

3

Informed consent

[nclusion/exclusion

Medical history/concurrent medica
Conditions/demographics

Physical examination

Vital sign measurements (b)
Height, weight, and BMI (c)
12-lead ECG

Clinical laboratory tests (d)
Drug and alcohol screens
Serum pregnancy test (e)
HBsAg and HCV screens
Cardiac telemetry ()

IR R

| e ] |

™

IR I R IR - R

TV tolerance assessment (g)
PK blood sample (h.1)

PK urine collection (j,1)

e I e
Hl o ]
w|
1l

=
i e e e
Hl ol ]

=

"

Prior/concomitant medications X
Check restrictions (k)

Pretreatment events/adverse event
moniforing (1)

Study drug administration X X

] e

ET=early termination, BMI=body mass index, ECG=electrocardiogram, HBsAg=hepatitis B surface antigen, HCV=hepatitis C virus antibody,
PK=pharmacokinetic.

(a) For Early Termination, Study Exit procedures were performed as soon as possible after the subject discontinued study participation.

(b) Vital sign measurements were body temperature, blood pressure, respiratory rate, and pulse. Measurements were taken for both treatments at
Screening, at Check-in, within 1.5 hours prior to dose/start of infusion (0 hour), at 2 and 6 hours after the start of dosing on Day 1 and Day 8, at
24 hours after dosing (Day 2 and Day 9), and at Study Exit (Day 11) or Early Termination. In addition, during the IV treatment only, additional
vital sign measurements were taken at approximately 20 and 50 minutes after the start of infusion on Days 1 and 8. (PK samples were collected
before vital signs were taken when the timing of procedures overlapped.

(c) Height for calculation of body mass index was only measured at Screening. Weight was measured at Screening, Check-in (Day -1), and Study
Exit (Day 11) or ET.

(d) Clinical laboratory tests (hematology, serum chemistry, and urinalysis [Screening only]) were performed at Screening, at Check-in (Day -1),
on Day 7, and on Day 11 or at ET.

(e) Serum pregnancy tests were performed (women only) at Screening, Check-in, and Study Exit (Day 11) or ET (if applicable).

(f) During the IV dosing period only, continuous cardiac telemetry was performed between 1 hour prior to and 4 hours after the start of infusion.
(g) During the IV dosing period only, the condition of the infusion site for each subject was monitored for erythema, pruritus, or swelling at the
end of IV infusion and at 2 and 24 hours after the start of infusion. In addition, each subject was observed for clinically significant changes in
condition such as respiratory symptoms, facial flushing, swelling, or indication of a drop in blood pressure at approximately 10 and 30 minutes
after the start of infusion.

(h) For IV administration, blood samples for PK analyses were collected before dosing (within 1 hour prior to dose) and at 0.083 (5 min), 0.167
(10 min), 0.25 (15 min), 0.5 (30 min), 0.583 (35 min), 0.667 (40 min), 0.75 (45 min), 1, 1.5,2,2.5,3,4, 6, 8, 12, 16, 24, 36, 48, and 72 hours
after the start of dosing. For oral administration, blood samples for PK analyses were collected before dosing (within 1 hour prior to dose) and at
0.25 (15 min), 0.5 (30 min), 1, 1.5,2, 2.5, 3,4, 6, 8, 12, 16, 24, 36, 48, and 72 hours after dosing. The PK samples were collected before any
other assessments were performed, if scheduled at the same time point.

(i) Not performed for Early Termination.

(j) All voided urine for PK analyses was collected before dosing (-12 to 0 hour) and after the start of dosing over the following intervals: 0 to 2, 2
to 4, 4 to 24, 24 to 48, and 48 to 72 hours.

(k) Subject compliance with restrictions on medications, nutraceuticals, multivitamins, and products containing alcohol, caffeine or xanthine-
related compounds, grapefruit juice, or Seville-type oranges was monitored.

(1) Pretreatment events were monitored from the time the subject signed the informed consent through the time of the first dose. Adverse events
were monitored from the time of first dose through the end of the study. A follow-up telephone call was made at 14 days following the last dose
of study drug for collection of any adverse events since Study Exit. Spontaneously reported adverse events or serious adverse events were
collected up to 14 days or 30 days, respectively, after the last dose of study drug.
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332  Study SYR-322-101

SYR-311
Study No. SYR-322_101 Page 4 of 1450
Clinical Study Eeport 07 February 2008

2.0 SYNOPSIS

Title of Study:
An Open-Label, Multple-Diose, Fandomized, Crossover Study to Determine the Pharmacokinetics and
Pharmacodimamics of STE-322 Twice Daily Versus Once-Daily Dosing in Healthy Male and Femazla Subjects

Name of Sponsor:
Takeda Glokal Research & Development Center, Inc.
Name of Finished Product:

Alogliptin
Investizator: Study Center:
Sandra Connolly, MD MD5

1930 Heck Ave. Building 2
Meptune, NI 07753

Publications Based on the Study:

Mone

Study Period: Phase of Development:
27 Apnl 2007 o 09 Tune 2007 Phasze 1

OBJECTIVES

Primary:

The primary objective of this study was to evaluate the pharmacckinetic profile of 12,5 mg twice daily (BID) vs

25 mg once-daily (QD) dosing of alogliptin,

Secondary:

The secondary objective of this study was to assess the pharmacodynamic effect (dipeptidy] peptidasa-4 [DFP-4]
inhibition), safaty, and tolerability of BID vs QD deosing of alogliptin.

METHODS

Thiz was a phase 1, single-center, open-label, randomized, 2-period crossover study to evaluate the multiple-dose
pharmacokinetics and pharmacodynanues of STYF-322 (hereafter referrad to a3 aloglipin) follewing 12.5 mgz BID =
25 mgz QD dosing in healthy male and famals subjects. Subjects were assigned randomly to 1 of 2 sequences (14
subjects per sequence) and received multiple cral dosas of aleghpiin 23 mg QD and mmltiple oral doses of alegliptin
12.5 mg BID (] dose every 12 hours) for 7 davs per reatment peried. A washout interval of 7 davs (beginning
immediately after dosmg en Day 7 of Treatment Period 1) separated the 2 freatment pericds. Blood and wrins
samples for pharmacokinetic and blood samples for pharmacodynamic analyses were collectad at designated time
points during the studwv.
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SYR-312
Study No. SYR-322_101 Page 5 of 1480
Clinical Study Report 07 February 2008

Title of Study:

An Open-Label, Multiple-Dose, Randemized, Crossover Study fo Determine the Fharmacokinetics and
Pharmacodwynamics of 5TR-322 Twice Daily Versus Once-Daily Dosing i Healthy Male and Female Subjects

Study Schematic:

Pretreatment Treatment Period (a)
Screening Eazeline/Checli-in 1 1
Days -28 to -2 Diay -1 Davilta 7 Days § to 14 Days 1o T Day §
Dazing (b) Diosing Study Exit
A
B
=14
(=14 Washout
E
(n=14) A

(a) Samples for phammacokinetc analvses were collacted on Days 1 apd $ oo 7.
(b} Subjects were randomized prior to dosmg on Day 1.

A=zlogliptin 25 mg QD=referance treafment.

E=alogliptin 12.5 mg BID=test treamment.

Number of Subject: (Planned and Analyzed):

Planned: 23 subjects.

Analvzed: Pharmacokmetios—26 subjects; Pharmacodymnamics—25 subjects; Safetvy—28 subjacts.
Diagnosiz and Main Criteria for Inclusion:

To qualify for study participation, subjects must have been healthy men or nonpregnant, nenlactating women, aged
18 to 55 years, melusive; weighed at least 50 kg (110 Ib); had a screening body mass mdex between 18 and

12 kg/w®, inclusive; had been willing to sign the informed consent form; had alanine aminotransferaze and aspartate
aminotransferase levels lass than the upper limit of normal; and had no zetive liver disease or jaundice.

Test Product, Dose and Mode of Administration, Lot Number:

Drug Daoze Form Route Lot Number
Aloghpan 2.5 mg BID Tablet Oral Ze418021
Reference Therapy, Dose and Meode of Administration, Lot Number:

Drug Doze Form Eoute Lot Number
Alegliptin 23 mg QD Tablat Oral Ze419021

Duration of Trearment:
The duration of the study was 23 days, meluding Check-in for Period | (Dav -1).

Criteria for Evaluation:
Pharmacokinetics:

The fellowing pharmacckinetic parameters were derived using noncomparimental methods for sach subject from
plazsma concentration data of alogliptin on Day 7 of each freatment period: area under the plazma concentration-time
curve (AT from time 0 to tme tan (AUC[0-tan]); AUC from tme 0 to 24 hours (ATTC]0-24]); masmanmm
observed plasma concentration (Cmax); mindmum observed plasma concentration (Cmin); time to reach Cmax
(Tmazx); obzerved pradoss (trough) plasma concentration (Ctrough) on Days 5, 6, and 7; percent swing, percent
fluctuation; and averaze plasma concentration during dosing mterval.
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An Open-Label, Muliple-Dose, Fandomized, Crossover Study to Determine the Pharmacokinatics and
Pharmacedynamics of STR-322 Twice Daily Versus Once-Daily Dosing m Healthy Male and Female Subjects

The following pharmacckinetic parameters were derived using noncomparimental methods for sach subject from
urine concenfration data of alogliptin on Day 7 of sach treatment peniod: total ameount of drug excrated n wrine from
time 0 to 24 hours (Aa[0-24]), renal clearance from time 0 to 24 hours (CLr[0-24]), and fraction of diug excrsted m
urine from time  to 24 hours.

Pharmacodynamics:

The phammacodynamic effact of aloghptin was measured by the extent of DPPF-4 inlibition. The following
pharmacodynamic effect parameters were calculated: area under the pharmacodynamic effect curve from time J to
24 howrs CAUEC[0-24]), area under the pharmacodiymamic effect curve from time O to tau, maximom obzerved
phamacedynamic effect (Emax), time to reach Emax (Tmax), observed affect at time 0 for BID and QD desing
regimens (EQ), observed effect at 12 hours pestdese for BID dosing regimen; and observed affect at 24 hours
postdose for BID and QD desing regimens (E24).

Safety:

Safaty varables were physical examination findings, clinieal laboratory test results, adverse events, 12-lead
electrocardiogram (ECGE) findings, and vital sign measurements.

Statiztical Methods:

Pharmacokinetic Analysis:

At Davy 7, to evaluate the effect of 12.5 mg BID vs 25 mgz QD dosing of alogliptin, an analyv=is of variance
(ANOVAY with fixed effacts for sequence, period, treatment, and randem effect for subject nestad within sequence
was performed on natural logarithms of AUC(0-24), As(0-24), Cmax, Coun, and CLr(0-24) of aloghiptin. The
Wilcoxon signed rank test was apphed to Tmax to determine the diffsrence between test and reference freatments.
Within the framework of ANOWVA for the nataral logarithms of AUC0-24), Cmax, Coun, Ae(0-24), and CLo{0-24),
the 902 confidence mntervals (CIs) for the ratio of the least squares (L5) mean of test treatment (BID dosmg
rezimen) ralative to the reference treatment (D dosing regimen) were provided. The 20% Cls on the original scals
ware obtained by taking the anfilog of the 90% Cls for the difference between the LS means on the namral
logarithmie scale. In addrtion, when subjects recerved BID dosing, 90% Cls for the ratios of the LS mean test
treatment (BID PRI} relative to the reference treatment (BID-AM) for ATTC(0-tau)., Cmin, and Cmax wars obtained
to determine the effact of circadian variation on alogliptin exposure.

Assessmant of steady-state alogliptin plasma concentrations was based on the analysis of the natural logarithm of
Ctrough values on Davs 5, 6, and 7. The following model was uzed:
Luofconcentration)=subject{saquence—period—treatment+day-day=treatment-saquence.

Subject nested in sequence was a random effact while all others were fixed effacts. If the intevaction term was not
statistically siznificant at the 10%: level, then it was excluded from the model. Otherwisze, assessment of steady state
was dene for each treatment separately. Within the model, 1f there was a significant day effect, a palrwise t-test was
usad to assess the achievement of steady state by comparng the Ctrough values between study days. In the event
that there was statistical sigmificance regarding steady state, the statistical analysis was uszad mn conjunciion with
scientific judgment in assessing the overall impact of the nonattaimment of steady state on the primary conclusions
of the results of the pharmacokmeatic analysis.
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Title of Study:

An Open-Label, Multiple-Dose, Fandomized, Crossover Study to Determine the Phammacokmeties and
Pharmacodynamics of STR-322 Twice Daily Versus Once-Daily Dosing in Healthy Male and Female Subjacts

Pharmacodynamic Analysiz:

An ANOVA was used for the natural loganthms of AUEC{0-24), EQ, and E24 with sequence, period, and weatment
as fixed affects and subject nested within sequence as a random affact to evaluate the affect of 125 mg BID vs

25 mg QD dosing of aloghiptn on the pharmacodynamic varables,. Within the model, P-values of treatment
difference batween the L5 means were obtained from the contrasts of the ANOVA model using a t-test.

Safety Analysis:

Safety vanables are presented i the data listings; adverse events and vital sign measurements alse were summanrized

with descriptive statistics. Out-of-range laboratory test results and vital sign measurements that met the predefined
cnteria for very low or very high values were flagzed and summarnzed.

SUMMARY OF RESULTS
Subject Dizposition:
Twenty-eizht subjects (20 men and & women) with 2 mean age of 31.7 vears were enrollad in the study, 24 subjects

completed the study, and 4 subjects discontinued. Eeasons for discontimmation included voluntary withdrawal
(1 subject), “cther” (2 subjects), and adverss event (1 subject).

Pharmacokinetic Results:

L5 AMean

% Alogliptin 125 mg N Alogliptin 25 mg Eatio (T/R)-100
Parameter (umits) B EID (T} - QD (K) {00ey CTI) (a)
ATC(0-14) (nz-hr'ml) 24 1378.54 25 1330.21 10294 (97.57, 105.60)
ATCD-12) AM 24 G28.77 24 — D5.E8 (93.39, 2544 (1)
ATTC{12-24 BM 24 §70.01 24 — —_
Cmizx (ng'ml) 24 21.02 25 130.23 G5.38 (59.17, 71.34)
Cmin (ngmL) 24 37.17 25 24.43 152,16 (145,27, 158.3T)
Tmax (hr) (c d) 4 1.98 2 1.98 —

— = pot zpplicable, T=rest reatmens (alogliptin 12.5 mg BIDY), B=reference weztment (alogliptin 25 mg QD).
(a) Batios and CTs are prasented as percentages.

(k) Value shown is the rato of ATC(12-24) PA o ATUC(0-12) AM.

() Madizn values are presented for Tmax

(d) P=0.905.

The 0% CI for the ratic of the LS means of ATTC{0-24) for the 12.5 mg BID deose to 25 mg QD dose was within the
B0% to 125% range. Therafore, totzl exposure from fime O to 24 howrs was similar between the QD and BID dosing
rezimens.

The swing parameter for BID dosing was much lower than for QD dosing. This 15 fo be expected, as QD dosing
tvpically zenerates hizher Coeax and lower Coun values than BID dosing. However, as mentioned m the previous
paragraph, total exposure as measured by AUC(0-24) for alogliptin was similar for the BID and QD rezimens.

The 90% ClIs for the ratios of the LS means for Cmax and Cmin were not within the 80% to 125%: range dus to the
study desizn and desing regimen.

e differancs in the median Tmax values of aloghptin (1.98 hr) was observed when zlogliptin was admimistered as
25 mg QD compared with the AM dosing of 12.5 mg BID.
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Title of Study:

An Open-Label, Mulfiple-Diose, Randonuzed, Crossover Study to Determine the Pharmacokinstics and
Pharmacodynamices of SYR-322 Twice Daily Versus Once-Daily Dosing mn Healthy Mals and Femala Subjects

Pharmacodynamic Resules:

The %0% CIs for the ratios of the LS means were within the 30% to 125% range for AUEC(0-24), EDQ, and E24.
Therefore, the extent of DPP-4 inlubition was similar betereen the QD and BID dosing rezimens.

Pezk mlubition of DFP-4, as measured by Emax, was similar when subjects received the BID regimen (mean
Emax=92 28%) when compared with the QD regimen (mean Emax=04 42%). In addition, inhibition at 24 hours
postdoss, as measwred by E24, wasz 280% during BID dosmg (mean E24=84 74%) and durmg QD dosing (mean
E24=80.30%).

Mo diffevence in the median Tmax values {1.98 hr) for DPP-4 inhibition was cbserved when zlogliptin was
admimstered as 25 mg QD compared with the AM dosing of 12.5 mgz BID.

Safety Rezults:

WNmateen of 28 subjects (£7.9%) experienced at least 1 treatment-emergent adverse event duing Treatment Periods
1 and 2. Treatment-smergent adverse avents wers similar in frequency during dosing with alogliptin 25 mg QD
(13/28 subjects [46.4%]) and dunng dosing with aloglipin 12.5 mg BID {12/28 subjects [42.9%]).

The most commen treatmeni-emergent adverss events reported during the studv were headache (4 of 28 subjects
[14.3%%]); sommeolence, fatizue, pollakiuna, and diarrhea (3 of 28 subjects [10.7%2] each); and upper sbdominal pam,
dyspepsia, and papular rash (2 of 28 subjects [7.1%] sach).

Ten of 28 subjects (35.7%) experienced treatment-emergent adverse events that were considered by the investigator
to be possibly related to study dmg duwing Treatment Periods 1 and 2. Diarrhea (2 subjects), pollakiuria (3 subjects),
dyspepsia (2 subjects), fatigue (2 subjects), and headache (2 subjects) were the only treatment-related adverse events
reported for =1 subject. Eight adverse events that were considered by the investizator to be possibly related to study
treatment occurred m 5 of 28 subjects {17.9%) dunng dosing with aloghptm 25 mz QD. During dosing with
alogliptin 12.5 mgz BID, 11 adverse events that wers considerad by the investigator to be possibly related to study
freatment occurred mn 7 of 238 subjects (23.0%). Mo event was considered by the investigator to be probablv or
definitely related to study drugz.

The majorty of treatment-emergent adverse events were muld m mtensity; 2 subjects experienced adverse eventis of
moderate mtensity. One subject experienced headache and dysmencmrhea of moderate intensity during dosing with
alogliptin 12.5 mg BID. One subject experienced an adverse event of blood creatine pheosphokinase increased

(5898 UL [normal range, 38 UL - 265 U/L]) of modsrate intensity following freatment with aleghptin 25 mg QD
durmg Treatment Pariod 1 that resulted in the discontinuation of study dimg and withdrawal of the subject from the
study. The mvestizator considerad the svent to be not related to stody dmg.

Mo deaths or serious adverse events ccowmred o this study.

Mo hematolegy, minalvsis, ECG, or vital sizn result was reported as an adverse svent.

CONCLUSIONS:

¢ Total exposure (ATTC[0-24]) results were similar between alogliptin 12.5 mg BID and aloglipin 25 mz QD.

¢ Comparizon of pharmacedynamic results (18, DPP-4 miubition parameters) showed that zloghiptin 125 mg BID
was similar to aloglptin 25 mz QD In addition, DPPF-4 mhibition at 24 hours postdoss was 280% during both
desing regimens. Cwrent literature suggests that DPP-4 mmhibinon of 280% 15 necessary in order to achieve an

optimal chronie glucese lowernng effect.

¢  Alogliptin 25 mz QD and aleghiptin 12.5 mg BID were well tolerated as administered n this study.

Date of Report:

07 February 2008
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2.0 SYNOPSIS

Title of Study:

An Open-Label Study to Assess the Effect of Voglibose on the Pharmacekinetics of SYR-322 in Healthy
Male Subjects

Name of Sponsor:
Takeda Pharmaceutical Company Limited

Name of Active Ingredient:
SYR-322

Name of Finished Product:
Not yet determined

Investigator(s): Study Center(s):

Alcira Maeda, Non-executive Physician Henjo Clinic IT, Medical Co. LTA
Publication (reference):

Nome

Study Period (years): Phase of Development:

Date first subject signed consent, 20 Aungust 2007 | Phase 2
to date of last subject’s last visit, 25 September
2007

OBJECTIVES

To assess the effects of voglibose on the pharmacolkinetics and safety of SYR-322 in Japanese healthy adult
male subjects in an open-label mannes.

METHODOLOGY

This was an open-label study in Japanese healthy adult male subjects. It was conducted at a single study
center.
Each subject recerved 23 mg of SYR-322 as a single dose on Day 1. Following a 5-day washout period,
subjects received 0.2 mg of voglibose three times daily for 8 days (Days 6 to 13) and a single dose of
25 mg SYR-322 on the 6th day of administration of voglibose (Day 11). Plasma concentrations and urinary
excrefion rates of SYR-322 on Day 1 were compared with those on Day 11 to assess the effects of
voglibose on the pharmacokinetics of SYR-322.
Number of Subjects:
Planned: 10 subjects
Analyzed: Plasma phammacckinetic analysis set—09 sulbjects,

Urine pharmacokinetic analysis set—10 subjects,

Safety analysis set—I10subjects
Diagnosis and Main Criteria for Inclusion:
To qualify for study participation, subjects had to be healthy males; aged 20 to 35 years, inclusive; been
able to comprehend and willing to sign a written information/consent form: The subject weighs 50 kg or
more and has a BMI of 1.5 kg/m” or more, but less than 25.0 kzg/m® at the screening.

Test Product, Dose and Mode of Administration/Lot Number:

Batch T ot Number
SYR-322; SYR-322 25-mg tablet, oral preparation 264117034
Voglibose; voglibose 0.2-mg tablet, oral preparation Z548WV132
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Duration of Treatmemnt:

For SYR-322, each subject orally received one SYR-322 25-mg tablet 30 minutes before the start of
breakfast with 150 mL of water on Days 1 and 11 (2 days).

For voglibose, each subject orally recetved one voglibose 0.2-mg tablet three times daly immediately
before each meal with 130 ml of water from Day 6 through Day 13 (8 days).

Criteria for Evaluation:
[Primary endpoint]

Pharmacokinetic: Plasma concentrations and urinary excretion rates of unchanged SYR-322 (free base)
referred to as SYR-3227, and 1ts metabolites M-I and M-I1
[Secondary endpoint]
Safety: Adverse events, vital signs, body weight, resting 12-lead electrocardiogram (ECG) findings, and
laboratory test data.

Statistical Methods:

Pharmacokinetic analysis

Summary statistics were caleulated for plasma concentrations of SYR-3227 and its main metabolites M-I

and M-II at each protocol-specified blood sampling time point by treatment phase (for each of the

SYR-322-alone and SYE-322/voglibose combination phases). Changes in the concentrations were

dlustrated (by subject. means and standard deviation [SD]. and box-and-whisker plots).

Summary statistics were also calculated for pharmacolinetic parameters [except AUMC{0-tlge) and

AUMC(0-1nf)] by treatment phase (for each of the SYE-322-alone and STYR-322voglibose combination
hases).

_?-‘snalygis of vanance (ANOVA) was applied to log-transformed ATIC{0-72), ATUC(0-tlge), AUC{0-1nf), or

Cmax values of SYR-3227 and its metabolites M-I and M-IT to estimate the two-sided confidence intervals

(confidence coefficient, 90% and 93%) for differences between the treatment phases (value in the

SYR-322/voglibose combination phase — value in the SYE-322-alone phase). Based on the confidence

wtervals, the effect of voglibose on the pharmacokinetics of SYR-322 was assessed. For reference, the

same analysis was performed on non-log-transformed data.

Summary statistics of the comulative urinary excretion rate were calewlated by treatment phase (for each of

the SYR-322-alone and SYR-322/voglibose combination phases). Changes in the cumulative urinary

excretion rates were illustrated (by subject, means and 5D, and box-and-whisker plots). In addition,

sunmmary statistics of renal clearance (CLt) of SYE-3227 were calculated by treatment phase (for each of

the STR-322-alone and SYR-322/voglibose combination phases).

Each treatment phase was defined as follows: the “SYR-322-alone phase™ was defined as the time of

adnumistration of SYR-322 on Day 1, while the “SYR-322/voglibose combination phase™ was defined as

the time of admaustration of SYR-322 on Day 11.
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Safety analysis:

Adverse events were presented by “severity” and “cansal relationship with the investigational product”™ for
each treatment phase (for each of the SYR-322-alone, multiple-dose voglibose-alone, and SYE-
322voglibose combination phases). For vital signs, body weight, ECG findings and laboratory test data,
sunmmaty statistics were caleulated at each assessment point, and profiles were illustrated in figures by
subject. In addition, summary statistics of pre- and post-administration differences (value at each
assessment point after administration — value at baseling) were caleulated. For reference. a one-sample
t-test was applied to the pre- and post-admimstration differences. For vital signs, resting 12-lead ECG
findings, and laboratory test data, cross tables comparing values before and after administration were
prepared, based on pre- and post-administration judgments of “below the reference range,” “within the
reference range” and “above the reference range.” When no upper limit of reference was present, “below
the reference range”™ and “within the reference range” were used for cross tabulation. Sinularly, when no
lower limit of reference was present, “within the reference range™ and “above the reference range”™ were
used. For ECG findings, the criteria of “within the normal limits,” “abnormal but not clindcally significant™
and “abnormal and clinically significant”™ were used.

Each treatment phase was defined as follows: the “STR-322-alone phase™ was defined as the period from
Day 1 through the morning admindstration of voglibose on Day &, the “nmltiple-dose voglibose-alone
phase”™ as the period from after the moming adounistration of voglibese on Day 6 through the
adnunistration of SYE-322 on Day 11, and the “SYE-322voglibose combination phase™ as the period after
the administration of SYR-322 on Day 11

SUMMARY OF RESULTS

Subject Disposition:

A total of 31 subjects were screened at the study center. Of these, 13 subjects were enrolled in the study.
The main reason for screen failuwes was ineligibility based on the results of the screening. Ten subjects
received the investigational product and completed the study. Three subjects did not receive the
vestigational product; two of these were reserve subjects.

Pharmacokinetic Result:

Data from 9 out of 10 subjects who recerved investigational products were evaluated for the
phammacekinetic population (plasma), since one subject was excluded due to sample hemolysis. Data from
all 10 subjects were evaluable in the pharmacokinetic population (urine).

1. Plasma Concentrations

(1) SYR-3227

The LS mean values of the ATTC({0-inf) of SYR-3227 were 1567.581 ng+hr/ml on Day 1 (without
voglibose) and 1229169 ng*hw/ml on Day 11 (with veglibose). Thus, the value on Day 11 (with voglibose)
was 21.6% lower than that on Day 1 (without veglibose). The 90% CT for AUC(0-1nf) ranged from 758 to
81.1%. The 90% CTs for AUC(0-72) and ATTC(0-tlge) were similar to that for AUC{0-inf). The LS mean
values of the Cmax of SYR-3227 were 143797 ng/ml on Day 1 (without voghbose) and 130.752 ng/mL
on Day 11 (with voglibose). Thus, the value on Day 11 (with voglibose) was 10.3% lower than that on
Day 1 (without voglibose). The 90% CT for Cmax ranged from 75.7 to 106.2%.

2y M-I

The LS mean values of the ATC{0-inf) of M-I were 19,164 ng+hr/mL on Day 1 (without voglibose) and
17.479 ngshe/ml on Day 11 (with voglibose). Thus, the value on Day 11 (with voglibose) was 8.8% lower
than that on Day 1 (without voglibese). The 90% CT for AUC{(-inf) ranged from 26.0 to 96.8%. The 90%
CIs for AUC{0-72) and AUC(0-tlge) were simular to that for AUC{0-inf). The LS mean values of the Cmax
of M-I were 0.347 ng/'mL on Day 1 (without voglibose) and 0.348 ng/ml on Day 11 (with voglibose).
Thus, the value on Day 11 (with voglibose) was similar to that on Day 1 (without voglibose). The 90% CI
for Cmax ranged from 88.5 to 114.0%.
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(3) M-I

The LS mean values of the ATUC({0-inf) of M-II were 58.778 ng=hr/mL on Day 1 (without voghbose) and
42 087 ng+hr'mL on Day 11 (with voglibose). Thus, the value on Day 11 (with voglibose) was 28.4% lower
than that on Day 1 (without voglibose). The 90% CT for AUC|0-inf) ranged from 67.2 to 76.3%. The 90%
Cls for AUC{0-72) and ATUC(0-tlge) were simular to that for AUC{0-inf). The LS mean values of the Cmax
of M-IT were 5.402 ng/ml on Day 1 (without voglibose) and 4.427 ng/ml on Day 11 (with voglibose).
Thus, the value on Day 11 (with voglibose) was 18.1% lower than that on Day 1 (without veglibose). The
90% CI for Cmax ranged from 73.8 to 91.0%.

2. Urinary excretion

(1) SYR-3227

Up to 72 hows after administration, the cumnulative winary excretion ratio of SYE-3227 was estimated to
be 72.3% on Day 1 (without voglibose) and 54.8% on Day 11 {with veglibose). The renal clearance values
for SYR-3227 were 11.52 and 11.22 Ll en Day 1 (without voglibose) and Day 11 (with voglibose).

(2} M-I

Up to 72 howrs after adoumistration, the commlative urinary excretion ratio of M-I was estimated to be 0.3%
on Day 1 (without voglibose) and 0.4% cn Day 11 (with voglibose).

(3) M-I

Up to 72 howrs after admunistration, the cummlative urinasy excretion ratio of M-I was estimated to be
3.3% on Day 1 (withouwt voglibose) and 2.3% on Day 11 {with voglibose).

(4) Total (SYR-3227 + M-I+ M-IT)

Up to 72 hows after administration, the cumulative wrinary excretion ratio of total (SYR-322Z + M-I+
M-IT) was estimated to be 76.1% on Day 1 (without voglibose) and 57.5% on Day 11 (with voglibose).

Safety Result:

Coadministration of SYR-322 with voglibose appeared to be safe and well tolerated in healthy adult male
subjects based on the followng results:

* DNo adverse events were observed in this study.
+ None of the changes in any laboratory tests was considered to be of clinical significance.

* DNo clinically relevant abnormal findings m vital signs and body weight were cbserved in the study.
There were no abnormal physical examination findings. No clinically relevant abnormal ECG findings
were chserved.

CONCLUSIONS:

¢ The AUC(0-inf) and Cmax of SYR-3227 after adounistration with veglibose were lower than those
after administration without voglibose (decreases of 21.6% and 10.3% in ATTC(0-inf) and Cmax of
SYR-322Z, respectively).

¢  The cummulative urinary excretion ratio of SYR-3227 after administration with voglibose was
approximately 20% lower than that without voglibose.

o Coadministration of SYR-322 with voglibose appeared to be safe and well tolerated 1n healthy adult
male subjects.

Date of Report:
14 March 2008
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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology / Division of Clinical Pharmacology 2 (OCP/DCP-
2) has reviewed NDA 22-271 for Nesina® (alogliptin benzoate) and finds it acceptable
provided providing that the Agency and the sponsor agree on the labeling. In addition, if
the safety profile of Nesina® is acceptable by the clinical division, based on the exposure-
response relationships regarding efficacy and safety reviewed by the Office of Clinical
Pharmacology, both 12.5 mg and 25 mg of Nesina® are acceptable doses.

1.2 PhaselV Commitments

None

1.3 Summary of Important Clinical Phar macology Findings

The sponsor has submitted the NDA 22-271 for Nesina® (alogliptin benzoate) for the
indication of improving glycemic control in patients with type 2 diabetes mellitus (T2D).
Alogliptin is an inhibitor of dipeptidyl peptidase-4 (DPP-4) where DPP-4 inhibitors
increase incretin hormones, namely glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP). One of the important physiologic functions
of GLP-1 and GIP is the stimulation of glucose-dependent insulin secretion from the
pancreas.

The proposed dose of alogliptin is 25 mg once daily. Dose adjustment is recommended
by the sponsor for subjects with moderate and severe renal impairment, and end stage
renal disease (ESRD) because of the exposure increases observed in those subjects: 12.5
mg for subjects with moderate renal impairment and 6.25 mg for subjects with severe
renal impairment or ESRD.

A total of 30 clinical pharmacology/clinical studies conducted for the evaluation of

Nesina® are as follows:

e 24 Phase 1 studies,

e One Phase 2 study,

e Five Phase 3 studies for monotherapy and combination with a peroxisome
proliferator-activated receptor gamma (PPARY), metformin, a sulfonylurea, or insulin

The minimum effective dose of alogliptin was 12.5 mg, which also achieved the apparent
maximum effect in the Phase 2 dose-ranging study. This study evaluated 6.25 mg, 12.5
mg, 25 mg, 50 mg, and 100 mg QD on lowering glycosylated hemoglobin (HbAlc), the
surrogate efficacy endpoint for anti-diabetic treatment. Based on these Phase 2 study
results, two doses, 12.5 mg and 25 mg, were selected for further clinical evaluation in the
Phase 3 studies. Alogliptin treatment effect for both doses on lowering HbAlc was
significantly greater than that of placebo in all Phase 3 studies. Overall, there is no clear

Page 4 of 156



incremental benefit in starting with 25 mg over 12.5 mg alogliptin for HbA1c reduction.
From clinical pharmacology perspectives, both 12.5 mg and 25 mg seem acceptable.

Incidence of hypoglycemia with Nesina® 25 mg monotherapy was comparable to that of
placebo. No exposure-safety relationship was observed for either serious treatment
emergent cardiac events or renal function with respect to alogliptin exposure. Please refer
to the clinical and pharmacometric reviews for more detail on alogliptin efficacy and
safety.

About 68% of the oral dose was excreted in the urine as alogliptin and it indicates that
renal excretion is the major elimination pathway for alogliptin. Alogliptin was
metabolized to N-dealkylated alogliptin (M1) by CYP2D6 and acetylated alogliptin (M2).
The alogliptin metabolites were regarded as minor because exposure of M1 was less than
1% and M2 was less than 4% of alogliptin exposure following alogliptin single and
multiple dose administration. While the DPP-4 inhibitory activity of M1 was similar to
that of alogliptin, that of M2 was not significant against DPP-4.

Alogliptin exposure increase was proportional to alogliptin dose increase after multiple
dosing (25 mg-400 mg). Mean time to reach Cmax (Tmax), clearance (CL/F), volume of
distribution (Vdz/F), and half-life following 25 mg single dose administration were 1-2
hour, 16.9 L/h, 609.6 L, and 25.6 hour, respectively. Food did not significantly affect the
alogliptin exposure. Alogliptin AUCy increased by 28% and 19% in elderly and in
women, respectively, compared to that of matching control groups. In addition, AUC
increased by 28% in white subjects compared to that of black subjects. Alogliptin AUC
increased by 69%, 108%, 219% and 281% in subjects with mild, moderate, and severe
renal impairment and ESRD, respectively, compared to that of control subjects. Moderate
hepatic impairment did not significantly affect the alogliptin exposure.

Metabolic modulators (i.e., fluconazole, ketoconazole, gemfibrozil, cyclosporine,
pioglitazone, cimetidine, metformin, atorvastatin, and digoxin) did not significantly affect
alogliptin exposure. In addition, alogliptin did not significantly affect exposure of P450
probe substrates (i.e., caffeine, tolbutamide, dextromethorphan, and midazolam),
fexofenadine, glyburide, (S)-warfarin, (R)-warfarin, ethinyl estradiol, norethindrone,
cimetidine, metformin, pioglitazone, atorvastatin, and digoxin.

There was no clinically meaningful effect of alogliptin on QTc intervals following 50 mg
or 400 mg dose of alogliptin. Commercial formulations were bioequivalent to
formulations used in Phase 3 studies. Review of the Division of Scientific Investigation
on this pivotal BE study is pending at this time.
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2 Question Based Review
2.1 General attributes

2.1.1 What are the highlights of the properties of the drug or the formulation as they
relate to clinical pharmacology review?

Aqueous solubility of alogliptin benzoate (Figure 1) was 19.2 mg/mL (sparingly soluble)
and it indicates that the highest proposed dose (25 mg) is soluble in 250 mL water.
Partition coefficient (Coctanol/Caqueous) at pH 7.0 and 25 °C was -0.9. Permeability from
Caco-2 study was similar to that of mannitol, a reference compound for low-permeable
drugs and this indicates that alogliptin Caco-2 cell permeability is low. Net permeability
ratio between apical to basal vs. basal to apical was less than 2 and this indicates that net
P-glycoprotein impact on alogliptin transport in Caco-2 cell is insignificant. Alogliptin
urinary excretion in human was 76% of oral dose indicating that alogliptin absorption is
high.
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Figurel Structural formula of alogliptin benzoate (MW 461.51 for benzoate salt and 339.39
for free base)

Alogliptin and its major metabolites did not show in vitro inhibitory activity against
potential off target enzymes, namely DPP-2, DPP-8, DPP-9, PREP, FAPa/seprase, and
tryptase with greater than 100,000 nmol/L for ICso. DPP-2 is known to induce quiescent
T-cell apoptosis, and DPP-8/9 is involved in multiple toxicities including mortality,
alopecia, thrombocytopenia, anemia, enlarged spleen, and associated histopathologic
findings.

2.2 General clinical pharmacology

2.2.1 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response)?

Maintaining higher than 80% DPP-4 inhibition over 24 hours is known to be required in
order to achieve desirable chronic glucose lowering in T2D and 25 mg was the minimum
dose achieving this DPP-4 inhibition goal (Figure 2 and 3).
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Figure 3 Plasma DPP-4 inhibition versus alogliptin plasma concentrations in T2D at Day 14

following QD (data from Study 002); red circle — 25 mg QD, green triangle — 100 mg
QD, and blue triangle — 400 mg QD (data from Study 002)

The HbAlc lowering effect of 6.25 mg, 12.5 mg, 25 mg, 50 mg, and 100 mg was
evaluated in the Phase 2 dose-ranging study. There was statistically significant effect of
alogliptin on HbAlc lowering at all doses except at 6.25 mg (Figure 4). The study results
indicate that 12.5 mg is the minimum effective where also an apparent maximum effect is
achieved. Based on these Phase 2 study results, 12.5 mg and 25 mg were selected for
further clinical evaluation in the Phase 3 studies.
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The HbAlc lowering effect of 12.5 mg and 25 mg was statistically significant compared
to that of placebo (Figure 5). Treatment effect of 25 mg was slightly greater than that of
12.5 mg in four of five Phase 3 trials (Table 1).

Study 010 Study 007 Study 008 Study 009 Study 011
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Figure5 Change from baselinein HbA1c (%) at Week 26 for Phase 3 studies
Tablel Placebo-corrected change from baselinein HbA1c at Week 26 by treatment
Alogliptin vs Placebo
Alogliptin Alogliptin Difference Between Alogliptin 12.5
Add-on Therapy 12.5 mg 15 mg mg and 25 mg.
As monotherapy (010) -0.54%%F* -0.57%*** -0.03%
Add-on to metformin (008) -0.50%*** -0.48%%** 0.02%
Add-on to a TZD (009) -0.47%>* -0.61%*** -0.14%
Add-on to a sulfonylurea (007) -0.30%9%*= -0.53%%F* -0.14%
Add-on to insulin {011) -0.51% %% -0.50%*** -0.08%

###P0.001 compared with placebo. Difference between alogliptin doses derived by subtracting aloghptin 12.5 mg
from the alogliptin 25 mg dose.
Source: Studies 010, 007, 008, 009, and 011, Table 15.2.1.1.1.

However, no concentration (or dose)-effect relationship was evident for alogliptin in

reducing serum HbAlc concentrations and therefore, there is no clear benefit in starting
with 25 over 12.5 mg alogliptin for serum HbAlc reduction. In addition, serum HbAlc

Page 8 of 156



concentrations were reduced to similar extents at 12.5 and 25 mg alogliptin compared to
the placebo group indicating that at 12.5 mg, the apparent maximum activity might have
been achieved.

No exposure-safety relationship was observed for either serious treatment emergent
cardiac events or renal function with respect to alogliptin exposure.

The range of trough concentrations of alogliptin in individuals with serious cardiac events
was similar to those experiencing no adverse events. This suggests that serious cardiac
events in these individuals are not exposure-related at the studied doses (Figure 6)

|
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Cardiac Event, n=24 (All Studies)  No Event, n=315 (Study PLC-010)

Figure 6 Steady-State Trough Concentrations at 4 weeks for Patients with and without
Adverse Cardiac Events

Time courses of creatinine clearance for each individual showed no evidence of
deterioration of renal function throughout the 52-week alogliptin study duration. Please
refer to the pharmacometric review for more detail on alogliptin efficacy and safety.

e Previous experience with DPP-4 inhibitors

The Agency has approved the first DPP-4 inhibitor, Januvia® (sitagliptin phosphate,

NDA 21-995) on October 16, 2006 and taken an approvable action on vildagliptin (NDA
® @ ® @
)

Januvia®: Approved dosing regimen of Januvia® is 100 mg once daily and it is adjusted
to 50 mg once daily for subjects with moderate renal impairment and 25 mg once daily
for subjects with severe renal impairment and ESRD. Sitagliptin is mainly excreted in
urine (79% of dose). Sitagliptin AUC was increased by 1.6-, 2- and 4-fold in subjects
with mild, moderate, and severe renal impairment and ESRD compared to that of control
group, respectively. 100 mg and 200 mg of sitagliptin were evaluated in Phase 3 studies
where 200 mg showed greater HbAlc lowering effect than 100 mg.
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Vildagliptin: Vildagliptin’s absolute bioavailability is 85%. About 85% of dose is
excreted in urine as vildagliptin (23% of dose) and its metabolites. Major metabolite
(57% of dose) was hydrolysis at the cyano moiety without CPY enzyme involvement.
The proposed dosage regimen was b
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2.2.2  Does this drug prolong the QT or QTc interval?

The effect of alogliptin on QT interval was assessed in a single-blind, randomized,
placebo-, and positive-controlled design following two parallel supra-therapeutic multiple
doses (50 mg or 400 mg QD for 7 days; Study 019). It was concluded that there was no
significant effect of alogliptin on QT prolongation. Please see the review by QT IRT
under IND 69707 for more details.

Alogliptin following 50 mg and 400 mg were not positively associated with QTcF of
greater than 450 ms while moxifloxacin was positively associated with QTcF of greater
than 450 ms in the categorical analysis.

The slope in the QTcF vesus alogliptin concentrations was 1.6 ms/1000ng/mL(Figure 7).
It indicates that the mean ddQTcF is less than 5 ms at a mean Cmax of approximately
2800 ng/mL. This Cmax is about 19-fold higher than the mean Cmax at the therapeutic
dose (145 ng/mL at 25 mg).
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2.2.3 What arethe PK characteristics of the drug and its major metabolite?

e Absorption, distribution, metabolism, and elimination

Permeability of alogliptin (0.888 -1.23 x10™® cm/sec) was similar to that of mannitol, a
reference for low permeability across Caco-2 cells. The net flux ratio (apical to
basal/basal to apical) was 0.7 and 1.7 at 1 hour and 2 hours, respectively.

About 68% of oral dose of alogliptin was excreted in urine (Study 014). The mean
recovery of radioactivity was 89% (76% in urine and 13% in feces) over 120 hours post-
dose (Figure 8). Alogliptin elimination half-life was 25.61 hour (44% CV) and

metabolites plasma exposure was less than 5% of alogliptin exposure.
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Figure8 Mean cumulative profiles of urinary and fecal excretion of radioactivity following

25 mg alogliptin containing 100 pCi of **C

Alogliptin plasma protein binding was concentration dependent and ranged from 28% to
38% in concentration range of 10pg/mL to 0.01pg/mL.
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Time to reach Cmax ranged from 1 hour to 2 hour (Study 014 and 027). Clearance
(CL/F) and volume of distribution (Vd/F) following oral 25 mg dose was 16.88 L/hr and
609.6 L, respectively (Study 014). Alogliptin pharmacokinetic parameters following 12.5
mg and 25 mg are summarized in Table 2 from the pivotal BE study results (Study 027).

Table2 Alogliptin phar macokinetic parameter s following 12.5 mg and 25 mg
Arithmetic Mean (%0CV) L5 Mean (a)
Treatment D: Treatment C: Treatment D: Treatment C: Ratio T/R-100
SYR-32225mg SYR-31225mg SYR-312 SYR-312 (90% CT) (a)
Proposed Phase 3 Tablet (R) 15 mg 15 mg
Commercial Proposed Phase 3
Parlameter Tablet (T) Commercial Tablet (R)
{units) Tablet (T)
Plasma =36 n=36 n=36 n=34
AUC(0-tlge) (ng-hr/ml) 144703 (14994) 144135 (15.478) 143156 1424 56 100.49 (98.64, 102.38)
AUC{04nf) (nghe/ml) 153052 (15.418) 152336 (16.330) 151290 1505.58 100.49 (98.73, 102.28)
Cmax (ng/mlL) 125.77 (290517  118.63 (23.067) 12095 115.47 104.75 (98.50, 111.38)
Tmax (ht) (b,c) 1.00 (0,500, 6.017) 1.00 (0.300, 6.000) 1.00 1.00 —
CL/F (L'hr) 16.72 (153.727) 16.83 (17.297) — — —
Urine n=35 o=33
Ae(0-24) (mg) 881 (31.998) 8.67 (36.979) — — —
CLr (L/hr) 841 (36.444) 8.13 (40,010} — — —
Fe (%) 3523 (31.998) 34.67 (36.979) — — —

Sources: Tables 15.2.1.2, 13.2.1.8, and 15.2.1.12.

—=not applicable. T=test treatment. R=reference treatment.

(a) Ratios and confidence intervals are presented as percentages.
(b) Tmax is presented as median (mininmm MAXIMINL).

(c) P=0.162

Alogliptin seems to be metabolically stable in hepatocytes with less than 0.6%
degradation over 3 hours. Alogliptin was metabolized to N-demthylated alogliptin (M1)
by CYP2D6 and to N-acetylated metabolite (M2) (Figure 9). DPP-4 inhibition activity of
M1 was similar to that of alogliptin and M2 was not active against DPP-4 inhibition.
Exposure of M1 and M2 was less than 1% and 4% of alogliptin, respectively.
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Figure9 Major metabolic pathways

Alogliptin did not show inhibition potential on CYP1A2, 2C8, 2C9, and 2C19 at 100
umol/L in pooled human liver microsomes (from 9 individuals). Alogliptin showed
inhibition potential on CYP2D6 but its 1Cso (>100 uM) was significantly higher than
Cmax (100 uM) (Table 3). Alogliptin increased dextromethorphan AUC, in vivo 2D6
substrate, by 26% and it indicates that clinical consequence of 2D6 inhibition by
alogliptin is not significant. Alogliptin showed inhibition potential on CYP3A4/5 after
pre-incubation (Table 3). However, alogliptin did not change in vivo 3A4 substrates (i.e.,
midazolam and atorvastatin) exposure.

Table3 In vitro evaluation of alogliptin as an inhibitor of human CYP enzymes
Direct inhibition Metabelism-dependent inhibition (MDI)
Zero-minute pre-incubation 30-munute pre-incubation
Maximum inhibition Maximum inhibition
IC50 (uM) at 100 uM (%) * IC50 (uM) at 100 uM (%)° MDI potential ®
CYPIA2 Phenacetin O-deethylation =100 NA =100 13 little or no
CYP2C8 Paclitaxel 6o-hydroxylation =100 NA = 100 NA little or no
CYP2CO Diclofenac 4 -hydroxylation =100 NA = 100 NA little or no
CYP2C19 5-Mephenytoin 4 -hydroxylatien =100 42 = 100 6.2 little or no
CYP2D6 Dextromethorphan O-demethylation =100 27 =100 27 little or no
CYP3A4S  Midazolam 1 -hydroxylation =100 12 78= 11 56 ves
CYP3A4/5  Testosterone 6p-hydroxylation =100 08 = 100 46 yes

Notes  Values were calculated using the average data obtained from duplicates for each incubation condition. The IC50 values were calculated using XLFit.

: Maximum inhibition (%s) is calculated using the following formula and data for the highest concentration of test article for which usable data were collected
from the IC50 determinations (results are rounded to two significant figures): Maximum inhibition (%) = 100% — Percent solvent control (see Appendix 4)
Metabolism-dependent inhibition was determined by comparison of IC50 values with and without pre-incubation and by visual inspection of the IC50 plot.

NA Not applicable; inhibition was not observed at the highest concentration of SYR110322 evaluated (100 uM).

Alogliptin did not show induction potential on CYP1A2, 2B6, 2C9, and 2C19 but only
induction potential on CYP3A4/5 at 100 umol/L in human hepatocytes with 27.6%
activity of rifampin, a positive control for induction. Alogliptin following multiple doses
did not affect exposure of 3A4 substrates, namely midazolam and atorvastatin and the
results indicate that alogliptin is not an in vivo inducer for CYP3A4/5.
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e Dose-exposure relationship

Alogliptin pharmacokinetics was linear across the single doses (25 mg, 50 mg, 100 mg,
200 mg, 400 mg and 800 mg; Study 001) in healthy subjects and multiple doses (25 mg,
100 mg and 400 mg QD for 14 days; Study 002) in T2D patients. Slopes (its 90%
confidence interval) between alogliptin exposure and doses were estimated using a power
model (Table 4).

Table4 Slopes between alogliptin exposur e and doses

slope (90% CI) AUC Cmax
single dose 1.052 (1.010-1.095) | 1.214 (1.150-1.278)
multiple dose | 0.9520 (0.91-1.00) | 1.0080 (0.94-1.07)

Accumulation ratio on Day 14 was 1.34 and 1.09 for AUCy.4p, and Cmax, respectively,
following 25 mg QD in T2D patients.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (e.g., age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK
usually) and/or response, and what is the impact of any differencesin exposure on
efficacy or safety responses?

e Disease

Alogliptin exposure in T2D patients was slightly lower than that of healthy subjects
following 400 mg QD in a cross study comparison (Table 5) and the difference appears to
be clinically insignificant.

Table5 Alogliptin exposure comparison between healthy subjectsand T2D patients
following 400mg QD

Day 1 steady-state™
AUCO_24 Cmax AUCO_24 Cmax
(ng hr/mL) | (ng/mL) | (ng hr/mL) | (ng/mL)

Healthy subjects (Study 019) 20162 2794 23646 2844
T2D 15823 2420 20675 2560
(Study 002)

* Day 7 for healthy subjects (n=64) and Day 14 for T2D patients (n=14-15)
e US study vs. Japanese study

There was no significant alogliptin exposure or DPP-4 inhibition difference observed

between studies conducted in US and Japan in a cross study comparison (Figure 10).
About 80% of study population was Caucasian in the US study (Study 001) and Study
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CPH-001 population was all Japanese. This indicates that alogliptin exposure in Japanese
is not significantly different to that of Caucasian.
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Figure 10 AUC versus dose (left) or DPP-4 inhibition versus AUC between US study (Study

001) and Japanese study (CPH-001) following single doses
e Age, gender and race

Elderly subjects had 28% higher AUC.»4 than those of young subjects and Cmax in the
elderly subjects was not significantly different to that of young subjects. Women had
19% and 22% higher in AUCy.,4 and Cmax than those of men, respectively. White
subjects had 28% and 20% higher in AUC_,4 and Cmax than those of Black subjects,
respectively (Figure 11).

The sponsor concluded that the alogliptin PK changes with age, gender and race were not
clinically meaningful. Exposure of alogliptin metabolites were less than 4% of alogliptin.
Therefore, metabolites exposure changes were not considered clinically important.

Effect Of Race J—[ Effect Of Gender }—
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= I
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= 2m4 i
b 1
i <G5 years =65 years Whites Males Females
(N=24) (N=24) (N=24) (N=24) (N=24) (N=24)
Source: Study 022,
Figure 11 AUC by treatment groups

Reviewer’s Comments:
e A total of eight treatment sub-groups were utilized in assessing for the effect of age,

sex, and race on alogliptin exposure (Figure 12). The sponsor pooled these sub-
groups by age, sex or race. For example, young Black men, young White men, young
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Black women and young White women groups were pooled for young age groups.
However, there was statistically significant effect of age (i.e., young White men vs.
elderly White men), sex (i.e., young White men vs. young White women) and race on
alogliptin exposure. In addition, there was interaction between age and sex on
alogliptin exposure as indicated by 97% exposure increase in elderly White women
compared to young White men. Therefore, the sponsor’s pooled data analysis is not
acceptable. Creatinin clearance in the elderly White women was about half of that in
the young White men and it indicates renal function decrease mainly attributes
exposure increase in the elderly White women.
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sub-groups
Figure 12 AUC (upper) and Cmax (lower) by treatment groups. WYM-White young male,

WYF-White young female, BYM-Black young male, BYF-Black young female,
WEM -White elderly male, WEF-White elderly female, BEM-Black elderly male,
BEF-Black elderly female

e Renal impairment
Renal function clearly affected alogliptin exposure (Figure 13). Alogliptin AUC increase

by 69%, 108%, 219% and 281% in subjects with mild, moderate, severe renal
impairment and ESRD, respectively, compared to that of control subjects. Cmax also
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increased by 13%, 42%, 27%, and 32% in subjects with mild, moderate, severe and
ESRD, respectively, compared to that of control subjects. Metabolite (M1) exposure
significantly increased with renal impairment (Figure 14). However, it may not be
clinically meaningful because those exposures were significantly lower (<4%) than that

of alogliptin.
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Figure 13 AUC(0-t) vs. CrCl by renal status
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Figure 14 AUC,, (Ieft) and urinary excretion (right) by renal statusfollowing 50 mg single
dose

Dose adjustment is recommended for subjects with moderate and severe renal
impairment, and end stage renal disease (ESRD) because of exposure increase: 12.5 mg
for patient with moderate renal impairment and 6.25 mg for patient with severe renal
impairment or ESRD.

Reviewer’s Comments:
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We recommend dose adjustment to 12.5 mg for subject with mild renal impairment
because of mean exposure increase by 69% in the subjects. There will not be efficacy
compromise for the dose adjustment with 69% exposure increase because HbAlc
lowering effect of 12.5mg (-0.54% in monotherapy) is comparable to that of 25 mg (-
0.57% in monotherapy).

e Hepatic impairment

Moderate hepatic impairment classified by Child-Pugh system did not significantly affect
alogliptin exposure (Table 6).

Table 6 Alogliptin phar macokinetic parametersin subject with moder ate hepatic
impairment following 25 mg single dose
LS Mean
Subjects with

Moderate Hepatic Ratio T/R-100
Parameter (units) N Impairment (T) Healthv Subjects (R) (90% CT) (a)
AUC{0-tlge) (ng-hrimL) 8 128127 142440 89.93 (73.41, 110.22
AUC(0-inf) (ng-hr'ml ) 8 136228 1497.11 90.99 (74.19, 111.60)
Cmax (ng/mL) 8 113.52 12204 9234 (68.27, 124.90)
Tmax (hr) (b.c) g 2.00 1.50 N/A

Source: Study 023,

N/A=not applicable, R=reference treatment, T=test treatment.
(a) Ratios and Cls are presented as percentages.

(b} Tmax is presented as median (nUNiMUM, MAXTNIL).

(c) P=0.091.

2.4 Extrinsic Factors

2.4.1 What are the drug-drug interaction studies?

Drug interaction was evaluated as follows and results are summarized in Table 7.

e The effect of metabolic modulators (fluconazole, ketoconazole, gemfibrozil and
cyclosporine) on alogliptin exposure,

e The effect of alogliptin on other drugs (caffeine, tolbutamide, dextromethorphan,
midazolam, fexofenadine, glyburide, warfarin, ethinyl estradiol and norethindrone),

e Drug interaction between alogliptin and other drugs (cimetidine, metformin,
pioglitazone, atorvastatin and digoxin).

Alogliptin increased dextromethorphan AUC (2D6 substrate) by 26% and fexofenadine
AUC (P-gp and OATP substrate) by 32%. However, these are not clinically meaningful.
Gemfibrozil and cyclosporine significantly increased M-I exposure but it may not be
clinically meaningful because of insignificant exposure (<1% of alogliptin).
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Table 7

Results of in vivo drug interaction studies

Perturber

Substrate

GMR (90% CI)

AUC

Cmax

fluconazole 200 mg (2C9)

alogliptin 25 mg at Day
11

99.14 (96.45-101.89)

80.43 (70.10-92.28)

M-I at Day 11

118.75 (101.03-139.57)

116.21 (105.93-127.48)

ketoconazole 400 mg (3A4)

alogliptin 25 mg at Day
11

115.39 (110.99-119.97)

122.04 (109.55-135.94)

M-I at Day 11

100.65 (88.30-114.74)

136.17 (123.42-150.24)

gemfibrozil (2C8/9)

alogliptin 25 mg at Day
11

112.88 (109.20-116.69)

84.74 (73.30-97.96)

M-I at Day 11 191.14 (164.78-221.71) | 172.64 (157.10-189.73)
cyclosporine 600 mg (p-gp) | alogliptin 25 mg at Day 1 110.29 (101.46-119.88) 105.35 (95.13-116.65)
M-I at Day 1 147.24 (129.99-166.79) | 154.40 (137.57-173.29)

alogliptin 25 mg QD for 7
days

glyburide 5 mg (2C9)

99.40 (93.14-106.08)

115.36 (105.98-125.57)

alogliptin 25 mg QD for 7
days

(S)-warfarin (2C9) stable
dose

101.09 (97.22-105.11)

99.75 (92.11-108.02)

(R)-warfarin (1A2)

98.80 (94.2-103.60)

98.56 (92.03-105.56)

PT. INR no statistical difference
alogliptin 25 mg QD for 21 | ethinyl estradiol 98.59 (94.92-102.40) 91.62 (86.77-96.73)
days norethindrone 102.48 (99.51-105.55) 103.05 (97.73-108.66)
PD: LH, FSH, ER,| no statistical difference
progesterone, and SHBG
alogliptin 100 mg QD 7 | caffeine 200 mg (1A2) 104.90 (92.47-119.01) 97.57 (91.77-103.74)

days (cocktail study)

tolbutamide 500 mg
(2C9)

97.41 (93.07-101.96)

99.58 (95.76-103.54)

dextromethorphan 30 mg
(2D6)

125.97 (107.82-147.17)

132.02 (113.81-153.14)

midazolam 4 mg (3A4)

107.55 (97.88-118.19)

112.68 (101.70-124.84)

fexofenadine 60 mg (P-
2p)

132.05 (110.78-157.41)

117.47 (95.38-144.67)

alogliptin 100 mg QD for 6
days vs. Cimetidine 400 mg
QD for 6 days

cimetidine
alogliptin

104.3 (98.2-110.7)
106.5 (103.2-109.9)

99.3 (90.7-108.7)
104.8 (98.4-111.6)

alogliptin 100 mg QD for 6
days vs. metformin 1000 mg
BID for 6 days

metformin
alogliptin

118.9 (109.5-129.1)
100.0 (97.2-102.9)

100.4 (91.9-109.7)
89.5 (82.0-97.7)

alogliptin 25 mg QD for 12
days vs. pioglitazone 45 mg
QD for 12 days (2C8)

pioglitazone
alogliptin

105.78 (97.49-114.78)
110.22 (107.75-112.75)

105.13 (92.34-119.68)
109.65 (102.55-117.25)

alogliptin 25 mg QD for 7
days vs. atorvastatin 80 mg
QD for 7 days

atorvastatin
alogliptin

114.17 (101.36-128.59)
100.07 (96.35-103.94)

112.66 (95.43-133.00)
108.68 (96.26-122.70)

alogliptin 25 mg QD for 10
days vs. digoxin 200 mg QD
for 10 days

digoxin
alogliptin

99.71 (96.02-103.55)
102.79 (99.46-106.23)

94.16 (85.16-104.11)
110.79 (101.61-120.80)

Underlined values indicate out of BE criteria.
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2.4.2 What is the food effect on alogliptin exposure?

There was no significant food effect on alogliptin exposure following 25 mg single dose
in healthy subjects (Study 026; Figure 15 and GMR with 90%CI in the figure).

100 1 PK Parameters Represent Least Squares Mean Values in 24 subjects
PK Treatment (A Treatment (B) Ratio (B/A), %
90 Parameters™ Fasting Fed (20% CI)*
Cmax 1103 1140 103.4 (92.4-115.8)
80 1 AUC (0-igc) 1526.7 1502.8 98.4 (96.6-100.3)
AUC (0-n1) 1627.0 1609.8 98.9 (97.3-100.6)
70 4 Tmax 1.51 (0.52-4.02) 1.98 (0..43-4.00)
*Cl = 90% Confidence Intervals
60 “*Cmax = ng/mL; AUC = ng hrimL and Tmax = Median (Min.-Max.)

50 1
40 1
30 4

20 4

Alogliptin Plasma Concentration, ng/mL
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Time, Hours
Figure 15 Alogliptin mean plasma concentration-time profiles following 25 mg under an

overnight fasting condition (closed circle) and fed (open circle).

2.5 General Biopharmaceutics

2.5.1 What is the relative bioavailability of the proposed to-be-marketed formulation to
the pivotal clinical trial?

Commercial formulations 9 were bioequivalent to formulations
used in the pivotal studies, ®® Table 8), at 12.5 mg and 25
mg.
Table 8 GMR of commercial formulation to clinical formulation (90% CI)

AUC,(ng hr/mL) Cmax (ng/mL)

12.5mg | 101.37 (99.67-103.10) 89.20 (81.92-97.14)
25mg | 100.49 (98.64-102.38) | 104.75 (98.50-111.38)

Components and composition of commercial formulation are summarized in Table 9 and
dissolution study results are shown in Figure 16. Alogliptin tablets were dissolved at a

minimum = ®® in 15 minutes across the range of physiologic pH and 3 specified
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dissolution media. Each samples was tested in 900 mL of 0.01M HCI, Apparatus 2
(paddle) at 50 rpm, and 37 °C and sampling time was 5, 10, 15, 20, 30, and 45 minutes.

Table 9 Components and composition of commercial formulation
Reference to Quantity per Tablet (mg)
Component Quality Standards Function 6.25 mg 12.5 mg 25mg
Uncoated Tablet
Alogliptin benzoate (a) In-house standard Active ingredient 85 17 34
(As alogliptin)

Mannitol USP
Microcrystalline cellulose ~ NF
Hydroxypropyl cellulose

Croscarmellose sodium

Film Coat Solution

Polyethylene glycoll @@ NF

120

100 'Tﬁ— = &
3 80—
§ 60 s
N/
R 40 // ~

20
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Time (minutes)
—6— 5F035 —5—- 7641902
Figure 16 Dissolution profiles
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2.6 Analytical Section

2.6.1 What bioanalytical methods are used to assess concentrations?

Conventional LC/MS/MS method was used for the quantification of alogliptin and its
metabolite in plasma and urine. The individual validation runs were within acceptable
specifications including accuracy and precision (Table 10). Lower limit of quantitation
was 1.00 ng/mL and 0.100 ng/mL for alogliptin and M1, respectively, and the standard
curve was linear up to 1000 ng/mL and 100 ng/mL for alogliptin and M1, respectively.

Table 10 Representative QC statistics

QC statistics for plasma assay (V1.00)

Analyte Accuracy (a) Precision (*CV)
Alogliptin -1.791t0 3.13 45310026
M-I -0.134 to 8.04 47310129

Source: LCMS307 4 revision.
(2) Expressed as % difference relative to theoretical concentrations.

QC statistics for urine assay (V1.00)

Analyte Accuracy (a) Precision (% CV)
Alogliptin -6.22t0 1.70 260t 537
M-I -3.32t0 2.36 23310679

Source: LCMS307_6 validation.
{a) Expressed as % difference relative to theoretical concentrations.

QC statistics for plasma assay (v1.04)

Analyte Accuracy (a) Precision (% CV)
Alogliptin -1.94+¢0 288 0.457t0 396
M-I -13.7to 1.83 13610374

Source: LCMS307 4 addendum 2.
() Expressed as %e difference relative to theoretical concentrations.

QC statistic for plasma assay (validation report for SYR-322/00260)

Analyte Accuracy (a) Precision (%CV)
Alogliptin -12tw040 08to58
M-I -2.0to 10.0 04t04.1
M-I -18t04 8 10to70

Source: SYR-322/00260.
(a) Expressed as % difference relative to theoretical concentrations.

QC statistic for urine assay (validation report for SYR-322/00260)

Analvie Accuracy (a) Precision {(%0CV)
Alogliptin -3.61t06.0 15t 73

M-I 0B8to 26 10t0 8.1
M-II B3t0-24 F1to102

Source: SYR-322/00262.
(a) Expressed as % difference relative to theoretical concentrations.
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3 Detailed Labeling Recommendations
(Please refer attached file for clinical pharmacology labeling comments. Strikethreugh indicates deletion
and red underlined text indicates addition.)
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4 Appendices

4.1 Approvable letter for NDA -
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4.2 Review on the individual study report

4.2.1 Study SYR-322-027 (pivotal BE study): An open-label, randomized, 2-period
crossover study to determine the bioequivalence of the Phase 3 tablets (12.5 and
25 mg) with the commercial tablets (12.5 and 25 mg) in healthy adults subjects
(n=18 per treatment) under fasting condition

Methods: Subjects were randomized to 12.5 mg or 25 mg group and received the Phase 3
formulation (test) and the commercial tablet in a crossover design under an overnight
fasting condition (Table 11). Blood samples were collected up to 72 hours (i.e., predose,
0.25,0.5,0.75, 1, 1.5, 2, 3, 4, 6, 8, and 12 hours post-dose) following administration of
investigational formulations (Table 12). Pharmacokinetic parameters were estimated
using the non-compartmental method. Bioequivalence was assessed using GMR and its
90% CI.

Results: Alogliptin plasma concentration-time profiles are shown in Figure 16.
Pharmacokinetic parameters and results of statistical analysis for BE assessment are
summarized in Table 13. The commercial formulations are BE to the formulations used
in the pivotal clinical trials.

Table 11 Summary of study design
Pretreatment Period (a) Treatment Period 1 (a) Treatment Period 2 (a)
Screening | Check-in Randomization Day 1 Davs 3.7 Day 1 Davs 2.3 Final VisitET
Days -28 to -2 | Day -1 Dasing U7 | Desing |7 Day 4
Sequence I
12.5 mg Dose (n=18) A B
Grow ;
P [SewaeT] A
Washout Washout
25 mg Dose | Sequence ITT c D
Group (n=18)
Sequence IV
(n=18) D ¢

A=1 SYR-322 11.53 mg phase 3 tablet (reference treatment), B=1 SYE-3212 12.5 mg proposed conmmercial tablet (test
treatment), C=1 SYR-322 25 mg phase 3 tablet (reference treatment), D=1 SYR-322 25 mg proposed commercial
tablet (test treatment). ET=early termination.

(a) Subjects were confined to the clinic from Day -1 of Treatment Period 1 through Day 4 of Treatment Period 1 and
from Day 7 of Treatment Period 1 through Day 4 of Treatment Period 2 and were discharged from the study on Day 4
of Treatment Period 2 after collection of the 72-hour pharmacokinetic blood sanple.

Table 12 Summary of investigational products
Drug Lot Number
SYR-322 12.5 mg proposed commercial tablet Z6418021
SYR-322 25 mg proposed commercial tablet 26410021
SYR-322 125 mg phase 3 tablet K074
SYR-322 25 mg phase 3 tablet SK071

Page 30 of 156



20

Mean Plasma Concentration (ng/mL}

A = 5YR-322 12.5 mg
e-e-e phase 3 tablet(n=35) 1102
ool

2 25 m
blet {:\236]

= 5YR-322 12.5 mg
ommercial tablet (n=34)

Mean Plasma Concentration (ng/ml)

0 € 12 18 24 30 36 42 48 34 €0 66 72 0 & 1z 18 24 30 36 42 43 54 80 88 72
Time (hours) Time (hours)
Figure 17 Mean plasma concentration-time profiles following 12.5 mg (left) and 25 mg (right)
administration.
Table 13 alogliptin PK parametersfollowing 12.5 (upper) and 25 mg (lower), and GMR
(test/reference)
Arithmetic Mean (%0CV) LS Mean (a)
Treatment B: Irse‘;;%ne;t“B: Treatment A:
SYR-31212.5mg Treatment A: 12 q' - SYR-321 Ratio T/R-100
Proposed  SYR-322125mg % 125mg ;‘E‘;fo a
Parameter Commercial Phase 3 Tablet (R) _ roposed Phase 3 ( D) (a)
- Tablet (T) Commercial -y Ry
(units) Tablet (T)
Plasma =33 n=33 n=33 n=33
AUC(D-tlqe) (nghe/ml) 76884 (17.639) 73998 (19.118) 736.90 746.64 101.37 (99.67, 103.10)
AUC(0-inf) (nghr'ml)  819.80(17.282)  B10.56(19.029) 807.61 796.49 101.40 (99.62, 103.20)
Cmax (ng/mL) 53.45(30.390) 6031 (33.996) 51.12 57.31 8920 (81.92, 97.14)
Tmax (hr) (b) 1.50 (0.500, 6.000) 1.50 (0.300, 6.000) 1.30 1.50 —
CLF (L'hr) 13.67 (16.422) 15.92(17.257) — — —
Urine =33 n=33
Ae(0-24) (mg) 4.76 (24.274) 5.06 (28.017) — — —
CLr (L'hr) 8.79 (26.601) 938 (33.879) — — —
Fe () 38.09 (24.274) 4049 (28.017) — — —
Sources: Tables 15.2.1.2. 15.2.1.7. and 15.2.1.12,
— =not applicable, T=test treatment, R=reference treatment.
(a) Ratics and confidence intervals are presented as percentages.
(b} Tmax 15 presented as median (minimum masimum); P=0.449.
Arithmetic Mean (%CV) LS Mean (a)
Treatment D: Treatment C:  Treatment I: Treatment C: Ratio T/R-100
SYR-31225mg SYR-32225mg SYR-322 SYR-322 (90% CT) (a)
Proposed Phase 3 Tablet (R) 25mg 25 mg
Commercial Proposed Phase 3
Parlameter Tablet (T) Commercial Tablet (R)
(units) Tablet (T)
Plasma n=36 n=36 n=36 n=36
AUC{0-tlge) (ng-he/ml) 144703 (14,9047 144135 (15.478) 143156 142456 100.49 (98.64, 102.38)
AUC(04nf) (nghoml) 153032 (15.418) 152536 (16.330) 151290 1503.58 100.49 (98.73, 102.28)
Cmax (ng'ml) 12577(20.051) 11863 (23.067) 12095 11547 104.75 (98,50, 111.38)
Tmax (hr) (b.c) 1.00 (0.500, 6.017) 1.00 (0.500, 6.000) 1.00 1.00 —
CLT (L'hs) 16.72 (13.727) 16.83 (17.297) — — —
Urine =35 n=35
Ae(0-24) (mg) 8.81(31.998) 8.67 (36.979) — — —
CLr (L) B.41 (36.444) 8.13 (40.010) — — —
Fe (4) 3523 (31.998) 34.67 (36.979) — — —

Sources: Tables 15.2.1.2, 15.2.1.8, and 15.2.1.12.

— =not applicable, T=test treatment, R=reference treatment.

(a) Ratios and confidence intervals are presented as percentages.
(b} Tmax 15 presented as median (nummupm. maximun).

() P=0.162

Page 31 of 156



Reviewer’s Comments:

e The sponsor proposed 6.25 mg for patients with severe renal impairment. There was
no major clinical pharmacology study to evaluate the commercial 6.25 mg strength. A
biowaiver should be requested for the approval of 6.25 mg.

e The washout period appears to be reasonable considering more than 5 half-lives.
Terminal half-lives (CV) of alogliptin were 19.907 (19.4%), 20.012 (15.8%), 20.220
(18.2%), and 19.473 (16.8%) hours for Treatment A, B, C, and D, respectively.

4.2.2 Study SYR-322-014 (Mass balance study): A phase 1, open-label mass balance
and excretion study of ['*C]SYR-322 following oral administration in healthy
male subjects (n=8)

Methods: Subjects received alogliptin 25 mg aqueous solution containing 100 uCi of **C
under an overnight fasting condition. Blood samples were collected up to 120 hours post-
dose. Urinary and fecal excretion samples were collected up to 15 days to obtain at least
90% radioactivity recovery. Alogliptin and its metabolite (M1) pharmacokinetics were
estimated using the non-compartmental method.

Results: The mean recovery of radioactivity was 88.53% (75.59% in urine and 12.94% in
feces) (Figure 17). Alogliptin was the major component in urine and feces (95% and
88% of total radioactivity, respectively). About 68% of the administered dose of '*C was
excreted in the urine as alogliptin by 120 hours post-dose and 56.8% of total radioactivity
was recovered in 24 hours.
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Figure 18 Mean cumulative profiles of urinary and fecal excretion of radioactivity following

25 mg alogliptin containing 100 uCi of *C
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Metabolite exposure was less than 1% of alogliptin exposure (Figure 19 and Table 14).
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Source: Figure 15.2.1.1. Source: Figure 15.2.2.1.
Figure 19 Plasma concentration-time profile of alogliptin (left) and its metabolite (right)
following 25 mg oral solution
Table 14 Phar macokinetic parameters for alogliptin and its metabolite following 25 mg oral
solution
SYR-322 SYR-322 M-I
Arithmetic Mean  Geometric Arithmetic Mean Geometric
Paramerer (units) n (%CV) Mean n (% CV) Mean
Plasma
AUC(0-tlge) (ng-hr'mL) 8 1436.25 (13.467) 144437 7 1249 (63.718) 10.26
AUC(0-inf) (nghr/mL) 8 1505.97 (13.315) 1493 74 6 22.26 (88.231) 17.20
Cmax (ng/mL) 8 100.1(21.9) 07.9 7 0.5 (37.5) 0.4
Tmax (hr) () 8 2.00(1.000,3.000) — 7 3.00 (1.000, —
24.0000
T1/2 (hr) 8 25.61 (43.90) _ 6 37.66 (96.422) _
MRT (h) 8 2272 (23.534) — 6 $5.15 (92.87) —
CL/F (Lihr) 8 16.88 (14.470) — —
Vz/F (L) 8§ 60061 (40.334) _ _
Ae(0-120) (mg) 8 16.74 (9.116) — 7 0.25 (44.988) —
Source: Table 15.2.1.2.
— =not applicable.

(a) Tmax is presented as median (minimum, maximum).
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There was no significant radioactivity accumulation in blood cells (Table 15 and Table
16).

Table 15 Radioactivity concentration ratios in whole blood:plasma and whole blood:red
blood cells
Collection Time ‘Whole Blood:Plasma Ratio Whole Blood:Red Blood Cell Ratio
N=§ N=8
Mean (SD) Mean (SD)
025 0.850 (—) —
05 0.854 (0.065) —
0.75 0.874 (0.048) —_
1 0.882 (0.053) _
1.5 0.857 (0.048) _
2 0.876 (0.048) 111 (0.04)
3 0.856 (0.028) —
4 0.866 (0.055) _
6 0.920 (0.040) 1.06 (0.03)
8 0.803 (0.034) —
12 0.914 (0.027) 1.16 (0.06)
16 0.026 (0.046) _
24 0.018 (0.084) _
Source: Appendix 16.6: Covance Radioactivity Report, Tables 5 and 6.
— = not applicable.
Table 16 Whole blood and plasma phar macokinetic parameter s based on radioactivity
Whole Blood Plasma
N=8 N=8
Arithmetic Geomefric Arithmetic Geometric

Parameter (units) Mean (%CV) Mean Mean (%CV) Mean
AUC(0-tlgc) (ng Eq-hr/mL) 141843 (13.742) 140765 1816.07 (22.191) 1778.01
Cmax (ng Eg/mL) 131.15(21.778) 128.36 150.88 (22.163) 14771
Tmax (hr) (3) 2.00 (1.000, 6.000) — 2.50 {1.000, 3.000) —
Source: Table 15.2.1 4,
— = not applicable.

(a) Tmax is presented as median (minimum, maximum).

Reviewer’s Comments:

The following major conclusions are acceptable.

e The mean total radioactivity recovery of 88.53% is close to the target recovery (90%)
with low variability (CV of 2.3%).

e Alogliptin major elimination pathway is the urinary excretion with 68% of dose
recovery in urine as alogliptin.

e The metabolite exposure is insignificant compared to that of alogliptin.
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4.2.3 Study SYR-322-014 (Single dose pharmacokinetic study): A randomized, double-
blind, placebo-controlled, single-dose, dose-ascending study of the safety,
tolerability, and pharmacokinetic and pharmacodynamic effects of SYR110322 in
healthy volunteers

Methods: Subject received 25 mg, 50 mg, 100 mg, 200 mg, 400 mg, or 800 mg as a
combination of 25 mg, 100 mg and 200 mg capsule(s) following an overnight fasting
condition. Blood samples were collected up to 72 hours for alogliptin and its metabolite
in plasma and urine. Pharmacokinetics and pharmacodynamics (ex vivo DPP IV
inhibition and plasma GLP-1 levels) were assessed using the non-compartmental analysis.
A power model used for the dose proportionality assessment:

Log.(parameter) = a + b*Log.(dose) + error; where, a is the intercept and b is the slope.

Results: Mean alogliptin concentration-time profiles, mean DPP-4 inhibition-time
profiles and mean GLP-1-time profiles are shown in Figure 20 and Figure 21.
Pharmacokinetic and pharmacodynamic parameters are summarized in Table 17 and
Table 18. The sponsor concluded that alogliptin exposure was linear to doses but AUC
and Cmax did not meet the statistical proportionality criteria because 90% confidence
interval of slope did not include 1; 1.010-1.095 for AUCy and 1.150-1.278 for Cmax
(Table 19).

Conventional Emax model characterized well the relationship between DPP-4 inhibition
and plasma alogliptin concentrations (Figure 22). The sponsor estimated exposure of
both N-acetylated metabolite (M2) and an optical isomer ((S)-SYR-322) in plasma and
M2 in urine (001 Addendum for the post-hoc analysis). Plasma exposure of M2 was 2%
to 4% of alogliptin exposure and the urinary excretion of M2 was 2% to 5% of alogliptin.
The plasma exposure of (S)-SYR-322 was 0.7% of alogliptin exposure following 800 mg.
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(ng/rmL}

3
3
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C=28mg O=s0mg A=ioomg *=200mg *=a00mg O=a00mg

Figure 20 Mean alogliptin plasma concentration-time profiles by doses

Page 35 of 156



-z
- Z
- o =
A o E
-

-8 =0

- Fizeeo

Time (e} T
Figure21 Phar macodynamic measures. ex vivo plasma DPP-4 inhibition over time (left) and
plasma GL P-1 changes from the baseline over time (right)

Table 17 Alogliptin phar macokinetic parameter s following 25, 50, 100, 200, 400, or 800 mg
Arithmetic Mean (2CV)
Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
15 mg 50 mg 100 mg 200 mg 400 mg 800 mg

Parameter (units) N=5 N=5 N=5 N=5 N=5 N=5
Alogliptin Plasma
AUC(0-inf) (nghr'ml) 1327 (10.3) 3139(214) 5040 (15.3) 13711 (1300 22816 (14.6) 49395 (6.5)
Cmax (ng/ml) 110{23.7) 156 (24.6) 483 (26.9) 1548 (23.4) 3096 (28.2) 6994 (13.3)
Tmax (hr) (a) 2.0(0.30,2.00) 2.0(2.00,2.00) 2.0(0.50,2.00) 2.0(050,2.00) 1.0(1.00, 2.00) 1.0(1.00, 1.00)
T1/2.z (hr) 214(20.8) 18.1(10.2) 16.4 (19.3) 16.5 (10.0) 16.6(12.8) 12.4(14.2)
CL/F (L'hr) 12.0(11.5) 16.5(19.0) 20.3 (18.6) 148 (13.4) 17.8(12.7 16.2 (6.3)
Alogliptin Urine
Ae(0-72) 16 (6.3) 30(54) 65 (10.6) 142 (1.68) 260 (16.0) 5330240
Fe%a(0-72) 63 (6.3) 60 (5.4) 65 (10.6) T1(1.6) 67 (16.0) 67 (24.2)
CLr (Lih) 12.1(14.5) 9.8(20.3) 13.1(13.5) 10.5 (12.8) 12.1(21.1) 10.9 (27.6)

Sources: Study 001 and Study 001 Addendom.
(a) Tmax is presented as median (minimum, maximnm).

Table 18 Phar macodynamic parameters: ex vivo DPP-4 inhibition (upper) and baseline
corrected GLP-1 (lower)
Arithmetic Mean (%0CV)
Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
25 mg 50 mg 100 mg 200 mg 400 mg 800 mg Placebo

Parameter (units) N=5 N=3 N=5 N=5 N=5 N=5 N=6
DPP-4 Inhibition

Emax (% inhibition) 933 (1.5)  964(0.71) 972(071) 983(02) 982(02)  988(D1) 122(70.0)
Tmax (br) (a) 20(05,20) 20(1.0.20) 2.0(1.0,2.0) 30(1.0,3.1) 3.0(20,30) 2.0(2.0 4.0)60(20 72.0)

E24 (% inhibition) 743(24)  844(34)  895(1.6)  S41(04)  945(07)  9T0(0.1) -3.0(-140.7)
ET2 (%inhibition)  47.5(28.5)  609(34)  653(121) 77826  760(60) 83041} 4.0(2132)

GLP1 (b)
AUE(0-1) (pMD) 196.8(85.8) 154.7(592) 1969(57.0) 252.6(200) 2402(57.7) 1972(574) 64.7(119.9)
Emax (pM) 142(873)  84(353) 140(774) 13.0(72.0) 122(212)  152(504) 47(87.5)

Sowrces: Study 001 and Study 001 Addendum.
(a) Tmax is presented as median (minimum maximom).
(b) Baseline-corrected active GLP-1 levels.

Table 19 Results of dose proportionality assessment using a power model: alogliptin
(SYR110322) and its metabolite (SYR110324)
Parameter Parameter Slope Standard o0t CI P value
Error
SYR110322 AUC,, 1.032 0.025 1.010-1.003 0.046
AUC, . 1.033 0.026 0991-1.078 0185
Come 1.214 0.038 1.150-1.278 =0.001
SYR110324 AUC,., 1.308 0.230 0916-1.699 0.192
AUC, . 0.855 0.166 0.571-1.140 0.393
Cre 1.223 0.142 0.982-1 465 0.127

Source: Table 1423

Page 36 of 156



100
n ﬁ.’tﬁ'_""""
= 80
2 [t 100
£ ! § ot
i) T £ o4 ’
T H T i
=] & /
p s 40 T /
E
E 40 ——| 8
c_"g r B0 ey } 4
o I 0.1 1 10 100 1000
: . Alogliptin Plasma Concentration {ng/mL)
20 H e
0 200 400 600 800
Alogliptin Plasma Concentration (ng/mL)
Figure 22 Plasma DPP-4 inhibition vs. alogliptin plasma concentration following single doses

Reviewer’s comments:

Alogliptin pharmacokinetics is linear with doses but not proportional to doses based on a
statistical perspective in a power model. Alogliptin exposure increased more than
proportional to doses but the degree of increase was not significant (Figure 23).
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Figure 23 Alogliptin AUC or Cmax vs. doses
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4.2.4 Study SYR-322-CPH-001 (Single dose pharmacokinetic study in Japan): A
double-blind, randomized, placebo-controlled, parallel group study to assess the
safety, tolerability, pharmacokinetics, and pharmacodynamics of single dose of
SYP-322 in an ascending dose regimen in healthy male subjects

Methods: The Japanese subjects received single dose of alogliptin (6.25 mg, 12.5 mg, 25
mg, 50 mg, 100 mg as 2x50 mg tablets, or 200 mg as 4x50 mg tablets) following an
overnight fasting condition. Plasma pharmacokinetics and urinary excretion of alogliptin,
its metabolites, and an optical isomer was estimated. DPP-4 inhibition and plasma GLP-1
was measured as pharmacodynamic endpoints. Pharmacokinetic and pharmacodynamic
parameters were estimated using non-compartmental analysis. PK/PD relationship was
assessed using a conventional direct model with simultaneous fitting of plasma alogliptin
concentrations to 2-compartment model and the DPP-4 inhibition to a sigmoid Emax PD
model. Both of a power model and ANOVA for dose normalized exposure were used for
the dose proportionality assessment (power model: Log.(parameter) = a + b*Log(dose) +
error; where, a is the intercept and b is the slope).

Results: Single dose alogliptin and its metabolite pharmacokinetic and pharmacodynamic
parameters are summarized in Table 20 and Table 21. Alogliptin pharmacokinetics after
multiple doses was simulated using a two-compartmental model and steady-state was
reached by day 5 according to the prediction by the modeling. The values of ECs, for
DDP-4 inhibition were estimated to be ranging from 1.350ng/mL to 2.818 ng/mL of
alogliptin in plasma. The ECsy for baseline corrected GLP-1 AUCy,4 was 786.41
ng*hr/mL of alogliptin AUC (Figure 24). Alogliptin exposure was linear to doses.
However, dose-exposure relationship did not meet the proportionality because 90% CI of
slopes did not include 1; slopes (90% CI) of 0.942 (0.917-0.967) and 1.074 (1.018-1.129)
for AUC and Cmax, respectively (Table 22). ANOVA results indicate dose-exposure is
proportional between 25 mg and 200 mg (Table 23).

Table 20 Alogliptin pharmacokinetic and pharmacodynamic parameters following single
dosesin Japanese
Arithmetic Mean (SD)
Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
Parameter 6.25 mg 1.5 mg 25 mg 50 mg 100 mg 200 mg
{units) N=7 N=8 N=8 N=§ N=§ N=§

Plasma
AUC{0-inf) 460.30 (29.944) 850.88 (95.000) 1604.63 (178.002) 2996.96 (384.016) 5768.30 (920.316) 12417.14(747.163)
(ng-he/mL)

Cmax 52(16.104) 96.50(20.128)  193.25(32.473) 44800 (95.247) 1013.88 (488.308) 2019.63 (514.644)
(ng/mL)

Tmax (hr) (a) 1.5(0.75, 2.00 10(05. 1.5 1.25(0.753, 1.5) 1.25 (0,75, 1.5) 0.875(0.5,2.0) 0.875(0.5,1.25)
T1/2 (hr) 21.80(2.183) 16.66 (2.398) 17.13 (1.966) 1429 (1.371) 13.40 (1.708) 12.66 (2.318)
Urine

Fe%a(0-72) 61.575 (11.487) 68353 (4.5159)  &67.771 (2.4728) 77.391(4.3327)  TB.465 (B.8496) 72.360 (6.4295)
CLr (L/'h) 8.64 (1.651) 10.19 (1.648) 10.70 (1.298) 13.10(1.518) 13.83 (2.287) 11.71 (1.245)

Source: Smdy CPH-001.
(a) Tmax is presented as median (mininmm, maxinon).
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Table 20 (continue)

Arithmetic Mean (SD)

Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
Parameter (units) .25 mg 11.5 mg 25 mg 50 mg 100 mg 200 mg Placebo
DPP-4 Inhibition N=§ N=§ N=8 N=5 N=8 N=8 N=10
Emax 88.01(3.153) 93.15(1.694) 9638 (0.648) 98.52(0.327) 99.08(0433) 99.20(0.120) 16.03 (4.252)
(%0 inhibition)
E24 (%o inhibition) 64.73 (5.818) 70.26 (6.099) B0.65 (1.932) B83.54(2.933) 90.68(1.302) 94.23(0.845) 1.84 (4.703)
E72 (%0 inhibition)  27.78 (7.160) 34.38 (13.546) 33.76 (7.681) 58.94 (8.484) 69.69(4.233) 74.35(6.352) -0.65 (5.916)
GLP-1 (b) N=8§ N=8 N=8 N=§ N=8 N=8 N=11
AUC0-24) 25.69(16.275) 38.42 (19.404) 54.89 (26.546) 40.78 (14.210) 59.52 (20.137) 61.01 (32.136) 10.03 (6.092)
(pM-WL)
Cmax(0-24) 3.66(1.48)  735(4.28) B44(304) 5040143 7342355 8340495  326(1.2%
(ML)

Source: Study CPH-001.
(a) Tmax is presented as median (minimum maxipm).
(b) Baseline-Cortected active GLP-1 levels.

Table21 Alogliptin metabolites and the optical isomer phar macokinetic parametersfollowing
single dosesin Japanese
Arithmetic M ean (SD)
Alogliptin  Alogliptin Alogliptin  Alogliptin 50 Alogliptin Alogliptin
Parameter  6.25mg 12.5mg 25mgN=8 mgN=8 100 mg N=8 200 mg
(units) N=7 N=8 N=8
Plasma
M-I
AUC(0-72) 2.08 5.65 13.39 (9.926) 19.63 57.66 93.94
(ng-hr/mL) (2.661) (2.760) (7.065) (31.205) (44.093)
Cmax 0.11 0.25 0.50 (0.441)  1.15(0.457) 4.44 (2.871) 7.01
(ng/mL) (0.069) (0.120) (3.017)
T1/2 (hr) 59.343 38.1361 56.5176 21.2264 17.7644 16.3781
(17.89051) (18.07645)  (55.41416) (2.61390) (1.91234) (2.78911)
M-Il
AUC(0-72) 10.76 26.81 75.26 101.16 216.25 535.69
(ng'hr/mL) (4.883) (6.606) (27.170) (38.388) (75.972) (171.599)
Cmax 1.34 291 7.69 12.89 31.10 62.15
(ng/mL) 0.577) (0.544) (2.454) (5.288) (13.983) (16.967)
T1/2 (hr) 5.9274 7.8524 11.7501 10.5054 14.9144 12.0213
(1.3839) (2.6232) (3.3094) (3.1461) (6.3089) (3.1848)
(9)-SYR-322
AUC(0-72) 15.26 24.04
(ng'hr/mL) (3.4) (4.905)
Cmax 1.91 2.98
(ng/mL) (0.788) (0.625)
14.2726 11.4244
T172 (hr) (43542)  (3.4216)
Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
6.25 mg 12.5mg 25mgN=8 50 mgN=8 100 mg 200 mg
N=7 N=8 N=8 N=8
Urine
FeY% (0-72)
M-I 0.361 0.470 0.616 0.600 1.060 0.788
0.252) (0.2022) (0.5658) (0.2378) (0.5605) (0.3784)
M-I 2.459 2.928 3.458 2.864 2.845 3.094
0.9761) (0.8638) (0.8502) (1.1449) (0.8058) (0.8234)
(9)-SYR- 0.278 0.211 0.116 0.259 0.303 0.310
322 (0.0587) (0.0344) (0.0169) (0.0387) (0.0453) (0.0273)
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Table 22 Assessment of dose proportionality using a power model
Power Model 3.1.8.1.1_1
_ B Point 95% CI 90% CI
Dependent ¥=AxDOSE estimate Lower Upper Lower Upper
AUCinfE A 78.315 70.021 87.590 71.336 85.976
(ng-hr/mL) B 0.942 0.912 0.971 0.917 0.967
Power Model 3.1.8.1.4_1
— N Point ] 95% CI 90% CI
Dependent ¥=AxDOSE estimate Lower Upperxr Lower Upper
Cmax (ng/mL) A 6.506 5.054 8.373 5.271 8.029
B 1.074 1.007 l.141 1.018 1.129
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Table 23 (continue)

3,1.5.1.4

rasameber Fair of Broaps’ Falak . P58 1" pow o1 6% T ' 0% 01
k B Estinate’?  Lawer Dppar Lowar Opper 4.5 1 1.5 2 .5 1 1.8 ]

Coaxirg/eL) E.38 12,8 [ .70 1,347 0.7 1.13% [ ]
5.15 13 80T B.713 1.259 B.T44 H.301 o | | ==
.25 7] 1.4490 2020 1,480 0.RED T.d83 F=t— —
.38 RL L] 1.148 a.083 1,537 0308 1456 o H=—
.35 0@ 1.320 B.917 1.52% o952 1847 e H—pe—
15.5 5 i.0i0 . BUTET 1,328 B.8E3 1.171 | . | =]
11,8 L 1.183 LR 1.533 0.335 1064 _—— i

. A1.E e 1,325 2.930 1.614 03T 1541 H—— H—p——ri
115 200 1,381 a.uee 1.714 1.034 1.837 e L
25 .13 1.483 .875 1.617 0516 1448 Fp-—1 H*—
5 10E 1.343 @931 1,598 D.sEd 1838 —— F—e—
H3 200 1,308 4.078 4,857 1.004 1,671 —n— —H—i
59 e 1.053 S.TFF . L30T 0817 1.325 F—— =
50 BT 1.11% % T 1] 1.4T1 b.aED 1. 887 re— H—
193 200 1.063 @807 1.388 D84t 1.337 ] ——
T o0 s D (g
*2:Rabls of doas - OoTmalieed PE paransbers batwsen & asd & (ROL
The antilogs of bbs Polot Is s and the Iotecvals obbaieed wera presssbted.

Reviewer’s comments:

Alogliptin pharmacokinetic and pharmacodynamic parameters were comparable between
US study (001) and Japanese study (CPH-001) and there was no significant difference in
study designs between the studies (Figure 25). It indicates that there is no apparent ethnic
difference between Japanese and US (primarily Caucasian) in alogliptin
pharmacokinetics and pharmacodynamics.

Metabolites and the optical isomer exposure were significantly lower than that of
alogliptin: 0.361-1.060% dose for M1, 2.459-3.458 % dose for M2 and 0.116-0.310%
dose for the optical isomer compared to 64.6-82.7% dose for alogliptin in urine.

Alogliptin AUC.i,r was slightly less proportional to dose in the Japanese study and the
AUC.ins was proportional to dose in US study. Sample size may play a role for the
difference; n=>5 for US study and n=8 for Japanese study
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Figure 25 AUC vs. dose (left) and DPP-4 inhibition vs. AUC (right)
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There was no apparent hysteresis between alogliptin plasma concentrations and DPP-4
mhibition and it indicates that there is no delay for the alogliptin inhibition on DPP-4. In
addition, clear maximum inhibition was observed (Figure 26).

. igéf w: ,,J{". |

- 50 %
3 ¥ o ¢
304 :
f o
24
10
o
-10
'u'-ID 2 3 s ‘6'70 2 3 S8 10‘10 2 3 58 “;20 2 3 s “;BD 23 5 ‘U"D “;\D "Jllﬂ “;10 “;‘LD ‘o'D
POC ce
Figure 26 Relationship between alogliptin plasma concentrations (P.0C) and DPP-4 inhibition

(DPDRT) by treatment: open red circle — 6.25 mg, open triangle — 12.5 mg, closed
red — 25 mg, and close black circle — 200 mg in Japanese (CPH-001, left), closed red
circle — 25 mg, closed brown triangle — 800 mg, other symbols are intermediate
doses in Caucasian (001, right).

4.2.5 Study SYR-322-CPH-002 (multiple dose pharmacokinetic study in Japan): A
double-blind, randomized, placebo-controlled, parallel group study to assess the
safety, tolerability, pharmacokinetics and pharmacodynamics of multiple doses of
SYR-322 in an ascending dose regimen in healthy male subjects

Methods: Alogliptin pharmacokinetics were estimated following 25 mg, 50 mg or 100
mg (2x50 mg tablets) QD for 7 days in healthy Japanese subjects. Dose was administered
30 minutes before breakfast for 7 days. Blood and urine samples were collected as
follows. Pharmacokinetic and pharmacodynamic parameters were estimated using non-
compartmental analysis.

PK sampling

e predose, and 0.25,0.5,0.75, 1, 1.25,1.5,2, 2.5, 3,4, 6, 8, 12, and 24 hours post-dose
at Day 1,

e prior to dosing at Day 3, 4, 5, and 6,

e prior to dosing, and 0.25, 0.5,0.75,1,1.25,1.5,2,2,5,3,4,6, 8, 12, 24, 48, and 72
hours post-dose at Day 7

DPP-4 inhibition

e predose, 1, 2, 11, 15 and 24 hours post-dose at Day 1,

e prior to and 1 hour after dosing at Day 3, and 5,

e priorto, 1,2, 11, 15, 24, 48 and 72 hours post-dose at Day 7

Urine sampling

e 12 hours just before administration, 0 to 24 hours post-dose, at Dayl

e 0 to 24 hours post-dose at Day 2, 3,4, 5, and 6

e 0-24,24-48, 48-72 hours post dose

Page 42 of 156



Results: Alogliptin plasma concentration-time profiles and relationship between
alogliptin plasma concentration and DPP-4 inhibition are shown in Figure 27.
Pharmacokinetic and pharmacodynamic parameters are summarized in Table 24. There
was about 1.3-fold accumulation for both AUC and Cmax after 25mg QD (Table 25).
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Figure27 Alogliptin plasma concentration-time profiles (left) and alogliptin plasma
concentration-DPP-4 inhibition (right); red circle — 25 mg, brown triangle 50 mg,
and green square— 100 mg
Table24 Alogliptin phar macokinetic and phar macodynamic parameter s following multiple
doses
Arithmetic Mean (SD)
Dav 1 Day 7
Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin Alogliptin
Parameter 15 mg 50 mg 100 mg 15 mg 50 mg 100 mg
(units) N=6 N=8 N=6 N=6 N=§ N=6
Alogliptin Plasma

AUC(0-24) 1050062 (72.914) 2225353 (69.918) 5284.10 (644.348)1374.95 (128.181) 3052.40 (349.081) 6210.18 (399.603)
(nghs/ml)

AUC(0-inf)  1280.83 (118.769) 2678.68 (243.741) 6102.92 (670020 N/A N/A NA
(ng-hs/ml)

Cmax 142,83 (21.830) 317.88 (115.782) 876.67 (236.387) 180.17 (17.747) 431.50 (114.424) 1069.83 (198.003)
(ng/mL)

Tmax (hrja)  1.125(0.50,20) 1.25(0.75.4.0) 0.875(0.75.2.0) 1.00 (0.75.1.50) 0.750 {0.75. 2.00) 0.875 (0.75, 1.50)

T1/2 (ht) 10.05 (1.190) 62 (2.234) 9.06 (0.628) 17.10(3.641) 16.99 (1.323) 14.84 (2.544)
Alogliptin Urine
CLr (L/h) 13.43 (2.412) 13.53 (1.370) 12.27 (1.204)| 13.60(0.976) 12.39 (1.354) 13.52(1.871)

Sowrce: Study CPH-002.
N/A=Not applicable.
(a)Tmax 1s presented as median (ounimum, maxinmm).

Arithmetic Mean (5D)

Day1 Day 7

Alogliptin | Alogliptin | Alogliptin Alogliptin | Alogliptin | Alogliptin
Parameter 25 mg 50 mg 100 mg Placebo 25 mg 50 mg 100 mg Placebo
(units) N=8 N=8 N=8 N=6 N=8 N=8 N=3 N=6
Emax(0-24) 9581 97.24 0838 377 96.20 07.84  |98.60(0.532) 4.62(1.664)
(%einhibition) (0.790) (0.832) (0.292) (2.594) (0.460) (0.233)
Tmax(0-24) 1.0(1.2 1.0(1.2 1O 2) 15.0(11. 24 10(1.2 1.0(1.2) LO(L2Y 150(0.13)
) (a)
E24 7965 (0.9500) 85.75 (2.663) 89.79 (2.290) 1.37 (3.638)83.50 (1.429)(88.36(2.242)191.96 (2.339) 1.93(1.389
(%oinhibition)
E72 N/A N/A N/A N/A 6215 (3.867) 66.45 (7.050)|71.00 (3.443) 0.73(2.331)
(Yoinhibrtion)

Source: Study CPH-002.
N/A=not applicable.
(a) Tmax 15 presented as median (nunimem. maximon).
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Table 25 Accumulation ratios

Fakia Fud
95% Confidence

Sumaazry Statlistics

Variable Treatment Interval
N Mean 5D 5E Min QL Median 03 Max Lower  Upper

R{AUC) 25ag 6 1.313 0.1538 0.0624 1.13 1.206 1.315 1.3700 1.56 1.1530 1.4737
50y B 1.373 0.1530 0.0541 1.23 1.265 1.315 1.470 L.65 1.2446 1. 5004

1lo0ag 6 1.18% 0.11%9 0.0473 1.0 1.160 1.170 1.210 1.38 1.0634 1.3066

R{Cmax} 25mg & 1.265 0.217L 0.0886 1.03 1.080 L1.265 1.500 1.57 1.05T71 1.5129
S0mg B 1.486 0.5753 0.2034 O.B4 1.085 1.255 1.965 2.44 1.0053 1.9G672

1lo0ag 6 1.285 0.4334 0.1765%  0.53 0.940 1.220 1.290 2.11 0.8302 1.73%8

AL[AUC) 25ng & 1.077 0.1152 0.0470 0.58 1.000 1.040 1.110 1.29 ©.9558 1.1975
50mg 8 1.139 0.0624 0.0221  1.04 1.120 1.130 1.155 1.26 1.0866 1.1909

. 1o0ag 6 1.023 0.0B98 0.0367  0.50 1.010 1.010 1.030 1.1 0.9291 1.1176
AT(T1/2)% 25ng & 1.136 0.1886 0.0770 0.53 1.040 1.065 1.290 1.44 0.9404 1.3383
Slmg -] 1.101 0.2443 0.0B64 o.B4 1.005 1.050 1.005 1.87 0. 8970 1.3055

i

1.020 0.1166 0.0477  0.66 0.940 1.015 1.110  1.16  0.8974 1.1436
* T1/2 were estimated from data up to 24hrs on each day

42.6 Study SYR-322-002 (multiple dose pharmacokinetic study in T2D): A
Multicenter, Randomized, Double-Blind, Placebo-Controlled Repeat-Dose Study
to Determine the Safety, Pharmacokinetic and Pharmacodynamic Effects, and
Efficacy of SYR110322 in Patients with Type 2 Diabetes Who are Either Newly
Diagnosed or Managed with Diet and Exercise Alone for the Past 3 Months

Method: The subjects received 25mg , 100 mg and 400 mg once daily for 14 days before

breakfast. Pharmacokinetic blood samples were collected on Days 1 and 14 prior to

dosing (0 hour) and at 0.5, 0.75, 1, 1.25, 1.5, 2.5, 4.5, 6.5, 8.5,10.5, 10.75, 11.0, 11.25,

11.5, 12.5, 14.5 and 24 hours after dosing. On Day 13, blood sample was collected prior

to dosing (0 hour) to obtain trough levels for assessment of steady state plasma levels.

Pharmacodynamic blood sampling was collected as follows:

e Day 1 and 14: Blood samples were collected predose (0 hour), and at 0.5, 0.75, 1.0,
1.25,1.5,2.5,4.5, 6.5, 8.5, 10.5, 10.75, 11.0, 11.25, 11.5, 12.5, 14.5, and 24 (Day 2)
hours after administration of study drug.

e Days 16, 17, and 21: blood samples were collected prior to dosing on Days 16, 17,
and 21.

Results: Alogliptin plasma concentration-time profiles and DPP-4 inhibition-time profiles
are shown in Figure 28 and Figure 29. Pharmacokinetic and pharmacodynamic
parameters are summarized in Error! Reference sour ce not found.. Exposure was
proportional to dose following multiple doses in T2D (Table 27).
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Figure 28 plasma concentration-time profiles (left) and DPP-4-time profiles (right); red for 25

mg, bluefor 100 mg, green for 400 mg and light bluein right for placebo.
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Figure29 Relationship between CP and DPP-4 inhibition in T2D following once daily; red
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Table 26 Phar macokinetic and phar macodynamic parameters on Day 14 following multiple
doses )

Alogliptin Geometric Mean Ratio T/R-100
Parameter (units) Daose N Dav 1 (R) N Day 14 (T) (90% CT) (a)
AUC{0-24) (nghr'ml)  25mg 13 1068 13 1430 134 (128, 140)

100mg 14 4801 14 6428 134 (128, 140)

400ms 15 15093 14 20207 134 (128, 140)
Cmax (ng/mL) 25mg 13 1357 13 1482 109 (99, 121)

100mg 14 5785 14 631.8 109 (99, 121)

400ms 15 2219 14 2423 109 (99, 121}

Arithmetic Mean (%CV)
Alogliptin 25 mg Alogliptin 100 mg Alogliptin 400 mg
Dav1 Day 14 Day 1 Day 14 Day 1 Day 14

Parameter (units) N=13 N=13 N=13 N=14 N=15 N=14
CLr (L'hr) 903 (31) 1049 (24) 10.06 (41) 1024 (41) 1523 (30) 1327 (33)
Fe (%) 4127 (29) 60.83 (22) 46.96 (30) 62.03 (32) 57.12(19) 63.38 (18)
Ae (mg) 10.32 (29) 15.2122) 46.96 (30) 62.93(32)  228.5(19) 253.5(18)

Source: Study 002,
F=reference treatment, T=test treatment.
(a) Ratios and CIs are presented as percentages.

Arithmetic Mean (%CV)

Placebo Alogliptin 25 mg Alogliptin 100 mg Alogliptin 400 mg
Parameter Day 1l Day 14 Day1 Day 14 Day1l Day 14 Day1 Day 14
(units) N=11 N=11 N=15 N=15 N=14 N=14 N=16 N=14
Emax 2334 2077 94.70 93.76 97.79 98.00 98.84 98.91
(%0 inhibition) (53.42) (68.44) (2.02} (7.01) (0.66) (0.61) (0.23) (0.28)
Tmax (hr) (z) 1.5 6.3 1.0 1.0 1.3 23 14 2.0

(0.5.24.0) (1.3.1435) (06125 (0545 (05,635  (0.8.4.6) (0.7.45) (035,64
E(24) -5.46 -13.57 7828 21.83 91.01 a4.00 95.70 96.70
(%0 inhibition)  {-323.42) (-349.18) (6.72) (10.95) (2.59) (2.41% (1.69) (1.09)
E(72) N/A -13.85 N/A 66.28 NiA 78.12 NiA 81.58
(%0 inhibition) (-332.100 (16.21) (12.00) (8.67)
E(168) N/A -13.67 N/A 20.54 NiA 4452 NiA 45.63
(%0 inhibition) (-348.24) (104.33) (46.28) (36.07)
Source: Study 002,
(a) Tmax is expressed as median (minimom, maximum).
Table 27 dose proportionality X
Analyte Parameter Slope 90% CI P value
SYR110322 In AUC,,. 0.0520 001-1.00 0.004
In Cops 1.0080 0.94-1.07 0.835

Source: Table 14.3.8.5
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427 Study SYR-322-004: An Evaluator-Blinded, Active- and Placebo-Controlled,
Multiple-Dose, Crossover Study to Assess the Effects of SYR110322 on the QTc
Interval in Healthy Subjects (additional pharmacokinetic information)

The subjects received 100 mg (2x50 mg tablets) or 400 mg (8x5 Omg tablets) once a day
for 6 days in the morning. Blood samples were collected prior to dosing (0 hour) and at
0.5, 1, 2,3,4, 6,8, 12, 16 and 24 hours postdose on Days 1 and 6. Additional blood
samples were collected within 30 minutes prior to dosing (0 hour) on Days 2 through 5 to
evaluate trough levels of SYR-322.

Alogliptin pharmacokinetic parameters are summarized in Table 28. A formal QT
analysis was not conducted for this study because of study design flaw.

Table 28 Phar macokinetic parameterson Day 1 and Day 6 following 100 mg or 400 mg QD
for 6 days
Arithmetic Mean (SD)
Dav 1 Dav 6
Alogliptin 100 mg Alogliptin 400 mg Alogliptin 100 mg Alogliptin 400 mg

Parameter (units) N=46 N=46 N=46 N=46
AUC(01) (ngho/mL) 5102 (1362.8) 21,752 (3379.1) N/A NA
AUC(0-inf) (nghr/ml ) 6277 (1804.3) 24,791 (6266.4) N/A N/A
AUC{0-24) (ng-hw/mL) N/A N/A 6184 (1419.0) 27.405 (12,109.4)
Cmax (ng/ml) 657.0 (183.00) 3104.1 (963.82) 7144 (225.22) 3592.2 (1329.69)
Tmax (hr) () 1.6 (0.58. 6.08) 0.6 (0.58, 6.08) 1.1 (0, 6.08) 0.6 (0.58, 4.08)
CL/F (L) 16.83 (3.607) 16.94 (3.513) 20.27 (26.684) 15.78 (3.430)
VzF (L) 252.7 (64.52) 220.3 (53.59) 307.9(217.44) 2199 (56.58)
T1/2.z (hr) 1043 (1.705) 9.01 (1.138) 11.63 (2.395) 0.63(1.2635)

Source: Study 004.
(a) Median (numnmm maxamnm).

4.2.8 Study SYR-322-019: A Single-Blind, Randomized, Parallel Trial to Define the
ECG Effects of SYR-322 Using a Clinical and a Supratherapeutic Dose
Compared to Placebo and Moxifloxacin (a Positive Control) in Healthy Men and
Women (additional pharmacokinetic information)

The subjects received 50 mg (1x50 mg) or 400 mg (8x50 mg) for 7 days in the morning.
Blood samples were collected predose and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12 hours
postdose on Days 1 and 7. In addition, blood samples were collected within 0.5 hours
before dosing on Days 5 and 6 for the measurement of trough plasma concentrations.

Alogliptin pharmacokinetic parameters are summarized in
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Table 29 Phar macokinetic parameterson Day 1 and Day 7 following 50mg or 400mg QD for

7 days
SYR-32250mg  SYR-311 400 mg SYR-31150 mg SYR-311 400 mg
Day 1 Day 1 Day 7 Day 7
Parameter {units) n=64 n=64 n=63 n=64
SYR-321
AUC(0-23.5) (ng'hr/mL) 2301.76 (13.902) 20161.56 (15.693) 290988 (13.844) 23646.49 (17.332)
Crmax (ng/mL) 269.77 (25.095) 279422 (26.664) 301.33 (22.835) 284406 (25.943)
Crmin(0) (ng/mL) -—- - 47.37(19.345) 28236 (26.964)
Trmax () (3) 1.10 (0.60-5.10) 1.10 (0.60-3.22) 1.10 (0.60-4.13) 1.10 (0.60-4.10)
CLE (Lhs) -—- - 17.51(13.733) 17.44 (18.501)
M-I
AUC(0-23.5) (nghe/mL) 17.75(65.137)  164.76 (66.703) 2033 (60.828) 212.60 (64.213)
Cmax (ng/mL) 1.22(71.713) 14.01 (68.933) 1.92 (64.857) 16.69 (66.598)
Cmin(0) (ng/mL) -— -— 0.75 (61.783) 4.24 (65.193)
Tmax (hr) (a) 3.10(0.60-8.10) () 2,10 (0.60-6.10) 3.100 (0.60-6.10) (2) 2,100 (0.60-6.15)

Source: Tables 153.2.1.3.

--— = not applicable.

(a) Median (minimum, maximumn).
(b) n=60.

(c) n=539.

4.2.9 Study SYR-322-022: A Phase 1, Single-Blind, Placebo-Controlled, Randomized,
Parallel-Group Study to Evaluate the Possible Effects of Age, Gender, and Race
on the Safety and Pharmacokinetics of Single and Multiple Doses of SYR-322 in
Healthy Adult Subjects

Methods: The subjects received 25 mg tablet once daily under overnight fasting condition
for 8 days (Table 30). Pharmacokinetic sampling schemes are summarized in Table 31.
Pharmacokinetics of alogliptin, its metabolites and optical isomer were assessed at Day 1
and Day 8. Alogliptin pharmacodynamics was assessed following the first dose. Age
range was 18 to 45 for young and 65 to 85 for elderly subjects. Alogliptin
pharmacokinetics were estimated 25mg QD for 8 days and the effect of age, gender and
race on alogliptin exposure was estimated using PK parameters at Day 8 with least square
mean ratio.

Results: LSM ratios by treatments are shown in Figure 30 LSM  AUC by and
pharmacokinetic parameters and LSM ratios are summarized in Table 32.

Major conclusions were as follows:

e Elderly subjects had 28% higher in AUC.,4 than that of young subjects and Cmax in
the elderly subjects was not significantly different to that of young subjects.

e  Women had 19% and 22% higher for AUCy.,4 and Cmax, respectively than those of
men.
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e White subjects had 28% and 20% higher for AUCy..4 and Cmax, respectively than
those of Black subjects.

e The sponsor concluded that the alogliptin PK changes in each sub-groups were not
clinically meaningful. Exposure of alogliptin metabolites were less than 4% of
alogliptin. Therefore, metabolites exposure changes were not considered clinically
important.

Table 30 Treatment groups

Population Number of Subjects
Treatment Group Age (a) Gender Race SYR-322 Placebo Total
1 Y oung Female Black & 2 3
I Elderly Female Black 5] 2 8
111 Young Male Black [V 2 8
IV Elderly Male Black 6 2 8
Vv Young Female White 5] 2 8
VI Flderly Female White ¥ 2 8
VII Young Male White 6 2 8
VI Elderly Male White 4] 2 8
Total — — — 48 16 o4

Black=Black or African American.
(a) Elderly subjects were 65 to 85 yvears of age, inclustve; young subjects were 18 fo 45 years of age,

inclusive.
Table 31 Samplesfor phar macokinetic and phar macodynamic assessment
Scheduled Time

Pharmacokinetics
(SYR-322, its Metabolites M-I and M-II, and the Pharmacodynamics

Study Day S-isomer of SYR-322) (DPP-IV Inhibition)

1 Predose (within (.25 hour prior to dosing) and 0.25, 0.5, 0.2.4. 8. and 12 hours
0.75,1.2,3.4. 6. 8, and 12 hours after Day 1 dose after Day 1 dose

2 16, 24, and 36 hours after Day 1 dose 24 hours after Day 1 dose

3 48 hours after Day 1 dose 48 hours after Day 1 dose

4 72 hours after Day 1 dose NA

6 and 7 Predose (within 0.25 hour prior to dosing) NA

Predose (within .25 hour prior to dosing) and 0.25, 0.5, NA
0.75,1,2,3, 4. 6. 8, and 12 hours after Day § dose

9 16 and 24 hours after Day 8 dose NA

NA=not applicable.

Table 31 (continue) Urine samples

Study Day Scheduled Time

-ltol From -24 to 0 hours before Day 1 dose

lto2 From 0 to 24 hours after Day 1 dose

2t03 From 24 to 48 hours after Day 1 dose

Jto 4 From 48 to 72 hours after Day 1 dose

Bto @ From 0 to 24 hours after Day 8§ dose
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Figure 30 LSM AUC by sub-groups
Table 32 Phar macokinetic parametersand L SM by sub-groups
n LS Mean
R T Young Elderly Ratio (T/R)-100
Analyte Parameter (units) R T (90% CI) (a)
Day 1
SYR-322 Cmax (ng/ml) 24 M4 146.0 133.0 104.8 (92.78. 113.38)
AUC(0-tlge) (nzhrml) 24 24 14171 1742.7 123.0(116.72, 129.57)
AUC(0-inf) (ng hr/mL) 23 23 14966 1896.0 126.7 (11969, 134.10)
SYR-322M-I(b) Cmax (ng/ml) 20 21 0.3 0.5 00.8 (63.79, 120.26)
AUC(0-tlge) (nghr/ml) 20 21 10.1 115 113.9 (61.32, 211.66)
SYR-322 M-I Cmax (ng/ml) 24 24 31 36 113.2(75.47, 169.83)
AUC(0O-tlge) (nghr/ml) 24 24 314 477 151.7(102.22,225.11)
AUC(0-inf) (ng-hr/ml) 22 19 387 65.0 168.2 (111.68, 253.44)
Day §
SYR-322 Cmax (ng/ml) 24 24 176.5 176.7 100.1 (B2.81, 111.39)
AUC(0-24) (ng-hr/ml) 24 24 13766 17612 127.9 (12084, 135 46)
SYR-322 M-I Cmax (ng/ml) 20 22 0.9 1.0 111.6(82.09, 151.80)
AUC(0-24) (ng-hr/ml) w22 12.7 16.7 131.6(95.62, 181.14)
SYR-322 M-I Cmax (ng/ml) 24 24 34 4.2 1237 (B4.25, 181 48)
AUC(0-24) (ng-hr/ml) 4 24 330 544 1648 (114.57,237.17)
B=reference group, T=test group.
(2) Ratios and Cls are presented as percentages.
() AUC{0-1nf) was not analyzed due to msufficient data.
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n L5 Mean
) . R T Male Female Ratio HIB]-IDH
Analyte Parameter (units) R T (90% CT) (a)
Day1
SYR-322 Cmax (ng'mL) 24 24 133.0 167.9 126.2 (110.86. 143.76)
AUC(0-tlge) (ng-he/'ml) 24 24 1469.8 1680.2 114.3 (108.12. 120.86)
AUC(0-inf) (ng-hr'mT) 22 M4 15783 17979 113.9(107.27, 120.96)
SYR-322M-Ib)  Cmax (ng/ml) 21 20 0.s 0.3 05.9(65.21, 140.93)
AUC(0-tlge) (ng-he'ml ) 21 20 11.3 10.3 90.5 (46.02, 177.89)
SYR-322 M-I Cmax (ng'mL) 24 4 32 35 112.0(72.69, 172.62)
AUC(0-tlge) (ng-he/ml) 24 24 36.5 410 112.4(73.79,171.24)
AUC(0-mf) (ng-hr/mT) 19 22 51.6 487 94.5(61.40. 14525
Day 8
SYR-322 Cmax (ng'mL) 24 4 159.9 195.0 122.0(108.65. 136.96)
AUC(0-24) (ng-he/'mL) 24 24 14247 1701.7 119.5(112.39, 126.95)
SYR-322 M-I Cmax (ng'mL) 2121 1.1 0.9 80.9(57.88. 113.12)
AUC(0-24) (ng-he/'mL) 21 21 16.1 13.2 81.6(37.39, 1153.5T)
SYR-322 M-II Cmax (ng/mL) 24 M 35 42 119.6 (79.45, 180.05)
AUC(0-24) (ng-he/'mL) 24 24 0.7 452 113.8(77.20, 167.71)
B=reference group, T=test group.

(a) Ratios and CTs are presented as percentages.
L) AUC(0-inf) was not analyzed due to insufficient data.

Pharmacokinetic Parameters of SYR-322 and its Metabolites M-I and M-II by Race:

n L5 Mean
_ ) r T DBPlack(a)  White Ratio (T/R)-100

Analyte Parameter (units) R T (90% CI) (a)

Day 1

SYER-322 Cmax (ng/ml) 24 4 1504 148.5 98.7 (87.20, 111.78)
AUC(0tlqe) (nzhriml) 24 24 14368 17188 119.6 (11342, 126.17)
AUC{D-inf) (ng-hr'ml ) 23 23 15185 1365.6 123.1(116.15, 130.38)

SYR-322M-I(b)  Cmax (ng'ml) 2120 0.5 0.6 131.6(91.91, 188.53)
AUC(D-tlge) (nzhr/mL) 21 20 78 14.9 190.3 (10132, 357.34)

SYE-322 M-I Cmax (ng/ml) 24 24 7 30 81.0(33.55.122.41)
AUC(0-tlqe) (nzhriml) 24 24 413 363 87.8 (58.74.131.34)
AUC(0-inf) (ng-hr/mlL) 23 18 475 519 111.3 (72.85, 170.01)

Day 8

SYR-322 Cmax (ng/ml) 24 24 1614 193.2 119.7 (107.17, 133.72)
AUC(0-24) (ng-hr/mL) 24 24 13760 1761.9 128.0 (120,80, 135.72)

SYR-322 M-I Cmax (ng'ml) 2220 0.8 12 1552 (113.55, 212.02)
AUC(0-24) (ng-hr/mL) 2220 112 18.9 168.1 (121.49, 232.50)

SYE-322 M-I Cmax (ng/ml) 24 24 4.0 36 88.5 (539.88. 130.88)
AUC(0-24) (ng-hr/mL) 24 24 431 417 6.7 (66.71. 140.04)

Black=Black or African American, R=reference group. T=test group.

{a) Ratics and Cls are presented as percentages.
() AUC(0-inf) was not analyzed due to insufficient data.
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Reviewer’s Comments:

There was a total of 8 treatment sub-groups for the effect of age, sex, and race on
alogliptin exposure (Table 30). The sponsor pooled sub-groups by age, sex and race. For
example, young Black men, young White men, young Black women, White women
groups were pooled for young age groups. However, there was statistically significant
effect of age (e.g., young White women vs. elderly White women), sex and race on
alogliptin exposure. Furthermore, there was interaction among age, sex and race. For
example, alogliptin AUC in elderly White women was 97% higher than that of young
White men and it may not induced from the pooled data analysis of apparent sex (28-
29%) and age (52-54%) effect on alogliptin exposure. Therefore, the sponsor’s pooled
data analysis is not acceptable. Age related alogliptin AUC increase (Figure 32) may be
related renal function decrease with age.
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Figure 31 Mean(SD) AUC (upper) and Cmax (lower) by study groups

Page 52 of 156



METAN: 1

3000

2500

2000

1500

AUC24

1000

500

T T T T T T T T
0 10 20 30 40 50 60 70 80
AGE

Figure 32 Alogliptin AUC vs. Age by sex (circlefor female and triangle for male)

4.2.10 Study SYR-322-006: An Open-Label, Parallel-Group Comparison Study of
Single-Dose Pharmacokinetics of SYR110322 in Subjects with Mild or Moderate
Renal Impairment and Healthy Volunteers

Methods: Subjects received 50mg tablet following an overnight fast except subjects
receiving hemodialysis for 2 hours fasting before dosing. Treatments groups were as
follows:

Group A: 24 healthy subjects (creatinine clearance [CrCl] > 80 mL/min)

Group B: 6 subjects with mild renal impairment (CrCl 51-80 mL/min)

Group C: 6 subjects with moderate renal impairment (CrCI 30-50 mL/min)

Group D: 6 subjects with severe renal impairment (CrCl <30 mL/min but not on dialysis).
Group E: 6 subjects with end-stage renal disease (ESRD) on hemodialysis with no or
negligible urine output.

Glomerular filtration rate (CrCl) was estimated using the Cockcroft-Gault formula:
CrCIl (mL/min) = ¢ * (140-Age(yrs)*Weight(kg)) / 72*Serum creatinine (mg/dL)
where ¢ = 0.85 for female and 1 for male subjects

Pharmacokinetic sampling scheme are summarized in Table 33. Pharmacokinetic
parameters were estimated conventional method including trapezoidal rule for AUC.
Exposure changes were assessed by LSM ratios.

Results: There was clear association between AUC and CrCl (Figure 33). AUCy was
increase by 69%, 108%, 219% and 281% in subjects with mild, moderate, severe and
ESRD, respectively, compared to that of healthy control subjects (Table 34). Cmax was
increased by 13%, 42%, 27%, and 32% in subjects with mild, moderate, severe and
ESRD, respectively, compared to that of healthy control subjects (Table 34). The sponsor
proposed dose adjustment based on renal function:

e 12.5 mg for creatinine clearance > 30 to < 50 mL/min,
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e 6.25 mg for creatinine < 30 mL/min

Metabolites exposure was significantly increased with renal impairment. However, it may
be clinically meaningful because that exposure was significantly lower than that of
alogliptin.

Table 33 Phar macokinetic sampling scheme

Pharmacokinetic Sample
Day Hour before and after dosing Plasma
1(a) Immediately before dosing (0 hour) andat 05,1, 1.5, 2,25, 3,

35,4,5,6. 8,10, and 12 hours after dosing X
2 24 hours after dosing X
3 48 hours after dosing X
4 72 hours after dosing X
5 96 hours after dosing X
6 120 hours after dosing X
g Approximately 168 hours after dosing X
14 Approximately 312 hours after dosing X
Day  Hour before and after dosing Urine (b)
1 Immediately before dosing and for the 0 to 12 hour interval after x
dosing
2 12-to-24-hour interval after dosing X
3 24-to-48-hour interval after dosing X
4 48-to-72-hour interval after dosing X
5 72-to-96-hour interval after dosing X
6 96-to-120-hour interval after dosing X

(a) Additional blood samples to evaluate plasma protein binding were collected at 1 and 4 hours after
dosing. For subjects receiving hemodialysis, arterial samples (from the outgoing line on the dialyzer) were
collected while subjects were on hemodialysis on Day 1 before desing and at 1, 2. and 3 hours (if the
subject was still on hemodialysis) after dosing. Additionally, for subjects receiving hemoedialysis, dialysate
samples were collected at 1, 2, and 3 hours after dosing and within 10 minutes before the end of
hemodialysis.

(b) Subjects on hemodialysis were excluded from the urine sample collection.

20000
18000 + =
M | Renal Function,
o 57 yrs -A- .DIITIE enal Ifl'l 1o,
—1 16000 + woman Mild Renal Impairment
.E_ '9- Moderate Renal Impaiment,
‘t. 14000 + == Severe Renal Impairment,
E‘ .f -@ ESRD
T 12000 |
g™
9 10000 + A 6lyrs
-:. °. man
| 8000 +
& o 9
g ooy ’O} o
1 (] i.h A [m]
4000 =] o
oo Tp o
2000 +
o
0 10 20 30 40 50 60 70 B8O 90 100 110 120 130 140 150 160
Creatinine Clearance (CrCL), mL/min
Figure 33 AUC,,vs. CrCl by renal status
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Table 34 Phar macokinetic parametersand LSM s

Arithmetic Mean Geomeiric Ratio (T/R) *100 (k)
(2 CV) Least Squares Means 90% CI (%) (c)

Parameter Mild Healthy Mild Healthy Impairment Group Difference
(units) N=6 N=6 N=6 N=6 (P-Value) (d)
AUC(D- tlge) 555408 3198.66 5348.65 3156.46 169.45 (134407, 213 488)
(ng hr/ml) (37) (11) 0.002
AUC(0-1nf) 573880 3261.24 5506.56 3216.02 171.175 (134.835, 217.310)
(ng.hr/ml) (39) (10} 0.003
Cmax 327.50 28583 31334 27822 112.622 (82.60. 153.553)
(ng/ml) (26) (29) 0.500
Tmax (hr) 1.667 1475 1.25(a) 0.68 (a) n'a

(75) (120) 0.368 ()
CL/F(L/hr) 053 1548 n'a n'a wa

(27) (11)
Vz/F(L) 540 41 62415 na n‘a n'a

27) (18)
T1/2(hr) 4041 27.89 na n‘a n'a

(12) (14

Moderate  Healthy DModerate Healthy

N=6 N=6 N=6 N=6
AUC(D- tlge) 613330 3108.60 6180.05 2078.05 207.822 (167.622, 257.664)
(ng.hr/ml) (22) (19) =0.001
AUC(0-1nf) 6369.03 317859 6430.03 3034.01 211932 (170.010, 264.192)
(ng hr/mL) 24) (19) =0.001)
Cmax 355.67 227.00 326.58 22960 142.230 (102.663. 197.071)
(ng/mL) 27) (30) 0.079
Tmax (hr) 1.50 1.58 1.25 (a) 1.25(a) n'a

{70) (61) =(.000 (&)
CL/F(L/hr) 821 16.19 n'a n'a na

(23) (18)
Vz/F(L) 465.21 501.57 na na n'a

(20) (18)
T1/2(hr) 40.01 2561 na n‘a n'a

(18) (17
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Arithmetic Mean

Geometric

Ratio (I/R) *100 ()

(% CV) Least Squares Means 90% CI (%) (c)

Parameter Severe Healthy Severe Healthy Impairment Group Difference
(units) N=6 N=6 N=6 N=6 (P-Value) (d)
AUC{0-tlge) 1142776 3547.25 11006.97 345508 318.573 (234.663, 432 488)
(ng hr/ml) (30) (26) =0.001
AUC{0-1nf) 12911.24 3614.01 12342 82 3521.24 350.524 (252.909, 485.816)
(ng hr/mL) (32) (25) =0.001
Cmax 31817 258.50 30012 24331 127.052 (87.500, 184.482)
(ng/mL) 25) (37 0.269
Tmax (hr) 2.67 1.67 2.75(a) 1.51(a) n'a

(38) (72) 0.259(e)
CL/F(L/hr) 430 14.43 na n'a n'a

(39) (209
Vz/TF(L) 357.89 466.42 na na na

(23) (33)
T1/2(hr) 60.92 23.12 na na na

(24) (3%

ESRD Healthy ESRD Healthy

N=6 N=6 N=6 N=6
AUC{0-tlge) 1183486 317787 11757.03 308051 380.547 (308.661, 469.174)
{ng.hr/mL}) (15) (25) =0.001
AUC{0-1nf) 15280.93 324262 15037.05 315458 476.674 (373.107, 608.990)
(ng.hr/mL}) (20) 24 =0.001
Cmax 265.50 203.67 261.87 198.84 131.702 (106.780. 162.441)
(ng/mL) (21) 22 0.039
Tmax (hr) 2309 250 2.00(a) 2.75(a) na

(43) (62) 0.871(e)
CL/F(L/hr) 342 16.15 n'a n'a n'a

27) (23)
VzE(L) 382.64 66145 n'a n'a n'a

(11) (23)
T1/2(hr) 8004 28.65 na na na

(16) (14)
Footnotes for Table 11 .a are on the following page.

Arithmetic Mean (% CV)
Mild Healthy Moderate Healthy
Parameter (units) N=6 N=6 N=6 N=6
Ae (0-120) (mg) 2082 (14 32.72{(12) 26.34 (36) 3031(13)
Fe (0-120) (%) 50.64 (14) 6544 (12) 52.68 (36) 60.62 (13)
CLs (L/hr) 5.74 (30) 10.14{17) 454 (53) 9.71(14)
Severe Healthy ESRD Healthy
N=6 N=6 N=6 N=6

Ae (0-120) (mg) 12,14 (34) 3053(0 na nfd
Fe (0-120) (%) 2428 (34) 61.05(% na n'd
CLr (L/hr) 0.99(31) 8.80(23) n'a n'd

Source: Table 15.2.5.1.
n/a=not available or not applicable.

n'd=not done.
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4.2.11 Study SYR-322-023: An Open-Label Evaluation of the Single Dose
Pharmacokinetics of SYR-322 in Subjects With and Without Hepatic Impairment

Methods: Subjects received 25 mg tablet following an overnight fasting condition.
Moderate hepatic impairment was defined by Child-Pugh classification system.
Pharmacokinetic blood sampling schemes are summarized in Table 35. Pharmacokinetic
parameters were estimated conventional method including trapezoidal rule for AUC.
Exposure changes were assessed by LSM ratios.

Results: Alogliptin exposure was decreased by 10% and 9% for AUCy, and Cmax,

respectively, in subjects with moderate hepatic impairment compared to those of healthy
control subjects (Table 36).

Table 35 Pharmacokinetic blood sampling
Plasma

Study Day Scheduled Time
1 Predose (at 0 hour) and 0.25, 0.5, 0.75. 1, 1.5, 2. 3, 4, 6. 8, 10, 12, and 16 hours postdose

2 24 and 36 hours postdose
3 48 hours postdose
4 72 hours postdose
urine Urine Sampling Schedule for SYR-322 and its Metabolite M-I
Study Day Scheduled Time
-1tol Predose
1to2 0 to 24 hours after the Day 1 dose
2t03 24 to 48 hours after the Day 1 dose
3tod 48 to 72 hours after the Day 1 dose
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Table 36 Phar macokinetic parameters
Alogliptin
Arithmetic Mean (% CV) L5 Mean
Moderate
Hepatic
Moderate Hepatic Impairment  Healthy
Impairment (T) Healthy (R) (T R) Ratio T/R-100
Parameter (units) =5 =5 =5 =3 (90% CT) (a)
SYR-322 Plasma
AUC(D-tlge)
(ng-hr/ml) 124063 (19.611) 1531.89(23.216) 128127 1424 .40 89.95 (7341, 110.22)
AUC(0-inf)
(ng-hr/ml) 1321.30(19.852) 1607.04 (22.848) 1362.28 1497.11 90.99 (74.19, 111.60)
Cmax (ng/mL) 110.23 (37.984) 139,60 (28.000) 113.52 12294 92,34 (68.27, 124.90)
Tmax (hr) (b) 2.00(0.730, 4.000)  1.30 (0.500, 2.000) .00 1.50 —
T1.2 (hr) 20.75(16.147) 18.32(12.194) — — —_
MET (hr) 21.90(16.614) 20.55(16.961) — — —
CL/F (L'hr) 19,63 (21.047) 16.26(22.435) — — —_
CL/F/70 kg (L'hr) 15.32(18.383) 14.81(21.099) — — —
VzF (L) 583.76 (24.547) 430.86 (25 480) — — —_
VzF/70 kg (L) 457.29 (23.604) 38001 (22.510) — —_ —
SYR-322 Urine
Fe(0-24) (%) 7.92 (29,532 4336 (24.701) — — —
Fe(0-48) (%) 7.70(28.297) 5226 (24.667) —_ — —
Fe(0-72) (%) 50.98 (28.424) 55.16(23.788) — — —
Ag(0-24) (mg) Q.48 (29532} 1084 (24.701) —_ — —
Ap{0-48) (mg) 11.92(28.297) 13.06 (24.667) — — —
Ag(0-72) (mg) 12,74 (28 424) 13.79(23.788) — — —

Source: Tables 13212, 15213 and 15.2.1.5.

T=test group=subjects with moderate hepatic impairment. R=reference group=healthy subjects.

(a) Ratios and Cls are presented as percentages.
(b) Tmax is presented as median (minimum. maximum). P=0.091.

Metabolite (M1)

Arithmetic Mean (% CV) L5 Mean
Moderate
Hepatic
Moderate Hepatic Impairment Healthy
Impairment (T) Healthy (K) (T (R) Ratio T/R-100

Parameter (units) n=% (a) n=7 (b) =5 (a) n=7 (b} (90% CT) (c)
SYR-322 M. Flasma

AUC(0-tlge)

(ng-hr/mL) 11.23(79.291) 14.63 (42.211) 8.50 11.84 71.79 (26.72, 192.886)

AUC(0-inf) (a,b)

(ng-hr/mL) 2443 (13.212) 22.05 (24.512) 2450 21.54 113.72 (72.79, 177.64)

Cmax (ng/'mL) 0.62 (73.039) 0.58 (43.972) 0.54 0.49 110.91 (53.26, 230.95)

Tmax (br) (d) 2.00(1.500, 4.000)  3.00 (1.500, 8.000) 2.00 3.00 —

1z (1/hr) 0.03 (25.814) 0.04 (35.815) — — —

T1/2 (hr) 24.10(30.081) 21.48 (38.289) — —_ —_

MET (hr) {a,b) 33,78 (33.009) 2028 (40.490) — — —
SYR-322 M. Livine =2 =2 =2 =2

Ag(0-24) (mg) 0.07 (83.719) 0.11 (61.848) —_ — —_

As(0-48) (mg)
As(0-72) (mg)

0.09 (82.182)
0.10 (86.284)

0.15 (56.651)
017 (55.7200

Source: Tables 13212 15213 and 13.2.1.3.
T=test group=subjects with moderate hepatic impairment, R=reference group=healthy subjects.

(a) n=2 for AUC(0-inf) and for MRT, and n=3 for iz and T1/2 for subjects with moderate hepatic
impairment, where applicable.

() n=3 for AUC (0-inf) and MRT for healthy subjects, where applicable.
(c) ratios and CIs are presented as percentages.
(d) Tmax is presented as median (minimum, maximuem). P=1.000.
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4.2.12 Study SYR-322-015: An Open-Label, Multiple-Dose Study to Assess the Drug-
Drug Interaction Between SYR-322 and Caffeine, Tolbutamide,
Dextromethorphan, Midazolam, and Fexofenadine Administered Concomitantly
to Healthy Adult Subjects

Methods: Subjects received caffeine, tolbutamide, dextromethorphan, midazolam and

fexofenadine as a single dose cocktail for probes of CYP1A2, 2C9, 2D6, 3A4 and P-gp,

respectively. Subjects received the single dose cocktail on Day 1, 100mg alogliptin QD

on Day 4 through 10 and the single dose cocktail with alogliptin on Day 10. Formulations

of probes were as follows:

e Caffeme was supplied :;

in oartons containing 40 tablets each (over-the-counter

medication)

e Tolbutamide
tablets in bottles contamning 100 tablets each

e Dextromethorphan hydrobromide was supplied S

m cartons containing 30 gelgaps

9 was supplied as 500 mg

each (over-the-counter medication)

e Midazolam hydrochloride ®® was supplied
as a 2 mg/mL syrup in bottles containing 118 mL
e Fexofenadine hydrochloride was supplied S

n bottles containing $00 tablets each

Pharmacokinetic sampling schedule for the probe substrates and alogliptin are
summarized in Table 37. The following metabolite pharmacokinetics of probe substrates
were  also  assessed; 1,7-paraxanthine  (caffeine),  4-hydroxytolbutamide,
carboxytolbutamide  (tolbutamide), dextrorphan (dextromethorphan), and 1-
hydroxymidazolam (midazolam). Exposure change was assessed by LMS ratios.

Results: Pharmacokinetic parameters for probe substrate, those metabolites and alogliptin
are summarized in Table 38. Alogliptin 10 Omg QD for 7 days did not affect significantly
probe substrates pharmacokinetics of CYP1A2 (caffeine), 2C9 (tolbutamide), and 3A4/5
(midazolam). Alogliptin did not affect significantly metabolite pharmacokinetics of
above mentioned probe substrates.

Alogliptin 100 mg QD for 7 days increased AUCy, and Cmax of CYP2D6 substrate
(dextromethorphan) by 26% and 32%, respectively. Alogliptin did not affect
dextromethorphan metabolite pharmacokinetics.

Alogliptin 100 mg QD for 7 days increased fexofenadine AUCyand Cmax by 32% and
17%, respectively.

Drugs concentrations in plasma and urine were measured by HPLC/MS with the
following validated concentration ranges:

e SYR-322 in plasma: 1.0 to 1000 ng/mL.

e (Caffeine and 1,7-paraxanthine in plasma: 25 to 25,000 ng/mL.
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Caffeine in urine: 50 to 50,000 ng/mL.

1,7-Paraxanthine in urine: 120 to 50,100 ng/mL.
Tolbutamide in plasma: 0.10 to 100 pg/mL.
4-Hydroxytolbutamide in plasma: 0.0025 to 2.50 pg/mL.
Carboxytolbutamide in plasma: 0.005 to 5.00 pg/mL.
Tolbutamide in urine: 5.0 to 1000 ng/mL.
4-Hydroxytolbutamide in urine: 0.3 to 150 pg/mL
Carboxytolbutamide in urine: 0.6 to 300 pg/mL.
Dextromethorphan in plasma: 0.05 to 50.0 ng/mL.
Dextrorphan in plasma: 0.8 to 800 ng/mL.
Dextromethorphan in urine: 0.001 to 1.00 pg/mL.
Dextrorphan in urine: 0.02 to 20.0 pg/mL.

Midazolam and 1-hydroxymidazolam in plasma: 0.1 to 100 ng/mL.
Midazolam in urine: 0.05 to 50 ng/mL.
Hydroxymidazolam in urine: 1.0 to 1000 ng/mL.
Fexofenadine in plasma: 0.5 to 500 ng/mL.
Fexofenadine in urine: 0.05 to 10 pg/mL.

Reviewer’s Comments:

Alogliptin dose was 100mg QD in the cocktail study and the proposed dosing is 25 mg
QD.
exposure increase) may be lower at the proposed dosing assuming competitive inhibition.
Therefore, the alogliptin effect on CYP2D6 seems to be not clinically significant at the
proposed dosing.

The observed alogliptin effect on dextromethorphan exposure (i.e., 26-32%

Table 37 Sampling schedule
Probe substrates

Study Day Scheduled Time

Predose (within 0.3 hour prior to dosing) and 0.25, 05,075, 1. 1.5.2. 3.4, 6, 8. and
12 hours after the Day 1 dose

16. 24, and 36 hours after the Day 1 dose

48 hours after the Day 1 dose

72 howrs after the Day 1 dose

Predose (within 0.3 hour prior to dosing) and 0.25, 05,075, 1. 1.5, 2. 3.4, 6, 8. and
12 howrs afrer the Day 10 dose

16, 24, and 36 hours after the Day 10 dose

48 hours after the Day 10 dase

13

72 hours after the Day 10 dose

Alogliptin

Study Day Scheduled Time

4. 7.8, and 9 Predose (within 0.5 hour prior to dosing)

10

Predose (within 0.3 hour prior to dosing) and 0.5, 1, 1.5, 2. 3. 4. 6, 8. and 12 hours after
the Day 10 dose

11

16, 24, and 36 houss after the Day 10 dose

12

48 hours after the Day 10 dose

13

72 hours after the Day 10 dose
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Urinary sampling schedule

Day Scheduled Time
1-2 Predose (0 hour) and 0-24 hours after the Day 1 dose
2-3 24-48 hours after the Day 1 dose
34 48-72 hours after the Day 1 dose
10-11 0-24 hours after the Day 10 dose
11-12 24-48 hours after the Day 10 doze
12-13 48-72 hours after the Day 10 doze
Table 38 Phar macokinetic parameter s of probe substrates and metabolites
Arithmetic Mean (%%CV) Geometric Mean
SYR-321+
Drug Drug
) SYR-311 + Drug Cocktail Cocktail

Analyte/ ) Cocktail (T) Drug Cocktail (R) (4] ®) Ratio (T/R)*100
Parameter (units) n Day 10 Day 1 Day 10 Day 1 (90% CI) (%a)
Caffeine
Plasma

AUC{-lge) 13 43085.68 (35.822) 4619661 (40.232)  45249.03 4313339 104.90 (82.47, 119.01)

(ng-hrmL)

‘;‘Uﬂt_’ﬁ 18 4868333 (33.335) 46624.51 (39.805) 4589303 4358976 10528 (93.06, 119.12)

ng-hr/

Cmax (ngml) yg 530833 (2407)  5386.11(18.68) 516482 520340 97.57(91.77,103.74)
Tmax (hr) (20) 18 133 (0.500.3.000) 1.22(0.250, 3.000) - -

T2 () 18 536(24.147) 532 (27.824) — — —
CLE@MW) 13 462(35.169) 4.90 (38.107) — — —
Lrine
Ae(0-7)(ng) 18 T166.35(75.122) 604822 (49.798) 575057 S48125 10491 (8815, 124.86)
UME 18 0.33(76.654) 0.27 (37.444) 0.29 026 11258 (9421, 134,58
1.7-Paraxanthine
Plasma
AUCO-tlge)  1g 27499.63 (20.825)  28273.64 (29.110)  26931.00 27258.14 98.30 (91.67, 106.49)
(ng-hrmL)
ﬁ;‘g‘gf’mﬁ? 18 28367.75(21.100) 2800100 (27.961)  27773.84 2704433 0030 (02.08 10728)

Cmax (ngml) 13 1303.72 (19.42) 133756 (22.08) 128199 130800 9201 (93.92,102.28)
Tmax (hr) (a.c) 15 800 (3.000, 16.000) 7.00 (2.000, 12.000) — — —
T1/2 (r) 18 6584(2425D) 6.92 (27.986) — — —

Trine

Ae(0-TD (g 13 1052331 (36474) 2055008 (28.037) 184220 107687 03.10 (2417, 103.18)

Sources: Tables 152161, 152171 and 1521201,
T=test treatment, R=reference treatment, -— =not applicable.
(a) Tmax is presented as median (minimum, maximum).

() P=0.487.

(c) P=0.075.
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Arithmetic Mean (%CV) Geometric Mean
SYR-311+
Drug Drug
SYR-311 + Drug Drug Cocktail Coclkeail
Analyte/ Cocktail (T) Cocktail (R) (T) Ratio (T/R)*100
Parameter (units) n Day 10 Day1 Day 10 Day1 (00% CT) (%0)
Tolbutamide
FPlasma
AUC(0-tge) 12 6B4.48 (36.741) 0077 (34.829) 63574 673.16 9741 (93.07, 101.96)
{pghrmlL)
ATIC{D-inf) 12 691.43 (38.261) T11.11 {(37.448)  660.78 GE0.25 9714 (9227, 101.60)
{pghr/ml)
Cmax (ug/ml) 12 51.44(193541) F127{14.57TH 5055 5077 B95E (9376, 103.54)
Tmax (hr) (a.b) 18 300 (1.500, 60007  3.00 (2,000, 4.000) - — -
T1/2 (hr) 12 10030417 238 (31741 - — -
CL/F (L'hr) 12 0.78(22.615) 0,76 (222933 - — -
Lirine
Ae(0-72) (pg) 12 611.71 (49.722) 60632 (47139 560.86 566.79 9205 (8011, 109 88)
UME 12 0.00 (31432 0.00 (378420 0.00 000 10228409402, 11249
4-Hydroxytolbutamide
Flasma
AUC{D-ge) 12 1.74(22263) 21322078 7.58 7.96 95.32(91.79, 98 98)
(ughr/ml )
ATICID-inf) 12 1.87(21341) 227 (21.667) 1.72 g11 935 25(91 84, DE.ED)
{pg-hr/ml)
Cmax (ug/ml} 12 0.61 (27.856) 063 (27.7710 0.3 060 97.73(92.45 103.30)
Tmax (hr) (a.c) 18 400 (3.000, 60007 4.00(3.000, 6.000) - — -
TL1/2 (hr) 12 8.42(27.883) 031 (32057 - — -
Livine
Ae{0-72) (ng) 18 6145375 (20.162) 6334014 (14 064) 6035579 6472096 9326 (8851, 98 26)
Carboxytolbutamide
Flasma
AUC(0-ge) 18 2333(18.96%) 2379016.792) 2204 2348 97.67(94.73, 100.71)
{pg-hrmlL)
ATIC{D-inf) 18 23358183551 24.05(16.302) 2320 23752 97.68(94.77, 100.68)
(pglghr/mL)
Cmax (ug/ml) 12 197 {31.030) 198 (26.252) 1.27 191 98.04(9227 104.18)
Tmax (hr) (a.d) 18 400 (3.000, 60007  4.00 (4.000, 6.000) - - -
TL1/2 (hr) 12 8.02 (24.549) 2.95 (292903 - - -
Livine
Ae(0-72) (pg) 12 370226.10 (11.938) 38134585 (B771) 367476.25 37905576 96.72 (92.22,101.43)

Footnotes for Table 11.b are on the next page.
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Arithmetic Mean (%0CV) Geometric Mean

SYR-3221+
Drug Drug
. SYR-322 + Drug Drug Cocktail Cocltail
Analyte/ Cocktail (T} Cocktail (R) (T) R} Ratio (T/E)*100
Parameter (units) n Day 10 Day1 Day 10 Day1 (90% CT) (%0)
Dextromethorphan
Flasma

AUC(D-dqc) 18 16751 214516) 16275 (221.327) 17.69 1404 125.97(107.82, 147.17)
(ng-hr/mL)

AUC(O-inf) 13 1408 (70.807) 11.54 (78.330) 11.00 867  126.92 (103.68, 155.37)
(ng-hr/ml)
Cmax (ng'ml) 18 §24(173.709) 5.57 (186.351) 211 160 13202 (113.81,153.14)
Tmax (hr) (25 18 3.50(2.000, 6.000)  3.00 (2.000, 6.000) —
T1/2 (hr) 18 13.00 (123.346) 14.17 (126.136) —
CLF(@LW) 13 302247(107.792)  3347.66(72.373) — -
LUrine
Ae(0-12) (ng) 18 23567(215.562)  B62.26 (217.544) B4.66 9066  93.38(72.49,120.28)
UMR (d) 18 0.84(278.238) 0.81 (266.858) 0.01 001  84.37(65.67, 108.40)
Dextrorphan
Flasma

AUC(O-tlgc) 18 1606.39 (44.596)  1601.14 (42.877 127672 127092  100.46 (96.92, 104.12)
(ng-hr/mL)

AUC(0-Ing) 15 190038(17.654)  180424(12679) 187516 188073  99.70(96.10, 103 .45)
(ng-hr/mL )

Cmax (ng'ml} 13 38186 (52.521) 377.64 (50.820) 22619 22407  100.94 (9343, 106.78)
Tmax (hr) (2.c) 18 2.00¢1.500,4.000) 2.00 (1.500, 4.000) —
T1/2 (hr) 18 1203 (156.579) 14.97 (185.653) —

Lirine
Ae(0-1D)(ng) 18 0400.15(47009)  8I0766(46301) 732542 61892 11067 (9048 12313)

Sources: Tables 132,191, 1521101, and 132.1.20.1.
T=test treatment, R=reference treatment.--- =not applicable.
(a) Tmax is presented as median (munimum, maximum).

(b) P=0.688.

(c) P=0.883.
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Arithmetic Mean (20CV) Geometric Mean

SYR-322 +
Drug Drug
Analyte/ SYR-321 + Drug Drug Cocktail  Cocltail
Parameter Coclatail (T) Cocktail (E) (T) (R) Ratio (T/R)*100
(units}) i Day 10 Day 1 Day 10 Day 1 90% CT) (%4}
Midazolam
Flasma
AUC(D-tlge) 12 50.80(28.633) 4703 (28.673) 48 89 4546 107.55 (9788, 11819}
(nghr/ml )
AUC{-mf) 12 52.56(28.712) 4881 (27.723) 5058 4725 107.05 (97.16, 117.95)
(ng-hr/ml)
Cmax (ng/ml) 12 22772(28.32) 19.91 (26.340) 2180 1933 11268 (101.70, 124 843
Tmax chry {a,b) 18 030 (0230, 1.000% 0.75 (0.250, 1.500) — — —
T1/2 (hr) 12 3.70(23.138) 5.80 (18.167) - — —
CLF (L'hr) 18 82.11 (27.696) 87.18 (23.776) - — -—
Urine
Ae(0-72) (pg) 18 712 (41.555) 786 (33.926) 665 T4 B98O (76,66, 105.200
UME () 12 0.00 (40.688) 0.00 (36.461) 0.00 0.00 79.70 (67 81, 93.67)
1-Hydroxymidazolam
Flasma
AUC(D-tlge) 18 19.69 (33 494) 19.11(38.834) 18 59 1783 10424 (94 42 115.08)
(ng-hr/ml)
AUC{-mf) 17 20,01 (32.000) 2031 (37.563) 1982 19.02 104.21 (93 85, 115.72)
(nghr/ml )
Cmax (ng/ml) 12 9.64 (32.620) 8.98 (47.373) G.09 215 111.45 (96.60, 128.59)
Tmax (hr) (ac) 18 030 (0500, 1.000%  0.75 (0.500, 1.500) — — —
T1/2 (hr) 12 4,84 (68.525) 386 (29.778) - — —
Urine

Ae(0-72)(pg) 18 200522 (15.701)  2574.74(14.333) 28758 254865 112.67(102.12, 124.31)

Sources: Tables 13.2.1.15, 152116, and 15.2.1.20.1.
T=test treatment, R=reference treatment, --- =not applicable.
(a) Tmax is presented as median (minimun, maximum).

(b) P=0.153.

() P=0.020.
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Avrithmetic Mean (%4CV) Geometric Mean

SYR-311+
Drug Drug
SYR-311+ Drug Drug Cocktail  Cockrail
Analyte/ . Cocktail (T) Cocktail (R) (T ®) Ratio (T/R)*100
Parameter (units) n Day 10 Day1 Day 10 Day1 (90% CT) (%)
Fexofenadine
Plasma

AUCDlge) 18 71438 (30.438) 3775952391y 676.33 51256 13203 (110,78, 157.41)

(ng-hriml )

AUC{D-inf) 13 74203 (20.2534) 5E7.84 (49063 70462 52724 133.64(112.27, 159.08)

(ng-hr/ml )

Cmax (ng/ml) 18  116.33 (40.736) 10244 (63 806) 10772 91.70 11747 (9338, 144.6T)
Tmax (hr) (ab) 18 1.50(0.750, 40000 1.25 (0.750, 2.000) — — -
T1/2 (hr) 17 21.33(35.324) 35310(115.205) — — —

Urine

Ae(D-T2)(ug) 18 23201427927y 17991539277y 223471 1669.46 13386 (110,67, 161.91)

Sources: Tables 13.2.1.12,15.2.1.13, and 15.2.1.20.1.
T=test treatment. E=reference treatment. - =not applicable.
(a) Tmax is presented as median (minimum, maximum).

(b) P=0.033.

SYR-3221 + Drug Cocktail

Day 10

(N=18)
Parameter (units) Arithmetic Mean (20 CV)
SYR-312
AUC{0-tan) (ng-hr/ml) 540356 (18.734)
Cmax (ng/mL) 54622 (23.429)
Tmax (he) (a) 1.5 (0.300, 4.000)

Ctrough (ng/mL)

73.62 (18.44)

Source: 15.2.1.4.

(a) Tmax is presented as median (minimum,

maximun).
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4.2.13 Study SYR-322-018: An Open-Label Study to Assess the Effect of SYR-322 on
Glyburide in Healthy Adult Subjects

Methods: Subjects received glyburide (DiaBeta®), a representative sulfonylurea and a
CYP2C9 substrate, 5 mg tablet on Day 1, alogliptin 25 mg tablet QD for 8 days (Day 3-
10), and glyburide (DiaBeta®) Smg tablet on Day 10 with alogliptin following an
overnight fasting condition.

Pharmacokinetic sampling schedules are summarized in Table 39. Pharmacokinetic
parameters were estimated using the conventional method including trapezoidal rule for
AUC. The drug concentrations in human plasma were measured by HPLC/MS with
validated concentration ranges of 1.00 to 1000 ng/mL for alogliptin, 0.100 to 100 ng/mL
for its metabolite (M-I), and 1.00 to 500 ng/mL for glyburide. Statistical significant was
assessed for natural logarithms of AUC and Cmax of glyburide using a paired t-test on
within-subject difference. The effect of alogliptin on glyburide exposure was assessed
using LSM ratios.

Results: Alogliptin 25 mg QD for 8 days did not significantly change glyburide AUC but
increased glyburide Cmax 15% (Table 40 and Table 41).

Table 39 Sampling schedule
alogliptin
Study Day Scheduled Time
1,7.8 and 9 Predose (within 0.25 hour prior to dosing)
10 Predose (within 0.25 hour prior fo dosing), and 05,1, 1.5, 2,3, 4,6, 8, 12, and 16 hours
after the Day 10 dose
11 24, 28, 32, and 36 hours after the Day 10 dose
12 48 hours after the Day 10 dose
glyburide
Study Day Scheduled Time
1 Predose (within 0.25 hour prior to dosing), and 0.25,05,1,2,25,3. 4,6, 8,10, 12, and
16 hours after the Day 1 dose
2 24 and 36 hours after the Day 1 dose
3 48 hours after the Day 1 dose
10 Predose (within 0.25 hour prior to dosing), and 0.25,05,1,2, 25,3, 4,6, 8,10, 12, and
16 hours after the Day 10 dose
11 24 and 36 hours after the Day 10 dose
12 48 hours after the Day 10 dose
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Table 40 alogliptin phar macokinetic parameterson Day 10

Arithmetic Mean (%CV) Geometric Mean
SYR-312
25me +
SYR-32125mg + Glyburide |Glyburide
. Glyburide 5 mg (T)| Glyburide S mg (R) | Smg(T) | Smz(R) ERatio T/R-100
Parameter (units) | n Day 10 Day 1 Day10 | Dayl (90% CT)
AUC[0-tlge) 24| 79246 (37481 809.22 (48.024) T43.36 T49.88 99.40(93.14, 106.08)
(ng-hr/ml)
AUC[0-1nf) 23| 831.76(35.696) 880.49 (46.090) TB6.58 817.12 96.26 (89.21, 103.87)
(ng-hr/ml)
Cmax (ng/ml) |24| 12332 (30.496) 109.26 (40.400) 11839 102.63 | 11336 (103.98, 125.53T)
Tmax (hr) (a.b) 24| 2.50(2.000, 40008 200 (1.000, 6.000) — — —
T1/2 (hr) 24 8.88 (50.499) 12.37 (37.800) — — _
CLF (L'hr) 23 6.69 (31.097) 6.48 (31.495) — — —

Sources: Tables 15.2.1.2 and 15.2.1.3.
T=test treatment, R=reference treatment, —=not applicable.
(a) Tmax is presented as median (minimum, maximum).

(b) P=0.406.
Table 41 alogliptin phar macokinetic parameterson Day 10
SYR-322 25 mg + Glyburide 5 mg
Day 10
Arithmetic Mean (% CV)
SYR-322 SYR-322 M-I
Parameter (units) n=14 n=13
ATUC{0-24) (ng-hr/mL) 12093 34 (15.569) 14.01 {53.970)
Cmax (ng/mL) 14812 (24. 639) 0.91(47.153)
Cmin (ng/mL) 20.67 (21.461) 039 (61.770)
Tmax (hr) (3) 1.00 (0.500, 1.500) 1.50 (0.500. 16.000)

Source: 15.2.1.5.
(a) Tmax is presented as median (minimum, maximumn).
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4.2.14 Study SYR-322-021: SYR-322-021: A Randomized, Single-Blind, Placebo-
Controlled Assessment of the Pharmacokinetics and Pharmacodynamics of
Warfarin in the Presence of Multiple Doses of SYR-322 in Healthy Male and
Female Subjects

Methods: Subjects received either placebo+a stable warfarin dose QD (Treatment A) or
alogliptin 25 mg tablet+a stable dose of warfarin QD (Treatment B) following an
overnight fasting condition (Figure 34).

Pharmacokinetics of S-warfarin (CYP2C9 substrate), R-warfarin (CYP1A2, 2C19 and
3A4 substrate) and alogliptin were assessed. Prothrombin time (PT) and International
Normalized Ratio (INR) were estimated for warfarin pharmacodynamic parameters.
Pharmacokinetic and pharmacodynamic sampling schemes are summarized in
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Table 42. The drug concentrations in human plasma and urine were measured using
HPLC/MS with validated concentration ranges of 1.00 ng/mL to 1000 ng/mL for
alogliptin in human plasma, 0.100 ng/mL to 100 ng/mL for M1 in human plasma, 5.00 to
5000 ng/mL for alogliptin and its metabolite M1 in human urine, and 5.00 to 1500 ng/mL
for warfarin (R- and S- enantiomers) in human plasma. The effect of alogliptin multiple
dose on warfarin pharmacokinetics was analyzed using an analysis of covariance
(ANCOVA).

Results: warfarin plasma concentration-time profiles are shown in Figure 35. wafarin
pharmacokinetic  and  pharmacodynamic  parameters are summarized in

Page 69 of 156



Table 43 and
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Table 44. There was no significant effect of alogliptin on warfarin pharmacokinetics and
pharmacodynamics.

Figure 34 Schematic of study design
Pretreatment (a) Treatment Period (a) Posttreatment (a)
Screening Baseline Warfarin Titration Period Coadministration Study
Period Exit/ET (e)
Days -28t0 -10( Day -9 (b) Day -8 Days -7 to -1 (t) Days 1 to 7 (d) |Days 8t0 9 Day 10
267 kg: 267 kg: Treatment A
warfarin 6 mg|warfarin 4 mg| Warfarin 1-10 mg =18
or ofr to stable dose Treatment B
<67 kg: 3 mg | <67 kg: 3mg n=18

ET=early termination: Treatment A=placebo + stable dose of warfarin QD: Treatment B=SYR-322 25 mg + stable dose
of warfarin QD.

{a) INE. was momtored throughout the study.

(b) For subjects who achieved 3 consecutive days of target INF. values at a stable warfarin dose a day eatly, the
Baseline day was recalculated as Day -8.

(c) Subjects were required to have at least 3 consecutive days of target (1.2 to 1.8, inclusive) INRs at a stable dose prior
to Day -1 to be eligible for the Coadmimstration Period. Subjects who had 3 consecutive days of target INRs at a stable
warfarin dose by Day -4 or Day -3 were permitted to begin the Day -1 (24-hour Baseline warfarin pharmacokinetic
sampling) after the third consecutive day that target INRs were achieved, and then continue with the Coadministration
Pericd. Subjects whe did not achieve a stable warfarin dose during Warfarin Titration (Day -8 to Day -1) were
withdrawn from the study and were not replaced.

(d) Subjects were randomized on Day 1.

(e) Subjects were not discharged from the study until INR was =1.2 or at level considered by the investigator to be safe
for discharge.
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Table 42

Plasma sampling

Phar macokinetic and phar macodynamic sampling schemes

Pharmacokinetic Sample

Day Scheduled Time SYR-322(a) Warfarin (b)
-0 through -2 Predose (-15 munutes) X

-1 Predose (-15 munutes) and 0.25, 05,075, 1, 1.5, 2, X

3,46, 8,10, 12, 16, and 24 hours postdose

1 Predose (-15 munutes) X

2and 3 Predose (-15 minutes) X

4 through & Predose (-15 minutes) X X

7 Predose (-15 minutes) and 0.25,0.5,0.75, 1, 1.5, 2, X X

3,46, 8. 10, 12, 16, and 24 hours postdose

{(a) Blood was collected from subjects who received placebo as well as from subjects who received
SYR-322 in order to mainfain the treatment blind.

{b) The 24-hour postdose blood sample for Day -1 was drawn prior to dosing with SYR-322 on Day 1.

Urine sampling

Day Scheduled Time

0and -8 24 hours starting at admussion to the chinic

7 and 8 0 to 24 hours postdose

PT and INR sampling

Day Scheduled Time

-9 Immediately following Check-in
-8 through -1 Predose (-15 minutes) and 5 and 12 hours postdose

1 through 7 Predose (-15 minutes) and 12 hours postdose

Sand 9 Approximately the same time as the predose and 12-hour postdose collections on previous
days
200 o-o-a B-Warfarin Day -1 (N=33) 140 a8 5-Warfarin Day -1 (N=33)

— oo R-Warfarin Day 7 (N=30) E e—ew S-Warfarin Day 7 (N=30)
o o
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Figure 35 Plasma concentration-time profiles of R-warfarin (left) and S-warfarin (right)
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Table 43 Phar macokinetic parameter s of R-warfarin, S'warfarin and alogliptin

Parameter (units) Arithmetic Mean (%CV) LS Mean
SYR-322+ Placebo+ Ratio (T/R) of Least
SYR-32I + Placebo + Warfarin =~ Warfarin =~ Warfarin Squares Mean
Warfarin (Test) (Reference) [ Test) {Reference) {90% CT) (a)
Eowarfarin =15 =15 (b) =13 =13 (b n=13
AUC[0-24)
(ng-hr/ml /mg) 363261 (17.03) 3743.21 (20.28) 3605.32 364905 98.80(94.2, 103.60)
Cmax
(ng/ml/mg) 204.5(13.4) 210.5 (18.3) 2032 206.1 9836 (92.03, 105.56)
Cmin
(ng/ml/mg) 121.2(21.2) 128.1(22.9) 1230 120.6 101.98 (95.26 . 109.18)
Tmax (ht) () 0.50 (0.230, 6.000) 1.00 (0300, 4.000) 0.50 1.00 —
S-warfarin =15 =15 (b) =13 =13 (b) n=15
AUC[0-24)

(ng-hr/ml /mg) 2104.19(18.293) 1970.77 (23.951) 2003.98 198240 101.09 (9722 105.11)
Cmax

(ng/ml/mg) 140.00 {17.71) 13590 (17.92) 135.67 136.01 99.75(92.11, 108.02)
Cmin

(ng/ml/mg) 62.30(22.33) 59.26 (30.62) 3002 37.51 104.20 (98.28, 110.47)
Tmax (ht) () 0.73 (0.500, 6.000) 0.75 (0.300, 4.000) 0.75 0.75 —

Source: Tables 15.2.1.%9 and 15.2.1.10.
T=test: R=reference.

{a) Ratios and Cls were presented as percentages. Ratios are LS means from test treatment divided by LS
means from reference treatment.

(b) Data from Subject 006, who discontinved early and had pharmacokinetic samples collected on Dav 4
instead of Day 7, were not included in pharmacokinetic analyses (Appendix 16.2.1.3 and

Appendix 16.2.3.1).

{c) Median (minimum, maximum) values are presented for Tmax; P=0.303 (R-warfarin), P=0.387 (S-warfarin).

Arithmetic Mean (% CV)

SYR-322 SYR-322 M-I
Parameter (nnits) n=15 n=14 (a)
ATIC{0-24) (ng-ho/mL) 135058 (14.153) 1545 (70.248)
Cmax (ng/mL) 131,55 (21.044) 0.91 (67.394)
Cmin (ng/mL) 21.68 (30.001) 0.40 (70.663)
Tmax (hr) (a) 2.00 (1.000, 4.000) 4.00(0.750, 12.000)

Source: Table 15.2.1.4.

(a) Data from Subject 003 were excluded because SYE-322 M-I concentrations were BL(Q) at all time
points (Appendix 16.2.6.5).

(b) Median {minimum, maximum) values are presented for Tmax.
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Table44 Phar macodynamic parameters

LS Means
SYR-322 + Placebo + Difference in 095% CI for P-value
Warfarin Warfarin LS Means Mean
{Test) (Reference) Difference
PT (sec)
Predose 1421 15.19 -0.98 (-2.70,0.74) 0.254
12 hours postdose 1445 15.33 -0.88 (-2.87, 1.11) 0.373
INK
Predose 1.50 1.60 -0.10 (-0.29 010 0.317
12 hours postdose 1.51 1.51 0.00 (-0.17.0.17) 0.972
LS Means of Changes
from Predose
SYR-322 + Placebo + Mean 95% CI for P-value
Warfarin Warfarin Difference Mean
(Test) (Reference) Difference
PT (sec) -0.02 030 041 (-1.37,055 0.390
INE -0.04 -0.04 0.00 (-0.06,007) 0.028

Test: SYR-322 25 mg + stable dose of warfarin QD (Treatment B).

Reference: placebo + stable dose of warfarin QD (Treatment A).

Note: N=15 for test and reference groups. Subject 006 (placebo + warfarin group) was excluded from all
analyses of PT and INR. data. This subject discontinued during the Coadministration Period because of a
high INR value {Appendix 16.2.1 .3 and Appendix 162 3.1).

4.2.15 Study SYR-322-024: The Effect of SYR-322 on the Pharmacokinetics and
Pharmacodynamics of Ethinyl Estradiol and Norethindrone (Ortho-Novum® 1/35)
in Healthy Adult Female Subjects

Methods: Subjects received either placebo+Ortho-Novum® QD or alogliptin 25 mg
tablet+Ortho-Novum® QD for 21 days in the crossover study design following an
overnight fasting condition (Figure 35). Ortho-Novum® contains norethindrone 1 mg and
ethinyl estradiol 35 pg. Pharmacokinetic and pharmacodynamic sampling schemes are
summarized in Table 45 and Table 46. Drug concentrations in plasma and urine were
measured by HPLC/MS with validated concentration ranges of 1.00 to 1000 ng/mL for
alogliptin in plasma, 0.100 to 100 ng/mL for M-I in plasma, 2.00 to 500 pg/mL for
ethinyl estradiol in plasma (truncated to 2.00 to 250 pg/mL), 50.0 to 25,000 pg/mL for
norethindrone in plasma, and 5.0 to 5000 ng/mL for alogliptin and its metabolite M-I in
urine. Statistical significant was assessed for natural logarithms of AUC and Cmax. The

effect of alogliptin on ethinyl estradiol and norethindrone exposure was assessed using
LSM ratios.
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Results: ethinyl estradiol and norethindrone pharmacokinetic and pharmacodynamic
parameters are summarized in Table 47 and Table 48. Alogliptin and its metabolite
pharmacokinetic parameters are summarized in Table 49. Alogliptin 25mg co-
administration with Ortho-Novum® QD for 21 days did not significantly affect ethyl
estradiol and norethindrone pharmacokinetics and pharmacodynamics.

Figure 36 Schematic of study design
Pretreatment Period (a,b) Period 1 (a,b.c) Period 2 (a,b)
- - N -
Days-28to-2 | Dayv-1 | Sequence Da;: 1. to 21 Days 22 to 28 Days 1. to 21 Day 12
- : osing ’ Dosing -
Screeqing Check-in 1 Placebo + SYE-32223mg+ | Final Visit
for Period 1|  n=14 Ortho-Novum 1/35 Washout Ortho-Neovum 1/35
2 SYR-322 23 mg+ Placebo+
n=14 Ortho-Novum 1/35 Ortho-Novum 1/35

Placebo + Ortho-Novum 1/35=reference treatment (Treatment A), SYR-322 + Ortho-Novom 1/35=test
treatment ( Treatment B).

{a) Subjects were confined fo the clinic evernight on Days -1, 20, and 21 of Period 1, and Days 20 and 21
of Period 2.

() Blood and urine samples for pharmaceokinetic and pharmacodynamic analyses were collected at
designated time points throughout the study.

(c) Check-in for Treatment Period 2 was Day 28 of Peniod 1.

Table 45 Phar macokinetic sampling schemes
Treatment Period Day Scheduled Time
1 and 2 1,18-20 Predose (0 hour)
21 (a) Predose (0 hour), 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours postdose

(a) When subjects received placebo, blood for SYER-322 analysis was only collected at 4 hours postdose on
Day 21.

Treatment Period Day Scheduled Time (a)
1 -ltol -24 to 0 hours predose
2 211022 0 to 24 hours postdose

(a) Urine collected from subjects who were receiving placebo was to be discarded; urine was collected to
maintain the study blind.

Table 46 Phar macodynamic sampling for LH, FSH, E2, progesterone, and SHBG
Treatment Period Day Scheduled Time
1 and 2 1. 14, and 21 Predose (-0.5 hour)
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Table 47

Ethinyl estradiol and norethindrone phar macokinetic parameters

Arithmetic Mean (%CV) LS Mean
SYR-3221 + Placebo + SYR-321+ Placebo +
Ortho-Novum Ortho-Novum Ortho-Novum Ortho-Novum
Analyte/ . (T R (T ®) Ratio (I/R) -100
Parameter (units) n=15 n=13 n=15 (e.f) n=125% (e,f) {90% CI) (a)
Ethinyl estradiol
AUC(0-24)
(pg-hr/mL) 1273.74 (25.749) 1291.01 (27.362) 123841 1256.17 98.30(94.92, 102.40)
Cmax (pz/mL) 154.40 (24.944) 165.17 (23.031) 148388 162.51 91.62 (86.77, 96.73)
Cmin (pg/mL) 2270 (31.003) 2313 (31.32T) 21.76 2226 97.79 {9249, 103.39)
Tmax (hr) (b.c) 1.50 (0,300, 2.000) 1.50 (1.000. 2.000) 1.50 1.30 —
Norethindrone
AUC(0-24)
(pg-ho'ml) 194093 98 (31.66) 182740.69 (29.27) 184257.16 179791 82 102 .48 (9951, 105.35)
Cmax (pg/mL) 23980.0 (20.8) 24688.0 (19.4) 25162.6 244170 103.05 (97.73, 108.66)
Cmin (pg/mL) 27217 (47.4) 25184 (48.3) 23975 23655 101.35 (97.54, 105.31)
Tmax (hr) (b.d) 1.00 (0,500, 2.0007 1.00 (0.300, 2.000) 1.000 1.000 —

Source: Tables 15214 and 15.2.1.5.
R=reference treatment, T=test treatment.

(a) Ratios and Cls are presented as percentages.

(b) Median {(minimum, maximum) values are presented for Tmax.

(c) P=0.286.

() P=0.568.

(2) 27 unique subjects analyzed.

(f) n=23 for Tmax.
Table 48 Ethinyl estradiol and norethindrone phar macodynamic parameters

LS Means Within Day  Owerall  Day by
Pairwise Treatment Treatment
Treatment Effect Imteraction

Analyte (units) n n SYR-312+ Placebo + Comparison P-value  P-value
Study Day (T) (R) Ortho-Novum (T) Ortho-Novum (R)  P-value

LH (mlwmL)

1 21 18 311 4.56 0.281 0.734 0.367
14 19 17 2325 198 0.602 — —
21 18 13 0.94 143 0397 — —
FSH (mlu/mL)

1 13 22 8.65 822 0.606 0.986 0.785
14 20 20 1.89 193 0.965 — —
21 19 18 1.55 1.97 0.651 — —
E2 (pg/mL)

1 9 9 66.50 78.73 0.855 0.843 0.767
14 9 7 140.50 8752 0.461 — —
21 4 5 2843 41.79 0891 — —
Progesterone (ng/mL)

1 23 25 1.49 1.51 0.947 0.240 0.438
14 24 24 1.91 1.52 0.095 — —
21 23 25 1.31 1.22 0.669 — —
SHEG (nmol'L)

1 24 24 113.97 11141 0.567 0.651 0.877
14 23 23 132.84 131.20 0.720 — —
21 24 24 139.30 13983 0.906 — —

Source: Table 15.2.1.13

T=test treatment=5YR-322 + Ortho-Novum (Treatment B), R=reference treatment=placebo + Ortho-

Novuem (Treatment A).
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Table49

alogliptin and its metabolite phar macokinetic parameters

Arithmetic Mean (%CV)

Parameter (units) n SYR-322 n SYR-322 M-I
AUC(0-24) (ng hr/mL) 25 1472.61 (14.000) 24 14.41 (48.809)

Cmax (ng/mL) 25 174.28 (23.723) 24 1.03 (45.848)

Crnin (ng/mL) 25 22.27 (17.088) 24 0.35 (65.433)

Tmax (hr) () 25 2.00 (0.500,3.000) 24 2.00 (0.500. 24.000)
Ae(0-24) 25 15.95 (13.879) 25 0.22 (56.507)
CLr(0-24) 25 10.97 (16.00) 24 15.80 (18.939)
Fe(0-24) 25 63.81 (13.879) 25 1.24 (56.507)

Source: Table 15.2.1.7and 15.2.1.11.
(a) Median (minimum, maximum) values are presented for Tmax.

4.2.16 Study SYR-322-017: A Phase 1, Open-Label, Randomized, Multiple-Dose,
Crossover Study to Assess the Drug-Drug Interaction of SYR-322 and
Pioglitazone

Methods: Subjects received alogliptin 25mg QD for 12 days, pioglitazone 45 mg QD for
12 days, and alogliptin 25 mg+pioglitazone 45 mg QD for 12 days in the crossover
design (Figure 37). Pioglitazone is mainly metabolized by CYP2CS and to a lesser extent
by CYP3A4, 1Al, and other enzymes. Pharmacokinetic sampling schemes are
summarized in Table 50. Statistical significant was assessed for natural logarithms of
AUC and Cmax. The drug interaction was assessed using LSM ratios.

Results: pioglitazone, alogliptin and alogliptin metabolite pharmacokinetic parameters
are summarized in Table 51 and Table 52. There was no significant pharmacokinetic
interaction between alogliptin and pioglitazone at steady-state.

Treatment Period (a.b,c)
ol

1 2 3
Days | Days | Days | Days | Days | Day
1-12 [13-21) 112 [13-21 | 1-12 13
. E_ A Wo B Wo C WO \‘
(n=3) \
|’n£*) B WO C Wo A WO -\
Baseline/ I _— . r Study
Screening |Check-in| Randomization | (n=3) ¢ WO A wo B WO \ ExitET
Days-21 [Day-1| Dayl |\ [N [ . [wol ¢ wol 3 |wo| [/ Dwls
to2 \ (n=3)| ° f
| ;
|'n‘=“) B WO A Wo C WO f
|'r'::-[") c |wo| B |wo| a | wo

A=SYR-322 25 mg QD (reference treatment), B= pioglitazone 45 mg QD (reference treatment),
C=SYR-322 25 mg + pioglitazone 45 mg QD (test treatment), ET=Early termunation, WO=washout.

(a) Subjects were confined to the clinic from the evening prior to dosing (Check-in/Day -1 of Treatment
Period 1 and Day 21 of Treatment Periods 1 and 2) through Day 14 of each treatment period.
(b) Subjects were dosed on Days 1-12 of each treatment period.
(c) Pharmacokinetic blood samples were collected on Days 1 and 9-14 of each treatment period and
pharmacokinetic urine samples were collected on Days 1-3 and 12-14 of each treatment period; urine
samples were collected only during Treatments A and C.

Schematic of study design

Figure 37

Page 77 of 156



Table 50 Phar macokinetic sampling for drugs
plasma sampling

Study Day Scheduled Time (a)

1 Predose (within 0.25 hour prior to dosing)

9 Predose (within 0.25 hour prior to dosing)

10 Predese (within 0.25 hour prior to dosing)

11 Predose (within 0.25 hour prior to dosing)

12 Predose (within 0.25 hour prior to dosing) and 0.25,0.5,0.75,1,1.5,2, 25, 3,4,6. 8,
and 12 hours after the Day 12 dose

13 24 and 36 hours after the Day 12 dose

14 48 hours after the Day 12 dose

(a) Sample sizes for SYR-322 and pioglitazone were 10 mL and 6 mL, respectively.
urine sampling

Study Day Scheduled Time
1 Predose for 10 hours (from -10 to 0 hour) and from 0 to 4, 4 to 8. 8 to 12, and 12 to
24 hours after the Day 1 dose
23 24 to 48 hours after the Day 1 dose
12 Oto4, 4108, and 8 to 12 hours after the Day 12 dose
12-13 12 to 24 hours after the Day 12 dose
13-14 24 to 48 hours after the Day 12 dose
Table51 Pioglitazone and its metabolites phar macokinetics on Day 12
Arithmetic Mean (%CV) LS Mean (a)
SYR-322 SYR-321
25mg QD + 25 mg QD + Pioglitazone
Pioglitazone Pioglitazone Pioglitazone 45 mg QD Ratio T/R-100
. 45 mg QD (T) 45mgQD(R) 45SmzQDT) (R) (90% CT)
Parameter (units) n=27 n=28 n=28 n=28 n=18 (b)
Pioglitazone
AUC(0-24)
(ng-hr/mL) 15871.86 (34.488) 1480445 (27.735) 1488002 14075.00 105.78 (97.49, 114.78)
AUC{0-48) _ -
(ng-hr/ml) 12164.08 (33.088)  17383.07 (26.938) 17186.07 16590.32 103,39 (96.61, 111.08)
Cmax (ng/ml) 1796.63 (31.47) 1739.82 (31.65) 1700.07 1625.69 105.13 (9234, 119.68)
Cmin (ng/mlL) 167.02 (41.27) 183.79 (36.39) 15221 168.41 9038 (83.83, 97.44)
Ctrough (ng'ml)  213.67 (40.28) 22453 (38.08) 197.67 20806 9501 (85.67,105.37)
Tmax (hr) (c.d) 1.000(0.300. 4.067) 1.008 (0.500, 4.117) 1.00 1.00 —
CL/F (L) 3.12(30.922) 332 (37.663) — — —
Pioglitazone M-III
AUC(0-24) i
(nghr/mL) 12663.70 (38.5345)  12637.17 (34.307) 1184083 11923.576 90.31 (93.26, 105.75)
AUC(0-48)
(ng-hr/ml) 2085240 (40.841)  20830.57 (33.633) 1939042 19590.24 08.93 (93.26, 105.06)
Cmax (ng/ml)  639.44 (36.66) 62975 (31.52) 603 58 599.66  100.65 (9324, 108.66)
Cmin (ng/mL) 42252 (33.62) 43861 (37.16) 300 68 41026 9742 (9146, 103.77)
Ctrough (ng'ml)  504.81 (37.11) 49314 (35.97) 47376 46521 101.84 (93.97, 110.36)
Tmax (hr) (c.€)  6.00(0.000,12.000) 5.00(0.000,12.000)  6.00 6.00 —
Pioglitazome M-IV
AUC(0-24) i
(nghr/ml) 3405424 (25.35) 33688.13 (26.70) 3273843 32570.01 100.52 (94.14, 107.33)
AUC(0-48)
(nghr/ml) 54421.79 (26.81) 54125.23 (27.16) 52213.26 52253.56 99.92 (93.90, 106.34)
Cmax (ngml)  1701.1 (26.7) 1637.3 (26.4) 16328 1583.8 103.10 (95.75, 111.01)
Cmin (ng/ml) 11032 (26.2) 1123.7 (26.8) 1062.0 1085.7 97.82 (91.65. 104.39)
Ctrough (ng/ml) 12142 (29.1) 1228.0 (28.9) 11679 11923 97.96 (90.12, 106.47)
Tmax (he) (c.f) 8.00 (0.000, 12.017) 8.000 (0.000, 12.067) 8.00 8.00 —

Sources: Tables 15.2.1.9 and 15.2.1.10.
T=test treatment=treatment C, R=reference treatment=treatment B, —=not applicable.
(a) n=27 for LS median Tmax.

b) Ratios and confidence intervals are presented as percentages.

¢) Tmax is presented as median (minimum, maximum).
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Table 52 Alogliptin, its metabolites, and optical isomer phar macokinetics on Day 12

Arithmetic Mean (%0CY) (a) LS Mean (b)
SYR-311 SYR-311
5mg QD+ 25me QD+ SYR-312
Pioglitazone SYR-311 Pioglitazone 25 mg QD Ratio T'R-100
. 43 mg QD (T) ZmgQD(R) 45mgQD(I) (R (#0% CT)
Parameter (units) n=27 (a) n=28 (a) n=18 n=28 n=28 {c)
SYR-322
Flasma {Day 12)
AUC{0-24)
(ng-hr/ml) 1656.82 (18.452) 1511.20 (18.979) 1644 57 149205 11022 (107.73, 112.75)
AUC(0-48)
(ng-hr/ml) 2108.68 (19.193) 1904.36 (19.199) 208722 187746 11117 (108.94, 113.45)
Cmax (ng/mL}) 178.56 (29.497T) 164.86 (30.503) 174.16 138.83 10965 (102.55. 117.25)
Cmin (ng'ml) 28919 (28.34T) 25.33 (25.508) 2805 2457 11416 (11042, 118.03)
Ctrongh (ng/'ml) 20.76 (27.896) 2629 (25.548) 28.68 2538 112,98 (108.99, 117.12)
Tmax (hr) (d.e) 200 (0,300, 30000 2,50 (0.500, 3.000) 2.00 2.50 —
CLF (L'ht) 1558 (18.18T) 17.13 (18.936) — — —
Urine (Day 12}
Ar(0-24) (mg) 1597 (14.619) 1540 (13874 — — —
Ae((0-48) (mg) 1990 (14.970) 15.92 (14.312) — — —
CLr(0-24) (L) 087 (19.088) 10.49 (20.202) — — —
CLri(0-48) (L'h) 967 (15.071) 10.22 (19.387) — — —
Fe{0-24) (%) 63 88 (14.619) 61.61 (13.874) — — —
Fe{0-48) (%) 79.501 (14.970) 7570 (14.312) — — —
SYR-322 M-I
Flasma {Day 12)
AUC(0-24)
{ng-hr/ml) 16.39 (47.680) 13.467 (46.072) 14.34 11.84  121.13(116.90, 125.30)
AUC(0-48)
(nghe/mL) 2437 (31.708) 19.93 (50.282) 2075 1698  122.20 (116.77, 127.88)
Cmax (ng/mL}) 1.03 (40.330) 0.85 (39.899) 0.92 077 119.63 (114.40, 125.09)
Cmin (ng'ml) 0.46 (35.659) 0.38 (51.900) 0.38 031 12278 (118.43,127.28)
Ctrongh (ng/ml) 0.48 (33.791) 0.41 (49.070) 0.42 035  118.01(113.01,123.22)
Tmax (he) (d.f) 2.50(0.730, 4067y 2.31 (0.750, 8.000) 2.50 2.51 —
Urine (Day 12)

Ae(0-24) (p2)
Ae(0-48) (pg)

CLx(0-24) (L'hr)
CLx(0-48) (L'hr)

Fe(0-24) (%)
Fe(0-48) (%)

217.22 (51.113)
310.85 (55.128)
14.17 (21.866)
13.67 (20.522)
1.23 (51.113)
1.76 (55.128)

178.53 (53.392)
252.24 (57.693)
14.55 (19.138)
14.15 (18.670)
1.01 (53.392)
1.43 (57.693)

Page 79 of 156



Arithmetic Mean (%0CV) (a) LS Mean (b)
SYR-312 SYR-322
25 mg QD + 2mg QD+  SYR322
Pioglitazone SYR-322 Pioglitazone 25 mg QD Ratio T/R-100
$HmgQD(T) SmgQDER) 45 mg QD(T) R) (90% CT)
Parameter {units) n=17 (a) n=23 (a) n=13 n=1% n=13 (c)
SYR-322 M-I
Flasma (Day 12)
AUC(0-24)
{ng-hr/mL) 5126 (37.66T) 4503 (61.247) 38.53 3550 108.53 (104.62, 112.60)
AUC(0-48)
(ng he/mL) 6342 (56.185)  5746(61.076) 4833 4497 107.47 (103.42, 111.68)
Cmax (ng/ml) 5.27 (62.527) 4.52 (60.399) 3.86 347 111.12 (104.23, 118.46)
Cmin (ng/ml ) 0.82 (64.221) 0.74 (69.622) 0.62 0.58 106.37 (99.40, 113.84)
Ctrough (ng/ml) 0.91 (39.300) 0.83 (64 669) 0.71 0.67 107 32 (100.68, 114 40)
Tmax (br) (d.g)  2.50 (1.500, 4.000) 2.50 (1.500,4.050) 250 2.50 —
Lrine (Day 12}

Ae(0-24) (ug)
Ae(0-48) (ng)
CLx(0-24) (L'hr)
CLx(0-48) (L'hr)
Fe(0-24) (%)
Fe(0-48) (%)

612.30 (59.431)
756.91 (58.557)

11.87 (21.314)
11.80 (19.835)
2.96 (59.431)
3.66 (58.557)

561.05 (58.938)
694.84 (58.365)
12.43 (22.498)
12.33 (23.339)
2.72 (58.938)
3.36 (58.365)

SYR-322 S5 1zomer

All concentration data were BLO).

Sources: Tables 15214, 1521 5and 152.1.12.
T=test treatment=treatment C, R=reference treatment=treatment A, —=not applicable.

{a) n=26 for arithmetic mean AUC(D-24), AUC{0-48), Coun (SYR-322 + pioglitazone only), Tmax
(median), and CLr for SYR-322 M-I; n=25 for Cmin for SYR-322 M-I (SYR-322 alone).

{b) n=29 for LS mean Ctrough for SYR-322 and S5YR-322 M-II: n=27 for Tmax (median} for SYR-322 and

SYR-322 M-IT; n=26 for all parameters for M-I except Ctrough (n=27).

{c) Ratios and confidence intervals are presented as percentages.

d) Tmax is presented as median (minimum, maximum).

f) P=0.016.

(
(€) P=0.048.
(
(2) P=0.092.
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4.2.17 Study SYR-322-025: A Phase 1, Open-Label, Randomized, Multiple-Dose,
Crossover Study to Assess the Drug-Drug Interaction of SYR-322 and
Atorvastatin

Methods: Subjects received alogliptin 25 mg QD for 7 days, atorvastatin 80mg QD for 7
days and alogliptin 25 mg+atorvastatin 80 mg QD for 7 days by the randomized
crossover design under an overnight fasting condition (Figure 38). Pharmacokinetic
sampling schemes are summarized in Table 53. Statistical significant was assessed for
natural logarithms of AUC and Cmax. The drug interaction was assessed using LSM
ratios.

Results: Alogliptin 25 mg QD for 7 days increased atorvastatin AUC and Cmax by 14%
and 13%, respectively. Alogliptin increased 2-OH-atorvastatin AUC by 12% and 4-OH-
atorvastatin AUC and Cmax by 11% and 23%, respectively (Table 54 and Table 55).

Treatment Periods (ab.c.d)
2

1 2 3
Days | Days | Days | Days | Days

Pretreatment Sequence | 1-7 814 [ 1-7 8-14 1-7

I . . .

A WO B WO C

Baseline/ (n=8) !

Screening Check-in I . —— . — A

Days -28to0-2| Day-1 \ (n=8) ¥ )
111 ; —
(@=8) C Wo A WO B

A=SYR-322 25 mg QD (reference treatment), B=atorvastatin 80 mg QD (reference treatment),
C=5YR-322 25 mg + atorvastatin 80 mg QD (test treatment), ET=Early termination, WO=washout.

(a) Subjects were randomized on Dav 1 of Treatment Period 1.

(b) Subjects were confined to the clinic from the evening prior to dosing (Day -1 of Treatment Period 1 and
Dav 14 of Treatment Periods 1 and 2) through Day 8 of each treatment period.

(c) Subjects were dosed on Days 1-7 of each treatment period.

(d) Blood samples for pharmacokinetic analyses were collected on Davys 1 and 4-8 of each treatment period
and vrine samples for pharmacokinetic analvses were collected on Days -1 to 1 of Treatment Period 1 and
Days 7-8 of each treatment period; urine samples were collected only during Treatments A and C. Blood
samples for possible pharmacoedynamic analysis were collected on Days 7-8 of each treatment period.

Figure 38 Schematic of study design
Table 53 Phar macokinetic sampling for drugs
plasma
HMG-CoA Reductase
Period Study Day Scheduled Time Pharmacokinetics Inhibition
1.2.3 1.4-6  Predose (-15 minutes) X
7 Predose (-15 minutes) and 2, 4, and X
12 hours postdose
7 Predose (-15 minutes) and 0.25, 0.5, X

0.75,1,15,2,25,3,4,6, 8, and
12 hours postdose

8 16 and 24 hours postdose X X
urine
Period Study Day Scheduled Time
1 ltol Predose from -12 to 0 hour
land2,2and 3,0orland3 7Tto$8 0-4, 4-8, 8-12, and 12-24 hours after the Day 7 dose
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Table54 atorvastatin and its metabolites phar macokinetics on Day 7

Arithmetic Mean (%0CV) LS Mean
SYR-312 SYR-322
15mg QD + I5mg QD+ Atorvastatin
Atorvastatin Atorvastatin Atorvastatin 30 mg QD
Analyte ~ 80mgQD(T) S0mgQD® S0mgQD()  (R) Ratio (T/R)-100
Parameter (units) n=13 n=24 n=13 (f) n=24 (f.g) {90% CI) (a)
Atorvastatin
AUCI0-24) 27524 (36.711) 22093 (48.430) 23071 20096 114.17 (101.36, 128.39)
(ng-hr/ml)
Cmax (ng/ml) 68.30(73.188) 33.73 (54949 35.79 4952 112.66 (9543, 133.00)
Cmin (ng/ml) 0.84(52.774) 0.78 (46.048) 0.75 0.71 105.45 (90.58, 122.76)
Tmax (hr) (b.c) 2.00 {0.500, 6.000) 1.00 (0500, 4.000) 200 1.00 —
I-Hydroexyatorvastatin
AUCI0-24) 29780 (45319) 24913 (31.638) 26596 23738 111.93 (100.11, 125.18)
(ng-hriml)
Cmax (ng/ml) 57.88(534.439) 4933 (32.620) 50.03 46.68 10719 (91.99, 124.20)
Cmin (ng/ml) 1.20(53.330) 0.97 (42.728) 1.05 0.90 116.64 (104.79, 129.84)
Tmazx (hr) (b.d) 1.50 (0500, 8.000) 1.50 (0750, 4.000) 1.30 1.50 —
4-Hydroxyatorvastatin
AUCI0-24) 40.80 (85.278) 33.033 (63230 32.03 28.86 110.97 (97.73. 126.00)
(ng-heiml)
Cmax (ng/mL) 5.32(112.442) 3.47 (68.716) 3.31 286 122.73 (98.39, 153.11)
Cmin (ng/ml) 0.37 (64.744) 0.32(58.139) 0.31 0.29 106.06 (95.58, 117.70)
Tmax (hr) (be)  3.00(0.750, 12.000)  4.00 (1.500, 8.000) 3.00 4.00 —

Sounrce: Tables 152.1.15 and 152.1.16.

T=test treatment (treatment C), R=reference treatment (treatment B).
(a) Raties and Cls are presented as percentages.

(b) Median (minimum, maximum) values are presented for Tmax.
(c) P=0.084.

(d) P=0.540.

(e) P=0.461.

(f) 24 umque subjects were included in the analysis.

(g) =23 for Tmax.

Page 82 of 156



Table 55 alogliptin and its metabolite phar macokinetics on Day 7
Arithmetic Mean (%CV) LS Mean
SYR-312 SYR-321
15 mg QD + 25mg QD+ SYR-322
Analyte . Atorvastatin SYR-322 Atorvastatin 25 mg QD Ratio (T/R)-100
Parameter (units) 30mgQD(T) 25mgQD(R) B0mgQD(T) (R) (90% CT) (a)
SYR-222 Plasma n=13 n=11 n=13 n=13
ATIC{0-24) 1344 87 (19.188) 134094 (17.172) 1321.79 132086 10007 (96.35 , 103.94)
(ng-hr/ml)
Cmax (ng'ml) 162.54 (23.930)  151.39(29.892) 158.04 14542 108.68 (96.26. 122.70)
Cmin (ng/ml) 21.36(26.109) 20.72(23.232) 2068 2020 102.41 (99.70 , 105.19)
Tmax (hr) (b.c) 0.73{0.500, 4.000) 1.00 (0.500, 4.000) 0.73 1.00 —
SYR-3212 Urine n=13 n=13
Ae{0-24) {mg) 15.05(18.213%) 15.79(19.212) — — —
CLr(0-24) (L'hr) 11.57(22.391) 12.11 (24.438) — — —
Fe(0-24) (%a) 60.21(18.213%) 63.17(19.212) — — —
SYR-322 M-I Plasma n=21 n=22 n=21 (¢} n=11 (e)
AUIC[0-24) 1924 (737500 16.40 (73.866) 1497 1237 11934 (107.35,132.67)
(ng-he'ml)
Cmax (ng/mlL) 1.27 (76.370) 1.09 (66.263) 1.02 (.39 11447 {102.73 , 127.35)
Cmin (ng/ml) 045 (77.087) 0.40 (71.900) 0.39 0.35 112.72{102.29 , 124 27)
Tmax (hr) (b.d) 1.25 (0,300, 6.000) 2.00 (0.730, 6.000) 1.25 2.00 —
SYR-322 M-I Urine n=13 (f) n=13 (f)
Ae{0-24) (mg) 029 (20.741) 0.26 (82.984) — — —

CLi(0-24) (L)
Fe(0-24) (%)

1660 (25.859)  17.59 (42.003)
1.66 (80.741)  1.48 (82.984)

Source: Tables 15215, 15.2.1.6, and 15.2.1.9.
T=test Treatment (treatment C), R=reference treatment (treatment A).
(a) Ratios and Cls were presented as percentages.
b) Median (minimum, maximum) values are presented for Tmax.

(
(
(
(
(

c) P=0.015.

dy P=0.177.

e) n=21 for Cmin.
f) n=22 for CLr.
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4.2.18 Study SYR-322-029: A Phase 1, Multiple-Dose, Open-Label, Randomized, 3-
Period Crossover Study to Evaluate the Effect of SYR-322 on the
Pharmacokinetics of Digoxin in Healthy Subjects

Method: Subjects received alogliptin 25 mg QD for 10 days, digoxin 200 ug QD for 10
days, and alogliptin 25 mg+digoxin 200 pug QD for 10 days by the randomized crossover
design in the morning (Figure 39). Pharmacokinetic sampling schemes are summarized in
Table 56. Alogliptin concentrations in human plasma and urine were measured using
HPLC/MS with validated concentration ranges of 1.00 ng/mL to 1000 ng/mL for plasma
and 5.00 to 5000 ng/mL for urine. Digoxinconcentrations in human plasma and urine
were measured by radioimmunoassay with validated concentration ranges of 0.150
ng/mL to 8.00 ng/mL for plasma and 1.00 ng/mL to 40.0 ng/mL for urine.

Results: There was no significant pharmacokinetic interaction between alogliptin and
digoxin at steady-state (Table 57).

Treatment Periods (a.b.c)
1 2 3
Days Days Days
1-10 Days 1-10 Days 1-10
Pretreatment Sequence | Dosing | 11-22 |Desing| 11-22 | Dosing
I .
A B C
(n=8) Study
Screening Check-in I . . Exit/ET
WO WO —_————
Days -21 to -2 Day -1 (n=8) B ! c ! A Day 11
m
(n=8) C A B

A=SYR-322 25 mg QD (reference treatment), B=digoxin 200 ug QD (reference treatment), C=STYR-322 25 mg QD + digoxin
200 pg QD (test treatment), WO=washout, ET=early termination.

(&) Swbjects were confined to the clinic from the evening prior to dosing (Day -1 and Day 22 of Period 1 and Day 22 of Pericd 2)
through Day 11 of every period.

(b)) Subjects were dosed on Days 1 through 10 of every treatment pericd.

(<) Blood samples for pharmacckinetic analysis were collected on Day 1 and Days 7 to 11 of each treatment period. and urine
samples for pharmacclinetic analysis were collected on Days -1 to 1 and Days 10 to 11,

Figure 39 Schematic of study design
Table 56 Phar macokinetic sampling for drugs
plasma
Treatment Period Study Day Scheduled Time (a)
1,2, and 3 1 Predose (within 0.50 hour prior to dosing)
7-0 Predose (within 0.25 hour prior to dosing)
10 Predose (within 0.25 hour prior to dosing), and 0.25, 0.50,0.75, 1, 1.5, 2,
3.4, 6, 8, and 12 hours postdose
11 16 and 24 hours post Day 10 dose

(&) Samples sizes were 6 mL for Treatments A and B (reference treatments: SYE-322 alone and digoxin alone), and
2x6 mL for Treatment C (test treatment: SYR-322 + digoxin).

urine
Period Study Day Scheduled Time
1 -ltel Predose from -12 to 0 hour
1.2, and 3 10to 11 0 to 24 hours after the Day 10 dose
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Table57 digoxin and alogliptin phar macokinetic parameters
Arithmetic Mean (%CV) LS Mean
Treatment C Treatment C
SYR-312 SYR-322
15 mg QD + Treatment B 15mg QD+ Treatment B
Digoxin Digoxin Digoxin Digoxin Ratie (T/R)-100
Parameter (units) 200 pg QD (T) W0 pg QD (K) 200 ng QD (T) 200 pg QD (R) {(90% CT) (a)
Digoxin Plasma
AUC(0-24) (ng-hr/mL) 1396 (15.814) 14.00 (19.081) 1376 13.80 99.71 (96.02, 103.55)
Cmax (ng/ml) 1.92 (23.597) 2.05(28.101) 1.86 1.98 94.16 (85.16, 104.11)
Cmin(0) (ng/mL) 0.41 (20.119) 0.43 (24.300) 0.41 0.42 9743 (91.34, 103.93)
Tmax (hr) (b) 0.88 (0.500. 1.300) 0.75 (0.300. 24.000) 1.00 073 —
CL/F (L) 14.64 (14.501) 14.74 (17.465) — — —
Digoxin Urine
Ae(0-24) (mg) 0.11 (19.849) 0.11(17.833) 0.11 0.10 101.15 (96.48, 106.05)
CLr (L/hr) 7.77 (21.671) 7.73 (22.557) 7.66 755 101.45 (97.15, 105.93)
Sources: Tables 15.2.1.11,15.2.1.12, and 15.2.1.14.
— =not applicable, T=test treatment, R=reference treatment.
n=24 for all arithmetic means of the test treatment.
n=23 for all arithmetic means of the reference treatment and for the ANOVA.
{a) Ratios and Cls are presented as percentages.
{b) Tmax is presented as median (minimum, maximum); P=0.614.
Arithmetic Mean (%0CV) L5 Mean
Treatment C Treatment C
SYR-3121 SYR-312
13 mg QD+ Treatment A I5mg QD+  Treatment A
Digoxin SYR-222 Digoxin SYR-222 Ratio (T/R)-100

Parameter (units) 200 ng QD (T) 25 mgz QD (R) 200 pg QD(T) 25 mg QD (R) {90% CT) (a)
SYR-322 Plasma
AUC0-24) (nghrml) 152302 (17910} 148062 (192.310) 1497 57 1456 .89 102.79 (99 46, 106.23)
Cmax (ng/mL) 162.08(23.93) 14877 (28.71) 158.95 14348 110.79 (101.61, 120.80)
Cmin(0) (ng/mL) 16.43 (25.4T) 2621 (25.87) 25.61 2552 100.36 (97.10, 103.73)
Tmax (he) (&) 1.00 (0.300, 4.000) 1.00 (0,730, 4.000) 1.00 1.00 —
CL/F (L) 1692 (18.039)  17.53(20.711) — — —
SYR-311 Urine
Ae(0-24) (mg) 13.80(25.716)  13.94 (23.437) 13.45 1363 98.58 (90.72, 107.12)
CLr (Lihr) 9.20 (26.819) 9.59 (23.025) 808 9.37 95.90 (87.63, 104.97)

Sources: Tables 15.2.1.4,15.2.1.5, and 15.2.1.7.

— =not applicable, T=test treatment, E=reference treatment.

n=24 for all arithmetic means of the test treatment.

=23 for all arithmetic means of the reference treatment and for the ANOVA.
(a) Ratios and Cls are presented as percentages.

{b) Tmax 1s presented as median (minimum, maximum); P=0.025.
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4.2.19 Study SYR-322-005: A Randomized, Open-label Study to Evaluate the
Pharmacokinetics of SYR-322 When Administrated with Food and When
Coadministered with Metformin or Cimetidine

NDA22271, SYR-322/005 Study date April 7 to June 1 2005
A Randomized, Open-label Study to Evaluate the Pharmacokinetics of SYR-322 When
Administrated with Food and When Coadministered with Metformin or Cimetidine

Background: Results from phase 1 study (SYR-322-001) in healthy volunteers showed
that 60% to 71% of the SYR-322 dose was excreted unchanged in the urine at the dose
range of 25 to 800 mg of SYR-322. In addition, the renal clearance of SYR-322 exceeded
the glomerular filtration rate (GFR), suggesting that SYR-322 undergoes active renal
tubular secretion. It is hypothesized that SYR-322 is likely secreted through the cationic
transporter systems of the proximal renal tubule. This study was aimed to investigate the
potential drug-drug interaction between SYR-322 and other renally excreted compounds.

The biguanide metformin is a highly cationic compound and it undergoes active renal
secretion via the proximal tubular system. As a DPP4 inhibitor, SYR-322 reduces plasma
glucose by a different mechanism of action as compared to metformin. The combination
of SYR-322 and metformin may potentially be used to improve the glycemic control in
patients with type 2 diabetic mellitus. Thereby, the drug-drug interaction between SYR-
322 and metformin is evaluated in this drug-drug interaction study. This study also
evaluates drug-drug interaction between SYR 322 and cimetidine as the later is known to
affect the pharmacokinetics or renally excreted cationic compounds.

Objectives.
1. To assess the effect of food administration on the pharmacokinetics of SYR-322.

2. To evaluate the effect of metformin or cimetidine on the steady-state
pharmacokinetics of SYR-322 in healthy volunteers.

3. To evaluate the effect of SYR-322 on the steady-state pharmacokinetics of metformin
or cimetidine in healthy volunteers.

Study Design:

This was a randomized, open-label, single-center, 2-phase, single-dose and multiple-dose
study conducted in healthy male and female subjects. The study dose was administered
orally with 240 mL of water in the morning after at least 8 hour fast. Subjects were
required to continue fasting for 1 hour post dose.

Single-dose phase: In the first phase of the study, a 2-period crossover design was used
to examine the effect of food on the pharmacokinetics of SSYR-322 after a single oral
dose. There was 96 hour washout between the two periods.

Period 1: All subjects received a single oral dose of SYR-322 after an overnight
fast of at least 10 hours (fast condition) or immediately after consuming
a standard high-fat meal (fed condition).
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Period 2: All subjects received a single oral dose of SYR-322 under the alternate
conditions.

Multiple-dose Phase: In the second phase of the study, a three-way crossover study
design was used to assess the drug-drug interaction between SYR-322 and metformin or
cimetidine. Subjects were randomized into metformin arm or cimetidine arm. In each
arm, subjects received three treatments listed below in a crossover fashion.

Metformin arm:
e SYR-322 100 mg QD for 6 days
e Metformin 1000 mg BID for 6 days.
e SYR-322 100 mg QD + Metformin 1000 mg BID for 6 days

Cimetidine arm:
e SYR-322 100 mg QD for 6 days
e (Cimetidine 400 mg QD for 6 days.
e SYR-322 100 mg QD + Cimetidine 400 mg QD for 6 days

A 96 hour washout period separated each of the three periods. Plasma and urine samples
were collected over 96 hours post dose on day 6 in each period for the determination of
plasma drug concentration of SYR-322 and metformin or cimetidine.

Food content for the breakfast: Subjects were provided a standard high-fat meal that
was consumed within 30 minutes. Subjects received the SYR-322 dose immediately after
completing the meal. The standard high-fat meal consists 2 eggs (fried in butter), 2 strips
of beacon, slices of toast with butter, 4 oz of hash brown potatoes (fried with butter), and
8 0z (240 mL) of whole milk.

PK sampling: Blood samples were collected at predose, 0.25, 0.5, 1, 2, 3,4, 6, 8, 12, 16,
24, 48, 72 and 96 hours post dose on days 1 of both periods for the single dose phase.
Samples were collected prior to dosing (for the measurement of the trough level) at Days
4,5 and 6, and then on Day 6 at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 24, 48, 72 and 96 hours
post dose.

Urine samples were collected immediately prior to dose (0 hour) and at the interval of 0
to4,4t08,8to 12, 12 to 16, 16 to 24, 24 to 48, 48 to 72 and 72 to 96 hours after dosing
for both the single dose and multiple dose phase.

PK analysis: Plasma PK data were analyzed using noncompartmental (NCA) analysis.
AUCt in single dose study, AUCT in multiple dose study, AUCinf, Cmax, Tmax, Ty,
CL/F, Vz/F, accumulated urine excretion XUy.g¢ oy Were calculated.

Statistical Analysis: Descriptive statistics were applied to summarize the PK parameters.
An analysis of variance (ANOVA) was performed on log-transformed PK parameters to
evaluate the food effect and to assess the drug-drug interactions. The geometric mean
ratios and 90% confidence intervals (Cls) of AUCinf for single dose study or AUCT for
multiple dose study and Cmax of SYR100322 and the interacting drugs were estimated.
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If the 90% CI fell within 80% to 125% for AUC and Cmax, then the presence of food
effect or drug-drug interactions were excluded.

Results:

1. Food effect. PK parameters and summary statistics of SYR-322 were listed in Table 58.
Table 59 provides the geometric mean ratios (GMRs) of AUCT and Cmax of SYR-322 in
healthy volunteers receiving a single dose of SYR-322 100 mg under fasted and fed
conditions. The 90% confidence interval (CI) of GMR (SYR-322 fed/SYR-322 fasted)

of AUCT of plasma SYR-322 fell within the boundary of 80% to 125%; while 90% CI of
GMR of Cmax was slightly out of the range of 80% to 125%.

e Plasma AUCT and Cmax of SYR-322 had 4.7% and 14.4% reduction in GMR.
e The 90% CI for AUC was 93.8% to 96.8%.
e The 90% CI for Cmax was 79.8% to 91.7%.

These results suggested that food has no effect on the extent of absorption of SYR-322
and may have minor effect on the rate of absorption of SYR-322.

Table 58 PK parametersof SYR-322 following a single oral dose of SYR-322 100 mg under

fast or fed conditionsin healthy subjects.

Parameter/

SYR110322 100 mg Fasted SYR110322 100 mg Fed

Statistic (N = 36) (N =236)
AUCq (ng=h/ml )

hean 6917 6577

CWee 16 16
AUC e (ngeh/ml)

hean 7056 6723

CVe 16 16
Cmr_t fll? IIJL:'

hean 6079 5269

CWV3% 26 33
Toe @

Median 2.00 251

Iin, Max 05 60 03 41
tra (1)

Mean 20.96 20.50

CWVe 16 16
CL/F (L)

Mean 14.51 15.23

CWV% 15 15
VJ/F (L)

Mean 440 449

CVe 23 20
KUpgs (mg)

IMean 73.82 7478

CWV3% 14 12
FeVopas

Mean 73.82 74.78

CWVe% 14 12
CLr (L}

IMean 10.66 11.30

CWV3% 19 13

Source: Tables 14.2.1 2 and 142,15
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Table 59 Geometric mean, GM ratiosand 90% CI of SYR-322 in healthy subjectsfollowing a
single oral dose of SYR-322 100 mg under fast or fed conditions.

Table 7. Amnalysis of Food-Effect on the Single-Dhose Pharmacokinetics of SYR110322
- Geametric L5 Ratio of LS . F Values
N o
Parameter Treatment 3 mMEeans Means S0t 1 Treatment Feriod Sequence
AUCq e (nz"h'mL) 100 mg Fasted 36 §971.27
100 mg Fed 36 §643.81 0.953 0938, 0.068 <0001 0.243 0826
Canas {02/mL) [ 100 mg Fastd |IEE| 587.27 | | | |
[ 100wz Fed [38 [ sS04 | 085 [ omeoer | el | 0132 [ 095

Source: Table 1421351

Maote: An ANOWA model was performed on log-trapsformed paramaters. The mods] included saquence. period, and treatment as fixed effacts, and subject nested
within sequence 25 2 randem effect. Point estmares and 80% CIs for differsnces an the log scale were exponentated to i estimates for ratios of geometric
means oo the oripial scale
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FreE i
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< = S¥R110322 100 mg rocted T = SYR110322 106 mg Fad

Figure 40 Average plasma concentration of SYR-322 following a single oral dose of SYR-322
100 mg in healthy male subjectsunder fast or fed conditions.

2. Drug-drug interaction between SYR-322 and cimetidine or metformin

PK parameters and summary statistics of SYR-322, cimetidine and metformin were listed
in Table 60 to Table 63, respectively. Table 64 provides the geometric mean ratios
(GMRs) of AUCt and Cmax of SYR-322 in healthy volunteers receiving multiple dose
of SYR-322 alone and in coadministration of multiple doses of cimetidine. Table 65 and
Table 66 provides the geometric mean ratios (GMRs) of AUCT and Cmax of cimetidine
or metformin in healthy volunteers receiving multiple dose of cimetidine or metformin
alone and in coadministration of multiple doses of SYR-322.

SYR-322 in the presence of cimetidine

e Plasma AUCTt and Cmax of SYR-322 had 6.5% and 4.8% increase in GMR,
respectively.

e The 90% CI for AUCTt was 103.2% to 109.9%.
e The 90% CI for Cmax was 98.4% to 111.6%.

SYR-322 in the presence of metformin

Page 89 of 156



e GMRs of plasma AUCT and Cmax of SYR-322 had no change and 10.5%
reduction, respectively.

e The 90% CI for AUCT was 97.2% to 102.9%.
e The 90% CI for Cmax was 82.0% to 97.7%.

Cimetidine
e GMRs of AUCT and Cmax of cimetidine had 4.3% increase and 0.7% reduction,
respectively.

e The 90% CI of GMR for AUCTt was 98.2% to 110.7%.
e The 90% CI of GMR for Cmax was 90.7% to 108.7%.

Metformin
e GMRs of AUCT and Cmax of metformin had 18.9 and 0.4% increase,
respectively.

e The 90% CI of GMR for AUCTt was 109.5% to 129.1%.
e The 90% CI of GMR for Cmax was 91.9% to 109.7%.

These results suggested that metformin or cimetidine has no effect on the extent and rate
of absorption of SYR-322 at steady state. SYR-322 has no effect on the absorption of
cimetidine at steady state. SYR-322 has no effect on the rate but a minor effect on the
extent of the absorption of metformin at steady state. Combining no change in Cmax and
an increase of 18.9% in AUCT of metformin, SYR-322 is unlikely to cause a clinical
significant effect on metformin.

Table 60 PK parametersof SYR-322 in healthy subjects following multiple oral doses of
SYR-322 100 mg QD alone or in coadministration with multiple oral doses of 400
mg cimetidine QD.

SYRI110322 100 mg Cimetidine 400 mg QL» +
(Cimetidine Armm) SYRI1L10322 100 mg QD
N=18) (N =18)

AUC o (ng=h/ml .}

hdean G944 7397

CWee 18 18
Cre (mg'ml )

hean G569 8 6987

CWie 28 26
Toeee (B

hiedian 300 3.00

hdin, hlax 0.5.40 0.3 6.0
tra.= (h)

hdean 22827 21.84

CW e 22 15
CL/F (L/h)

hiean 14 85 13.94

CW e 18 18
WF (L)

hiean 486.4 4402

CR e 24 23
HUpas (mg)

hdean 103282 103 48

CWee 9 14
Fe%ages

hiean 10382 103 .48

CW e ] 14
CLr (L/h}

hean 10.42 984

CWee 14 15
Source: Tables 14222 1 and 142251
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Table 61

mg metformin BID.

PK parametersof SYR-322 in healthy subjects following multiple oral doses of
SYR-322 100 mg QD alone or in coadministration with multiple oral doses of 1000
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SYRI1I1032Z 100 mg Metformin 1000 mg BID +
(Aetformin Arm) SYRI1103X2 100 mg QD
(N=17) (N =17
AU oo (ng=h/mal )
hiean &081 6061
ChW e 17 16
Crnese tng'ml
hiean 2000 TOQ_5
CW e 29 23
T o (B
hiedian 1.00 1.00
Dlin, Max 0.3.4.0 0.3.6.0
troe ()
hiean 21.23 21 .99
e 2 15
CL./F (L)
hiean 14.67 147
C2e 15 15
WF (L)
hdean 4402 463 8
CWee 20 17
H U os (1)
hiean 98 40 9738
CWae 11 11
FeYopss
hiean S8 40 97 .38
Cwee 11 11
CLr (LI
hiean 1048 1015
Chee 16 19
Source: Tables 14 2.2 2 1 3
Table 62 PK parametersof cimetidine in healthy subjectsfollowing multiple oral doses of 400
mg cimetidine QD alone or in coadministration with multiple oral doses of 100 mg
SYR-322 QD.
Table 11. Multiple-Dose Pharmacokinetic Parameters for Cimetidine
Cimetidine 400 mg QD
Cimetidine 400 mg QD + SYR110322 100 mg QD
N =18) (N =18)
AUC o (pg=h/ml}
hiean 11 11
e 22 20
Canex (g/mL}
hean 2
CWVoe 31
Toox (h)
hedian 3.00
Min, Mlax 1.0.4.0
iz ()
hean 10.44
Ch e 75
CL/F (L)
hean 3g.02 356.51
Chee 19 21
WF (L)
MMean 28762 5833
e 24 o1
M pas (g
hdean 24336 25232
CWVee 17 15
Fe%opos
Mean 51.34 §3.08
Chee 1 15
CLr (L)
Mean 2322 2279
Chee 23 20
Source: Table 142222 and 142252




Table 63 PK parametersof metformin in healthy subjects following multiple oral doses of
1000 mg metformin BID alone or in coadministration with multiple oral doses of

100 mg SYR-322 QD.

Table 13. Multiple-Dose Pharmacokinetic Parameters for Metformin
MMetformin 1000 mg BID Aetformin 1000 mg BID
+ SYRI110322 100 mg QD
N =1T7) N=1T)

AUC g (ng=h/mL)

Mean 10449 12393

CWee 25 25
Cornae (ng/ml )

MMean 16425 19519

CWe 26 27
Toeax (h)

MMedian 1.03 2.00

MMin, Max 0.5, 2. 1.0.3.0
tra= (h)

MMean 19.04 17.29

CWee 44 51
CL/F (L/h)

MMean 10240 B5.56

CWee 29 25
WF (L)

MMean 26721 2091.5

e 3 40
KU gps (mg)

NMean 42727 438 90

CWe 31 26
Fe¥boss

Mean 4273 4890

CWee 31 26
CLr (L/h)

Mean 26.65 26.55

CWe 14 20
Source: Table 14222 3 and 1422 53

Table 64 Geometric mean ratios and 90% CI in AUCt and Cmax of SYR-322 in healthy
subjects at steady state following multiple oral doses of 100 mg SYR-322 QD alone
or in coadministration with multiple oral doses of 400 mg cimetidine QD or 1000 mg
metformin BID.

Table 10. Analysis of the Effects of Cimetidine and Metformin on the Steady-
State Pharmacokinetics of SYR110322
Geometric | Ratio of LS
Parameter Treatment N L5 means Means 0% C1
AUC),, (ngth/ml) SYRI110322 100 mg QD 18 683218 1.065 1.032,1.099
Cimetidine 400 mg QD + Tnga =
SYRI110322100mg QD | 15 | 72834
Cpgy (nz/ml ) SYR110322 100 mg QD 18 64505 1.048 0084 1.116
Cimetidine 400 mg QD + 18 677.08
SYR110322 100 mg QD -
AUC),, (nzh/ml) SYR110322 100 mg QD 17 5803 43 1.000 0.972,1.028
Metformin 2000 mg BID + 17 6893 76
SYRI110322 100 mg QD ' o
Cpgy (nz/ml ) SYR110322 100 mg QD 17 769.90 0.895 0.820,0.977
Metformin 2000 mg BID + -
SYR110322100meQD | 17 | 65888

?2_:11.1'::&_: T_a]_:'.e 142231,
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Geometric mean ratios and 90% CI in AUCt and Cmax of cimetidine in healthy

Table 65
subjects at steady state following multiple oral doses of 400 mg cimetidine QD alone
or in coadministration with multiple oral doses of 100 mg SYR-322 QD.
Table 12. Analysis of the Effects of SYR110322 on the Steady-State
Pharmacokinetics of Cimetidine
Geometric Eatio of
Parameter Treatment N LS means LS Means 90% CT
AUC g (pe*himlL) Cimetidime 400 mg QD 12 10.72 1.043 0.982,1.107
Cimetidine 400 mg QD+ | | g gy g
SYR110322 100 mg QD )
Conre (ngml} Cimetidine 200 mgz QD 18 207 (903 0907, 1.087
Cimetidine 200 mg QD+ | | g 105
SYR110322 100 mg QD ] o

Source; Table 1422372

Geometric mean ratiosand 90% CI in AUCt and Cmax of metformin in healthy

Table 66
subjects at steady state following multiple oral doses of 1000 mg metformin BID
alone or coadministration with multiple oral doses of 100 mg SY R-322 QD.
Table 14. Analysis of the Effects of SYRI110322 on the Steady-State
Pharmacokinetics of Metformin
Geometric Ratio of
Parameter Treatment N LS means L5 Means 90 CT
AUC ;o (ng=h/ml ) Metformum 1000 mg BID 16 10112.82 1.189 1.095,1.291
Metformun 1000 mg BID + p 1202275
SYR110322 100 mz QD e
Coex (ng/ml) Metformun 1000 mg BID 16 1867.73 004 0.919,1.097
Metformin 1000 mg BID+ | | S
SYR110322100mgQD | 'O | 78

Source: Table 142233,

Conclusions:
Metformin or cimetidine has no effect on the extent and rate of absorption of
SYR-322 at steady state.

e SYR-322 has no effect on the absorption of cimetidine at steady state.

SYR-322 has no clinical significant effect on the rate and the extent of the
absorption of metformin at steady state.

Food has no effect on the extent of absorption of SYR-322 and may have minor
effect on the rate of absorption of SYR-322.

Comments:
Results from this study suggested that food had some effect on the rate of

absorption of SYR-322 as the Cmax of SYR-322 had 14.4% reduction under the
fed conditions as compared to the fasted conditions and the 90% CI of GMR
ranged from 79.8% to 91.7%. However, results also suggested that the AUCt was
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4.2.20

not affected by the high fat meal. Overall, the small change in Cmax and no
change in AUCt suggest that food may not have clinically significant impact on
the exposure to SYR-322.

The sponsor used the standard high-fat meal specified by the FDA guidance,
which is acceptable.

The terminal elimination half-life of SYR-322 is approximately 22 hours;
therefore the 96 hour washout period is approximately more than 4 half-lives,
which is acceptable but not optimal.

In the drug-drug interaction study, subjects received 6 days QD dosing of SYR-
322 to reach steady state. The half life of metformin and cimetidine ranged 10-15
and 17-19 hours, respectively. Thereby the 6 days dosing of SYR-322 and the
interaction drug is reasonable to reach steady state.

Half-life of cimetidine was 15 when administered alone and 10 hour when
coadministered with SYR-322. These half life values were significantly longer
than reported values (2 to 4 hours) in literature. The sponsor mentioned that a
more sensitive assay was used in the plasma sample analysis. The 10 fold
improvement in the analytical method allowed for the quantitation of plasma
samples at the terminal elimination phase, which would have been below
detection according to the previously cited study. The mean of CF/F and CLr of
the cimetidine did not change with the presence of SYR-322, suggesting that
coadministration of SYR-322 has no effect on the clearance of cimetidine.

Coadministration of SYR-322 with metformin resulted in 18.9% increase in
AUCT and the 90% CI of GMR for AUCT was 109.5% to 129.1%. The results
suggested an interaction between the two drugs; however the magnitude of
change (less than 30%) would probably have no clinical effect, requiring dose
adjustment of metformin in patients with normal renal function.

Study SYR-322-016: The effect of Multiple Doses of Fluconazole, Ketoconazole,
or Gemfibrozil on the Single-Dose Pharmacokinetic Profile of SYR-322 in
Healthy Subjects

NDA; 22-271/Study 016 Study date January 9 to February 7 2006
The effect of Multiple Doses of Fluconazole, Ketoconazole, or Gemfibrozil on the
Single-Dose Pharmacokinetic Profile of SYR-322 in Healthy Subjects

Background: SYR-322 is excreted mainly be the kidneys, with 60% to 71% of the dose
excreted as unchanged SYR-322 in urine and undergoes minimal metabolism in human.
In vivo study results showed that the exposure to the demthylated metabolite SYR-322
M-I was less than 1% as compared to that of SYR-322 in plasma or urine. A drug-drug
interaction was not expected of SYR-322 with the potent inhibitor of CYP450 enzymes.
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However, the sponsor conducted this clinical study in healthy human subjects to test this
hypothesis.

In vitro assays suggested that CYCP2D6 is primarily responsible for the formation of
SYR-322 M-I. In addition, CYP3A4 is the primary isoform involved in the formation of
minor hydroxylated and/or dehydrogenated metabolites of SYR-322.

In this drug-drug interaction, the sponsor evaluated the effect of fluconazole,
ketoconazole and gemfibrozil on the pharmacokinetics of SYR-322 and its metabolite M-
I in healthy male and female subjects. According to FDA guidance for drug interaction
studies, fluconazole, ketoconazole and gemfibrozil is inhibitor to CYP2C9, CYP3A4, and
CYP2C8/9, respectively. Subjects received antifungal drug fluconazole, ketoconazole, or
lipid-lowering drug gemfibrozil, respectively, for 6 days in order to reach steady state; on
the sixth day, a single oral dose of SYR-322 25 mg was given to these subjects. The PK
of SYR-322 and its metabolite SYR-322 M-I with the presence of these inhibitors at the
steady state was compared to the PK without inhibitors. The comparisons will determine
if multiple doses of fluconazole, ketoconazole and gemfibrozil will have significant
impact on the pharmacokinetics of SYR-322 and its metabolite M-1.

Objectives:

1. To determine the single-dose pharmacokinetics of SYR-322 (25 mg) in the
presence of multiple doses of fluconazole (200 mg QD), ketoconazole (400 mg QD), or
gemfibrozil (600 mg BID) in healthy subjects.

2. To compare the safety and tolerability of a single dose of SYR-322 25 mg when
administered alone and SYR-322 in the presence of multiple doses of fluconazole,
ketoconazole, or gemfibrozil in healthy subjects.

Study Design: This was a phase I, 14-day, open-label, randomized, open-label, single-
center, pharmacokinetic study to evaluate the safety and tolerability of single doses of
SYR-322 when administered alone and with multiple doses of fluconazole, ketoconazole,
or gemfibrozil in healthy male and female subjects, age 18 to 45 years, inclusive. 48
subjects were divided into 3 groups and went through 2 treatments, which were listed as
follow:

Treatment 1: Subjects received orally a single dose of SYR-322 25 mg (reference
treatment).

Treatment 2: Subjects received coadministration of a single oral dose of SYR-322
25 mg on and fluconazole, ketoconazole, or gemfibrozil orally.

Group 1:  Subjects received fluconazole 200 mg QD from day 6 to 11 orally.
Group 2: Subjects received ketoconazole 400 mg QD from day 6 to 11 orally.
Group 3:  Subjects received gemfibrozil 600 mg BID from day 6 to 11 orally.

Subjects will be housed in the clinical research unit for 14 consecutive nights. Subjects
will be fasted over night (for at least 8 hours) prior to each morning dose on Day-1
through Day 11. Following study drug administration on Days 1 and 11, subjects
continued to fast for additional 4 hours post dose. The study dose was administered orally
with 240 mL of water. Subjects received a standardized diet containing approximately
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35% fat during the time of their confinement in the study center, with no addition food or
drink, except water, was allowed. An identical diet was given to all subjects on Day 1 and
Day 11.

Table 67 Schematic drug-drug interaction study design.
Days 3-10 Day 11
Group 1| Fluconazole Fluconazole
(N=16) alone +5YR-322 _
OR \ Check-
I . Single ow
IS;r_e.eniug anih_u.e' dose of Group 1 | Ketoconazole | Ketoconazole \| Day 14
ays -21 | Check-in SYR.327 . P Early
. - SYR-322 (N=18) alone + S5YR-322 / :
to -2 Day -1 Dav 1 /| Termin-
: Y /| ation
N\ OR /
A /!
Y, [Group 3| Gemfibrozil | Gemfibrozil /
\ (N=18) alone +5YR-322 [/

PK sampling: Blood samples were collected on days 1 and 11 at predose, 0.5, 1, 1.5, 2, 3,
4,6,8, 12,16, 24, 36, 48, and 72 hours post dose for the determination of SYR-322,
SYR-322-M-I, and cyclosporine.

Urine samples were collected from the intervals of -10 to 0 hour on day 1 and at 0 to 72
hours post dose on Day 1 and 11 (in 24-hour increments,, 0-24, 24-48, and 48-72 hours)
for the determination of SYR-322 and SYR-322 M-I

PK analysis. PK analysis was conducted using noncompartmental methods with
WinNonlin® version 4.0.1. Data manipulation, tabulation of descriptive statistics, and
inferential statistics were performed using SAS Version 8.02

Statistical analysis. Descriptive statistics were used to summarize the PK parameters
under both fast and fed conditions. To assess the effect of multiple doses of fluconazole,
ketoconazole and gemfibrozil on the PK of SYR-322, ANOVA was performed on the
log-transformed plasma PK parameters of AUCinf, AUCt and Cmax of SYR-322. If the
two-sided 90% confidence interval of AUCinf and Cmax falls within 80% to 125%, then
multiple doses of fluconazole, ketoconazole and gemfibrozil will have no significant
impact on the PK of SYR-322.

Results: The 90% confidence interval (CI) of GMR (SYR-322 + Fluconazole,
ketoconazole or Gemfibrozil/SYR-322) for plasma of SYR-322 and its metabolite M-I
are evaluated, with the effect boundary set at the 80-125% for 90% CI of GMR according
to the Draft Drug interaction Guidance.

1. Effect of fluconazole on PK of SYR-322 and its metabolite M-I

Mean plasma concentration of SYR-322 and metabolite M-I are in Figure 41 and Figure
42, respectively. The effects of multiple doses of fluconazole on the pharmacokinetics of
SYR-322 and its metabolite M-I in plasma are listed below and also shown in Table 68.

. GMR of plasma AUC(0-inf) of SYR-322 decreased 0.87% and the 90% CI
ranged from 96.45% to 101.89%.
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Figure41

Figure 42

GMR of plasma Cmax of SYR-322 decreased by 19.6% and the 90% CI ranged
from 70.10% to 92.28%.

GMR of plasma AUC(0-inf) of metabolite M-I had an increase of 18.8% and
90% CI ranged from 101.03% to 139.57%.

GMR of plasma Cmax of metabolite M-I had an increase of 16.2% and the 90%
CI ranged from 105.93% to 127.48%.
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Table 68 PK parameters of SYR-322 and metabolite M-I in healthy subjects following a
single oral dose of SYR-322 25 mg alone on Day 1 and coadministration with
fluconazole 200 mg QD at Day 11 after pretreatment with fluconazole from Days 5

to 10.
Geometric Mean (a) Ceometric
SYR-31215mg + SYR-311 15 mg Mean Ratio
Fluconazole 200 mg Alone (T/R)*100 90% CI
Parameter, units Day 11 (T) Day 1(R) (%) for Ratio
SYR-321 (n=16)
AUC(0-inf), ng-hrml 1456916 148199 9913 (96.45, 101.89)
AUC(0-dge), ng-hr'ml 1389.40 1414.84 9820 (9535, 101.14)
Cmax, ng/ml 2926 110,98 8043 (70.10, 9228}
Tmax. br (2) (b) 250 1.00
SYR-322 M-I (n=15)
ATUC(D-inf), ng-hr/ml () 2750 23.16 118.73 (101.03, 139.5T)
AUC(0-1ge), ng-hr'ml 1240 10.12 1225 (10472, 143.52)
Cmax, ng/ml 054 047 116.21 (105.93, 127.48)
Tmax_ hr (a) (b) 4.00 4.00 -—

Source: Table 15.2.1.3.

T=test treatment: R=reference treatment.

(a) Medians are reported for Tmax.

(b) P=0.033 for SYR-322 and P=0.633 for SYR-322 M-I tased on Wilcoxon signed rank test.
(c)n=4.

2. Effect of ketoconazole on PK of SYR-322 and its metabolite M-I

Mean plasma concentration of SYR-322 and metabolite M-I are shown in Figure 43 and
Figure 44, respectively. The effects of multiple doses of ketoconazole on the PK of SYR-
322 and metabolite M-I in plasma are shown in Table 69 and listed as follows:

. GMR of plasma AUC(0-inf) of SYR-322 had 15.4% increased and the 90% CI
ranged form 110.99% to 119.97%.

e  GMR of plasma Cmax of SYR-322 decreased by 22.04% and the 90% CI
ranged from 109.55% to 135.94%.

. GMR of plasma AUC(0-inf) of metabolite M-I had an increase of 0.65% and
the 90% CI were 88.30% to 114.74%.

. GMR of plasma Cmax of metabolite M-I had an increase of 36.2% and the 90%
were from 123.42% to 150.24%.
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Figure 43 Mean plasma concentration of SYR-322 in healthy subjects following a single oral
dose of SYR-322 25 mg alone on Day 1 and coadministration with ketoconazole 400
mg QD at Day 11 after pretreatment with ketoconazole from Days 5 to 10.
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Figure 44 Mean plasma concentration of SYR-322 metabolite M-l in healthy subjects

following a single oral dose of SYR-322 25 mg alone on Day 1 and coadministration
with ketoconazole 400 mg QD at Day 11 after pretreatment with ketoconazole from
Days5to 10.
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Table 69 PK parameters of SYR-322 and metabolite M-I in healthy subjects following a
single oral dose of SYR-322 25 mg alone on Day 1 and coadministration with
ketoconazole 400 mg QD at Day 11 after pretreatment with ketoconazole from Days

5to 10.
Geometric Mean (a) Ceometric
SYR-32225mg + Mean Ratio
Ketoconazole 400 mg SYR-32225mg (T/R)°100 90% CI
Parameter, umnits Day 11 (T) Alone Day 1 (R) (%0) for Rartio
SYR-312 (n=16)
AUC(0-nf), ng-hr/mL 171421 148553 115.39 (11099, 119.97)
AUC{0-tlge), ng-hr/mL 1651.05 1413.86 116.78 (112.35,121.38)
Cmax, ng/mL 158.70 130,04 122.04 (109.35, 133.94)
Tmax, hr {z) (b) 1.00 123
SYR-312 AT (n=15)
AUCH-mf), ng-hr/mL (c) 27.37 2719 100.63 (2830, 114.74)
AUC{0-tlge), ng-hr/mL 1194 11.13 106.99 (9531, 120.11)
Cmax, ng/mlL 0.74 0.34 136.17 (12342, 130.24)
Tmax, hr {2 ) (b) 2.00 300

Source: Table 15.2.1.4.

T=test treatment; E=reference treatment.

(a) Medians are reported for Tmax.

(o) P=0.152 for SYR-322 and P=0.097 for SYR-322 M-I. based on Wilcoxon signed rank test.
(c)n=3.

3. Effect of gemfibrozil on PK of SYR-322 and its metabolite M-I

Mean plasma concentration of SYR-322 and metabolite M-I are shown in Figure 45 and
Figure 46, respectively. The effects of multiple doses of gemfibrozil on the PK of SYR-
322 and metabolite M-I in plasma are shown in Table 70 and listed as follow:

. GMR of plasma AUC(0-inf) of SYR-322 had an increased of 12.9% and the
90% CI were from 109.20% to 116.69%.

e  GMR of plasma Cmax of SYR-322 had a decreased of 15.3% and the 90% CI
were from 110.72% to 118.64%.

. GMR of plasma AUC(0-inf) of metabolite M-I had an increase of 91.1% and
the 90% CI were from 164.78% to 221.71%.

. GMR of plasma Cmax of metabolite M-I had an increase of 72.6% and the 90%
Cl were from 157.10% to 189.73%.
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Figure 45 Mean plasma concentration of SYR-322 in healthy subjects following a single oral
dose of SYR-322 25 mg alone on Day 1 and coadministration with gemfibrozil 600
mg BID at Day 11 after pretreatment with gemfibrozil from Days 5 to 10.
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Figure 46 Mean plasma concentration of SYR-322 metabolite M-l in healthy subjects
following a single oral dose of SYR-322 25 mg alone on Day 1 and coadministration
with gemfibrozil 600 mg BID at Day 11 after pretreatment with gemfibrozil from

Days5to 10.
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Table 70 PK parameters of SYR-322 and metabolite M-I in healthy subjects following a

single oral dose of SYR-322 25 mg alone on Day 1 and coadministration with
gemfibrozil 600 mg BID at Day 11 after pretreatment with gemfibrozil from Days 5

to 10.

=

Table 11.k  Statistical Analysis of Plasma Pharmacokinetic Parameters for
SYR-322 and its Metabolite M-I After Administration of SYR-322 With
and Without Gemfibrozil

Geometric Mean (a) Ceometric
S5YR-312 15 mg+ Mean Ratio
Gemfibrozil 600 mg BID SYR-32225mg Alone  (T/R)*100 90% CI
Parameter, units Day 11 (T} Day 1 () (%40) for Ratio
SYR-311 (n=14)
AUC(0-mf), nghr'/mlL 1565.52 147545 112.88 (109.20, 116.69)
AUC{0-tlge). ng-hrmL 1510.74 140541 114.61 (110.72, 118.64)
Cmax, ng/mL 105.466 124.70 8474 (73.30,97.96)
Tmazx, br (a) (b) 3.50 1.50
SYR-322 M-I (n=12)
AUC{0-inf), nz-hr'ml (c) 4207 220 191.14 (164.78, 221.71)
AUC{0-tlge). ng-hr'mL 2138 9.27 23037 (189.34, 280.28)
Cmeax ng/ml 0.89 0.52 172.64 (157.10, 189.73)
Tmazx, hr (a) (b) 6.00 3.00

Source: Table 15.2.1.5.

T=test treatment; R=reference treatment.

(a) Medians are reported for Tmax.

() P=0.047 for SYR-322 and P=0.129 for SYR-322 M-I based on Wilcoxon signed rank test.
(c) n=3.

Reviewer’s conclusions:

The study results suggested that there is no significant difference in the extent of
exposure of SYR-322 in subjects receiving coadministration of a single oral dose
SYR-322 25 mg and 200 mg fluconazole or 400 mg ketoconazole or 600 mg
gemfibrozil as compared to those receiving a single oral dose of SYR-322 25 mg
alone.

Multiple doses fluconazole, ketoconazole and gemfibrozil had no effect on the
extent of absorption of SYR-322 as the point estimate in AUC(0-inf) ranged from
99.13% to 115.39% (100% reflects no change) and the 90% CI were all within
80% to 125% bound.

Subjects receiving multiple doses of fluconazole had a reduction of 19.57% in the
rate of absorption (Cmax) of SYR-322, and the 90% CI ranged from 70.10% to
92.28%. The Cmax is highly variable due to the small sample size. Combining no
change in AUCO-inf and 19.57% reduction in Cmax, multiple doses of
fluconazole may not have significant impact on the PK of SYR-322.

Subjects receiving multiple doses of ketoconazole had an increase of 22.04% in
Cmax of SYR-322 and the 90% confidence intervals ranged from 109.55% to
135.94%. The sample size is small and plasma concentration around Cmax is
highly variable. Considering a 15% increase of AUCO-inf and 22.04% increase in
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Cmayx, it appeared that multiple doses of ketoconazole may not have significant
impact on the PK of SYR-322.

Reviewer’s comments:

Though metabolite M-I has DPP-4 inhibitory activity similar to SYR-322, its
plasma concentration is approximately 0.5% of the SYR-322. Thereby the
changes in metabolite M-I exposure in plasma is unlikely to have clinical
significance and the results are listed for information only.

o

Subjects receiving combination of SYR-322 and fluconazole as compared
to those receiving SYR-322 alone had:

18.75% increase in AUCinf of SYR-322 M-1 (90% CI was 101.03% to
139.57%).

22.59% increase in AUCt of SYR-322 M-1 (90% CI was 104.72% to
143.52%).

16.21% increase in Cmax of SYR-322 M-1 (90% CI was 105.93% to
127.48%).

Subjects receiving combination of SYR-322 and ketoconazole as
compared to those receiving SYR-322 alone had:

0.65% increase in AUCinf of SYR-322 M-1 (90% CI was 88.30% to
114.74%).

6.99% increase in AUCt of SYR-322 M-1 (90% CI was 95.31% to
120.11%).

36.17% increase in Cmax of SYR-322 M-1 (90% CI was 123.42% to
150.24%).

Subjects receiving combination of SYR-322 and gemfibrozil as compared
to those receiving SYR-322 alone had:

91.14% increase in AUCinf of SYR-322 M-1 (90% CI was 164.78% to
221.71%).

130.37% increase in AUCt of SYR-322 M-1 (90% CI was 189.34% to
280.28%).

72.64% increase in Cmax of SYR-322 M-1 (90% CI was 157.10% to
189.73%).

Dose of fluconazole at 200 mg, ketoconazole at 400 mg and gemfibrozil at 600

mg were selected in this drug-drug interaction study. They are within the
therapeutic dose ranges recommended by the manufacturer’s prescribing
guideline.

The terminal elimination half life of fluconazole, ketoconazole and gemfibrozil

were 30, 8 and 15 hours, respectively. Thereby the plasma concentration of these
drugs would most likely reach steady state after once daily dosing for 6 days. The
study design is acceptable.

Page 103 of 156



e The half life of SYR-322 is approximately 21 hours. Thereby at the time of SYR-
322 administration on day 11, most drugs should be eliminated already.

4.2.21 Study SYR-322-020: A Phase 1, Randomized, Open-Label, Single-Dose,
Crossover Study to Determine the Effect of Cyclosporine (Neoral®) on the
Pharmacokinetics of SYR-322 in Healthy Male Subjects

NDA; 22-271/Study 020 Study date: June 2006 — July 2007

A Phase 1, Randomized, Open-Label, Single-Dose, Crossover Study to Determine the
Effect of Cyclosporine (Neoral®) on the Pharmacokinetics of SYR-322 in Healthy Male
Subjects

Background:

SYR-322 is excreted mainly be the kidneys, with 60% to 71% of the dose excreted as
unchanged SYR-322 in urine. Renal clearance of SYR-322 exceeded the glomerular
filtration rate, indicating that SYR-322 was also cleared by active renal tubular secretion.
In SYR-322-015 study, it was found that administration of SYR-322 100 mg QD for 7
days resulted in a slight increase in plasma exposure and urinary excretion of
fexofenadine, a P-glycoprotein (Pgp) substrate.

In this study, the sponsor evaluated the in vivo Pgp inhibitory effect by cyclosporine on
the pharmacokinetics of SYR-322 and its metabolite M-I. Cyclosporine is a potent
immunosuppressant that is used to prevent organ rejection after transplantation.
Cyclosporine is also a Pgp inhibitor and may have impact on the renal clearance of SYR-
322 through its Pgp inhibition.

Objectives:

1. To determine the effect of a single dose of cyclosporine (Neoral™) 600 mg on the
pharmacokinetics of a single dose of SYR-322 25 mg.

2. To evaluate the safety and tolerability of a single dose of SYR-322 25 mg when
administered alone and with cyclosporine 600 mg.

Study Design:

This was a phase I, randomized, open-label, single-dose, 2-sequence, 2-period, crossover,
drug interaction study to evaluate the effect of a single dose of cyclosporine on the
single-does pharmacokinetics of SYR-322 and its metabolite M-I in 24 (total) healthy
subjects. A 13 days washout period separated the following 2 randomized treatment
periods:

Treatment A: Subjects received orally a single dose of SYR-322 25 mg (reference
treatment).

Page 104 of 156



Treatment B: Subjects received orally a single dose of SYR-322 25 mg and a single
dose of cyclosporine 600 mg (test treatment).

Serial plasma samples were collected post dose for the determination of plasma drug
concentration of SYR-322 and PK analysis was conducted using noncompartmental
analysis.

Subjects received a standardized diet containing approximately 30% fat during the time
of their confinement in the study center. The diet included 3 meals and an optional snack.
The study dose was administered orally with 240 mL of water in the morning after at
least 8 hour fast. Subjects were required to continue fasting for 1 hour post dose.

Blood samples were collected at predose, 0.5, 1, 1.5, 2, 3,4, 6, 8, 12, 16, 24, 28, 32, 36,
48, and 72 hours post dose for the determination of SYR-322, SYR-322-M-I, and
cyclosporine.

Urine samples were collected from the intervals of -12 to 0 hour, 0-24, 24-48, and 48-72
hours for the determination of SYR-322 and SYR-322 M-I

Results:

Figure 47 Average plasma concentration of SYR-322 following a single oral dose of SYR-322
25 mg alone or in coadministration with a single dose of 600 mg cyclosporinein
healthy male subjects
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Figure 48 Average plasma concentration of SYR-322 metabolite M-I following a single oral
dose of SYR-322 25 mg alone or in coadministration with a single oral dose of 600
mg cyclosporinein healthy male subjects.
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Table 71 provides the summary statistics and geometric mean ratios (GMRs) for the PK
parameters of SYR-322 and its metabolite M-I in healthy male volunteers receiving
single dose of SYR-322 25 mg alone and in coadministration of a single dose
cyclosporine 600 mg. The 90% confidence interval (CI) of GMR (SYR-322 +
Cyclosporine/SYR-322) for plasma or urine exposure of SYR-322 and its metabolite M-I
are evaluated, with the effect boundary set at the 80-125% for 90% CI of GMR according
to the Draft Drug interaction Guidance.

SYR-322
e Plasma AUC(0-48) and Cmax of SYR-322 had 13.2% and 5.4% increase in GMR.

e Ae(0-48) (urinary accumulation from 0-48 hours) of SYR-322 increased 8.1%;
while CLr (renal clearance) decreased 4.5%.

SYR-322 M-I

e Plasma AUC(0-48) and Cmax of SYR-322 M-I had 47% and 54% increase in
GMR, respectively.

e Ae(0-48) of SYR-322 M-I increased 19.8%; while CLr decreased 4.8%.
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Table 71 PK parametersof SYR-322 and metabolite M-I following a single oral dose of SYR-
322 25 mg alone or in coadministration with a single dose of 600 mg cyclosporinein
healthy male subjects.

LS Means of SYR-321 and Itz Metabolite M-I
SYR-322 25 mg +

Parameter (units) Cyvelosporine 600 mg (T} SYR-322 25 mg (R) Ratio T/E-100 (20% CT) {a)
SYR-322 FPlasma =24 (h) n=23

AUC(0-48) (ng-hr/ml ) 151542 1338.76 11320 (104,12, 123.08)
Cmax (ng/ml) 12787 12138 10535 (9513, 116.65)
Tmax (hr) {c.d) 1.00 1.50 —

STR-312 Lvine n=24 =23

Ap(0-48) (mg) 1490 1379 10811 (9535, 122.59)
CLr(0-48) (L'hr) o83 1030 05 46 (865910523
Fe(0-48) (%) 3961 35.14 10811 (9535, 122.59%
SYE-322 M.I Plasma n=212 (e} n=20

AUC{0-48) (ng-hr/ml) 12.23 8.31 147.24 (12099 166.79)
Cmax (ng/ml.) 0.68 044 154 40 (13757, 173.29)
Tmax (hr) {c.f) 3.00 2.00 —

SYER-322 M-I Urine n=24 (g} n=23 (h)

Ae(0-48) (mg) 0.15 0.13 11976 (91 B8, 156.11)
CLr(0-48) (L'hr) 15.69 16.48 952008611, 105.25

T=test treatment=Treatment B, F=reference reatment=Treatment A, — =not applicable.
(a) Ratios and confidence intervals are presented as percentages.

() n=23 for Tmax.

(c) Tmax is presented as median {minimum, maxinmim).

(d) P=0.893 for Tmax.

() n=20 for Tmax.

(£} P=0.033 for Tmax

(=) n=22 for CLr{0-48).

() n=20 for CLr{0-48).

Conclusions:

e Cyclosporin does not have significant impact on the plasma pharmacokinetics of
SYR-322.

e Cyclosporin seems to have no effect on urinary clearance of SYR-322.

e Cyclosporin increased the exposure to metabolite of SYR-322 M-I (AUC and
Cmax increase approximately 50%), however it is unlikely to have any clinical
impact as exposure to SYR-322 M-I is only at 0.5% to 1% as compared to that of
SYR-322.

Reviewer’s comments:

e The study results suggested that there is no significant difference in the plasma or
urine SYR-322 exposure in subjects receiving coadministration of a single oral
dose SYR-322 25 mg and 600 mg cyclosporine as compared to those receiving a
single oral dose of SYR-322 25 mg alone.

e The results suggested that cyclosporine increase the plasma AUC(0-48) and Cmax
metabolite M-I (a N-demethylated metabolite of SYR-322) by 47% and 54%,
respectively. Though metabolite M-I has DPP-4 inhibitory activity similar to
SYR-322, its plasma concentration was approximately 0.5% of the SYR-322.
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Thereby the increase of metabolite M-I exposure in plasma is unlikely to have
clinical significance.

e 25 mg is the highest SYR-322 dose being evaluated in the phase 3 study and in
the NDA application. Cyclosporine 600 mg is approximate maximum therapeutic
dose. Thereby it is appropriate to select the 25 mg SYR-322 and 600 mg
cyclosporine for this drug-drug study.

e The terminal elimination half-lives for SYR-322 and cyclosporine are 16-18 hour
and 8.4 hours, respectively. Thereby it is adequate to use the 13 days washout
between the two treatment periods. The plasma and urine sampling schemes are
adequate for the study.

4.2.22 Study SYR-322-026: An Open-label, Randomized, Crossover Study to Determine
the Effect of Food on the Pharmacokinetics of SYR-322 in Healthy Male and
Female Subjects

NDA22271, SYR-322/026 Study date January 11 to January 30 2007
An Open-label, Randomized, Crossover Study to Determine the Effect of Food on the
Pharmacokinetics of SYR-322 in Healthy Male and Female Subjects

Background: SYR-322 is a DPP4 (dipeptidyl peptidase 4) inhibitor developed by
Takeda pharmaceutics. After food intake, glucagon-like peptide 1 (GLP-1) is secreted
into blood stream from the gastrointestinal tract. GLP-1 plays important role in the
metabolism of sugar, and enhances secretion of insulin. Inhibition of DPP4 by SYR-322
will enhance the secretion of insulin and maintains blood concentration of GLP-1. In this
study, the effect of food on the pharmacokinetics of SYR-322 is investigated.

Objectives: To assess the effect of food on the safety and pharmacokinetics of SYR-322
after a single oral dose administration of 25 mg SYR-322.

Methodology: This is a single-center, open-label, randomized 2-period, 2-way crossover
study to evaluate the effect of food on the PK of SYR-322. Subjects were randomized to
1 of 2 treatment sequence and received a single oral dose of 25 mg SYR-322 under the
fast (reference treatment) and fed (test treatment) conditions. In the second period,
subjects received the alternate treatment. There was a 7-day washout between the two
periods. All subjects received the study drug with 240 mL of water.

Table 9.c Treatments Administered

Sequence Period 1 Period 2
AB SYE-322 25 mg fasted SYE-322 25 mg fed
BA SYE-322 23 mpg fed SYE-322 25 mg fasted

A=teference treatment, B=test treatment.

In the fast condition, subjects were fasted overnight (more than 10 hours) prior to dosing
and remained fasting for 4 hours after dose of SYR-322. Under the fed conditions,
subjects fasted for 10 hours prior to consuming a high-fat and high-calorie meal and
subsequent dosing 30 minutes later.
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24 male and female subjects received treatment drug and all 24 subjects completed the
study.

Food content for the breakfast: Subjects were provided a standard high-fat meal that
was consumed within 30 minutes. Subjects received the SYR-322 dose immediately after
completing the meal. The standard high-fat meal consists 2 eggs (fried in butter), 2 strips
of beacon, slices of toast with butter, 4 0z of hash brown potatoes (fried with butter), and
8 0z (240 mL) of whole milk.

Study drug: SYR-322 25 mg oral tablet, Lot Z6419021.

Inclusion criteria: Healthy male and female of childbearing potential agreeing to use
adequate contraception, age 19 to 55, inclusive, BMI within 18 to 32.

Exclusion criteria:
e The subjects who had previous exposure to SYR-322.
e The subjects who had a history of hypersensitive to SYR-322-related compounds.

e The subjects consumed alcohol-related product, Seville orange or orange juice,
grapefruit or grapefruit juice, caffeine projects or vitamin supplements within 72
hours prior to Baseline/Check-in.

e The subjects used prescription medication, OTC medication, or herbal
preparations within 14 days prior to dosing.

e The subjects used tobacco-containing products within 6 weeks prior to
Baseline/Check-in.

PK sampling: Blood samples were collected at pre-dose, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6,
8,12, 16, 24, 36, 48 and 72 hours post dose. Urine samples were collected at the interval
of predose (-12 to 0 hour) and at 0 to 24 hours post dose.

Plasma sample analysis. Plasma samples were processed using protein precipitation and
then analyzed using a validated LC/MS/MS method.

PK analysis: Noncompartmental analysis (NCA) was applied in the determination of the
PK parameters of SYR-322, such as AUC, Cmax, Tmax, T/12, CL/F and Az. Cumulative
urinary excretion from 0 to 24 hours was determined. Renal clearance and fraction of
drug excreted in urine were calculated.

Statistical analysis: Descriptive statistics were used to summarize the PK parameters
under both fast and fed conditions. To assess the food effect on single-dose PK of SYR-
322, ANOVA was performed on the log-transformed plasma PK parameters of AUCinf,
AUCO0-72, AUCt and Cmax of SYR-322. If the two-sided 90% confidence interval of
AUCinf and Cmax for the difference between fed and fast conditions falls within 80% to
125%, the presence of a food effect will be excluded.

Results: All 24 subjects completed this study. Geometric mean ratios (GMR) and 90%
CI of AUC and Cmax of SYR-322 were summarized in Table 72. The results are
summarized. The mean plasma concentration of the 24 subjects was illustrated in Figure
49. The renal clearance results were listed in Table 73.
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e GMR of AUCinf of SYR-322 was reduced by 1.06% and the 90% CI ranged from
97.28% to 100.63% (Table 72).

e  GMR of Cmax of SYR-322 increased by 3.41% and the 90% CI ranged from
92.38% to 115.75% (Table 72).

e The median Tmax was at 1.508 and 1.983 hours under the fast and fed conditions,

respectively (Table 72).

e The renal clearance of SYR-322 was 10.597 and 10.414 L/hr under the fast and

fed conditions, respectively (Table 73).

Figure 49

under fast or fed conditions.
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To summarize, in this pivotal food effect study, food did not have significant impact on
the rate and extent of oral absorption of SYR-322, as both the 90% CI of GMR of
AUCinf and Cmax fell within the range of 80% to 125%. Food had no effect on the
cumulative urinary secretion of SYR-322 and renal clearance either.

Table 72

Geometric meansratiosand 90% CI of AUC and Cmax of SYR-322 in subjects

receiving a single oral dose of 25 mg SYR-322 under fast and fed conditions.

)

Least Sguares Means

P-value

Mean Ratio

Parameter Fed State (a) Fasted S5tate (a) Fed 3tate (a) Fasted State (a) (100*Test/ g0% CI Treatment
funitc) ({Test - B) (Reference - &) {T2st - B} (Reference - A) Refersnce) For Ratio Difference
LUC(0-24) z4 z4 1073.0837 1098.61040 97.5 5.00 100.25 13
(ng*hr/mL)

AUC (0-tlgc) 24 z4 1502.8182 152€.6951 95,44 .13
(ng*hr/ )

LUC (0-1inf) Z4 Z4 1605.3343 1ez7.0087 98.9 L2584
(ng*hr/mL)

Cmax z4 z4 114,014 110.256 3.41 615
(ng/mL}

Tmax Z4 Z4 983 1.508 0.934
{hr) (b)

HOIE:

(&) Treatment A& = S5YR-32ZZ 25 my under fasted conditions;

(b) Median wvalues were reported for Tmax.

Page 110 of 156

for treatment, period, seguence, and

{ , and Cmax. Least squares means, ratios, and confidence
. Rnalysis of Tmax was performed using Wilcoxon's signed rank

Treatment B = 5YR-322 25 mg under fed conditions.



Table 73 PK parameters and summary statistics for SYR-322 after a single oral dose of 25 mg
SYR-322 under fast or fed conditions.

Table 15.2.1.2
Summary O Plasma Phermacckinetlc Farameters of SYR-322

Pharmacckinetic Set

Minimum Maximum

1.983
0.03e31
0.03603

Table 74 Summary statistics of cumulative urinary excretion and renal clearance of SYR-322
after a single oral dose of 25 mg SYR-322 under fast and fed conditions.

Summary of Urine Pharmacokinetic Parameters of SYR-322

Fharmacckinstic Set

Parameter (unit) Treatment N Mean SE ) Cv Median Minimum Maximun
Be(0-24) 24 11.598 .92z 15.708
(mg) 24 11.13¢ .238 15.5&0
CLr(0-24) 24 10.597 .926 7
(L/hr) 24 10.414 .512 1
Fe(0-24) 23 46.393 . 668 2
(%) 21 44.548 2 0.950 240

Conclusion: In this pivotal food effect study, food has no significant impact on the rate
and extent of oral absorption of SYR-322 in healthy volunteers receiving a single oral
dose of 25 mg SYR-322.

Reviewer’s Comments:

e A single oral dose of 25 mg SYR-322 was anticipated to be the maximum
therapeutic dose for this drug. It has been proved to be safe and tolerable in
multiple clinical studies in healthy subjects and patients with type 2 diabetic
mellitus. The selection of 25 mg in this food effect study is acceptable.

e The sponsor applied the standard high-fat meal specified by the FDA guidance,
which is acceptable.

e The exclusion and inclusion criteria were adequate.

e The terminal elimination half life of SYR-322 was approximately 19 to 20 hours
under the fast and fed conditions. The 7-day washout period was appropriate. The
plasma sample collection up to 72 hours was acceptable for the determination of
terminal half life of SYR-322 as it covers 3 to 4 half-lives of the drug.
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e The variation of Cmax was approximately 32% and 25% under the fast and fed
conditions. Data from this study suggested that food has no effect on the rate of
absorption of SYR-322.

e Cumulative urinary excretion of SYR-322 from 0 to 24 hours was 46%, which
underestimation of fraction of dose excreted by urine (fe) due to insufficient urine
collection time. Previous clinical studies showed that the urinary excretion
approached completion approximately from 48 to 72 hours post dose.

e The sponsor validated a LC/MS/MS method for the determination of SYR-322
and its two metabolites in plasma samples. Plasma samples were processed with
protein precipitation for clean up. The method was validated with regard to
specificity, linearity, inter and intra day precision and accuracy, stability, dilution
reproducibility and extraction recovery (from validation report).

o The linear calibration range is from 1 to 1000 ng/mL for SYR-322

o The daily precision of the assay for SYR-322 ranges from 2.0% to 9.0%
and the accuracy is from -2.8% to 10.0%. (see table 4)

o SYR-322 is stable after three repeated thaw and freeze, for at least 3
months storing in -20 °C freezers.

e During the plasma sample analysis for this food effect study, the calibration
standards and QC samples were mostly within the specified range (Tables 5 and
6), demonstrating acceptable inter-day precision and accuracy (from bioanalytical
study report).

Table 75 Precision and accuracy of the LC/M S/IM S assay for the deter mination of plasma
SYR-322 concentration.

Table 5 Precision and accuracy of SYR-322F

Concentration levels

Assay day (re/ml )
MNomunal 1 2.5 5 S00
1.00 203
0985 244 833
Observed 1.01 2.53 TE3
0993 2.38 TEE
1 1.05 2.50 837
Mean 1.01 2.48 801
sD Q.03 Q.07 35
CW(%0) 3.0 28 4.4
RE(%%) 1.0 -0.8 0.1
1.13 2.42 TED
111 5 T49
Observed 1.05 2. 214
1.09 2. 822
2 1.14 2 T2
Mean 1.10 2. 48. TED
sD 004 X 2.0 31
CW (% 36 i 4.1 39
RE(%%) 10.0 -0 -2.8 -1.4
1.10 2 0.7 TO6
0.968 2 54.4 822
Observed 1.00 2. 31.7 TGE
0883 2. 51.8 216
3 1.07 2. 52.9 815
Mean 1.00 2. 523 203
sD 009 X 1.4 22
CWi%a) 2.0 2. 27 27
RE(%&) 0.0 2.0 4.6 [
Mlean 1.04 247 51.0 FTO8
sD 006 0.02 21 g
CW(%%) 58 0.2 4.1 1.0
RE(%a) 4.0 -1.2 2.0 -0.3
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Table 76 Summary of calibration standar ds during the plasma sample analysisfor the SYR-
322/026 study.

Feport 1275873

RumID CAL] CAL2 CAL3 CAL4 CALS CAL6 CAL7 CALS CALS CALI0
(nzml} (ngml) (gml) zml) (ogml) (agml) mzml) (ogwml) (ceml) wzml)

1ATE-A-1 104 273 5.28 102 254 529 104 283 512 936
0.945 2133 459 953 240 498 945 252 453 921
JATR-A-1 103 289 543 109 2687 529 108 275 539 1010
0.952 236 4.78 916 235 4749 947 232 457 358
JATR-A-1 105 257 517 10.2 250 512 103 268 527 G980
09357 239 484 9273 243 0.0 103 250 458 931
4ATR-A-1 101 255 5.16 10.1 258 0.1 104 257 484 942
0.97% 246 5.02 0.3 255 51.8 23.0 250 468 913
SATR-A-1 105 247 5.03 9.97 256 303 101 258 501 939
0547 255 495 10.2 248 0.8 09.7 256 s05 932
SATR-A-1 0978 259 544 10.7 26.1 522 100 249 499 937
0.986 251 484 10.0 242 528 96.5 245 482 909
TAIR-A-1 0984 2.55 494 103 253 516 101 250 500 a5
1.00 252 5.04 981 254 510 101 252 495 911
BATR-A-1 e 2 5.07 104 250 310 964 245 434 953
0.57% 251 5.25 10.3 250 0.7 101 257 s01 933
N 15 15 16 16 18 16 18 16 16 18
Theaoretical

Concentration  1.00 250 5.00 10.0 250 30,0 100 250 200 1000
Mean 0.993 252 5.05 10.2 251 511 101 255 422 913
5D, 00387 0109 0232 0474 0809 133 3Tl 12.2 4.5 322
WCV. 369 434 4.0 4.68 322 2.60 369 477 497 342

%o Diffarence
from Theorstical -0.744 0654 1.06 1.62 0.432 214 0.539 193 -135 -6.17
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Table 77 Inter-assay precision and accuracy during the plasma sample analysisfor the SYR-
322/026 study.

Table £ Inter-assay Precision and Accuracy for SYR-322

Report 1275879

Fan I Q1 Q2 QC3 QC4 QC s
(ngml) (ng/ml} (nz/ml} ingml}) (nz/ml)

1ATR-A-] 264 204 51.5 293 779
249 206 51.0 294 86

264 208 534 300 Ted

134 181 471 285 691

244 185 477 284 T0E

244 189 46.1 77 T12

JATR-A-] d 0.8 529 316 8X7
135 182 445 250 668

JATR-A-] 158 ] 53.2 328 TE1
243 122 S06 296 728

4ATR-A-] 253 232 4.9 310 757
282 122 554 306 770

SATR-A-] P | 203 408 304 79z
26l 207 452 291 750

SAIR-A-] 25 207 0.6 305 770
247 202 486 293 735

TAIR-A-] 267 208 51.7 307 T66
245 108 508 292 750

SATR-A-] 259 207 0.9 220 753
254 202 505 295 782

N 14 0 20 20 0

Thecretical

Concentiation 250 20.0 S0.0 300 200
Mean 253 24 S0.6 296 T34
5D 00968 133 278 14.7 78

Yl W 382 6.50 549 497 502

Y Dhffarenca

from Theoretical 1.14 224 112 -1.28 =577
Low Limit 213 170 425 255 680
Hizh Limut 288 230 575 5 920

4.2.23 Study SYR-322-CPH006: Randomized, Open-label Cross-over Study to Assess
the Effect of Food on the Safety, Tolerability and Pharmacokinetics of Single-
dose SYR-322 in Healthy Male Subjects

NDA22271, SYR-322/CPH006 Study date September 7 to October 6 2006
Randomized, Open-label Cross-over Study to Assess the Effect of Food on the Safety,
Tolerability and Pharmacokinetics of Single-dose SYR-322 in Healthy Male Subjects

This phase 1 study was conducted in Japan and the sponsor used SYR-322Z in the study
report. SYR-322Z stands for the Z isomer of SYR-322, which is the same compound as
SYR-322 in the other clinical study reports.
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Background: SYR-322 is a DPP4 (dipeptidyl peptidase 4) inhibitor developed by
Takeda pharmaceutics. After food intake, glucagon-like peptide 1 (GLP-1) is secreted
into blood stream from the gastrointestinal tract. GLP-1 plays important role in the
metabolism of sugar, and enhances secretion of insulin. Inhibition of DPP4 will enhance
the secretion of insulin and maintains blood concentration of GLP-1.

Objectives: To assess the effect of food on the safety, tolerability and pharmacokinetics
of SYR-322 after a single oral dose administration of 50 mg SYR-322.

Methodology: This study applied a 2-period, 2-way crossover design. All subjects
received a single oral dose of 50 mg SYR-322 with 150 mL of water under the fast
(overnight fast for at least 10 hours) or fed (30 minutes after starting of breakfast)
conditions in period 1. In period 2, all subjects received 50 mg SYR-322 under
alternative conditions (fasted/fed). In the fast condition, subjects were instructed to
remain fasting for 4 hours after dose of SYR-322. There was a 7-day washout between
the two periods. 10 Japanese male subjects received treatment drug and 9 completed the
study.

Food content for breakfast: The breakfast (15.9 g protein, 23.2 g fat, 90.2 g
carbohydrate: energy ratio: 10.5%, 33.8%, 55.7% respectively; total energy: 648 kcal)
included bread, margarine, strawberry jam, chicken omelet with salad, sauce, canned
white peaches and milk. Subjects ate breakfast over a period of about 15 minutes.

PK sampling: Blood samples were collected at pre-dose, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2,
2.5,3,4,6,8, 12,24, 48 and 72 hours post dose. Urine samples were collected at the
interval of predose (-12 to 0 hour) and at 0 to 24, 24 to 48 and 48 to 72 hours post dose.

PK analysis: Noncompartmental analysis (NCA) was applied in the determination of the
PK parameters of SYR-322 and its two metabolites. Cumulative urinary excretion ratio
[% of dose (as unchanged compound)] was calculated based on the urinary concentration
of SYR-322 and its metabolites.

Statistical analysis. Summary statistics were used to summarize the PK parameters
under both fast and fed conditions. To assess the food effect on single-dose PK of SYR-
322, ANOVA was performed on the log-transformed plasma PK parameters of AUCinf,
AUCO0-72, AUCt and Cmax of SYR-322. If the two-sided 90% confidence interval of
AUCinf and Cmax for the difference between fed and fast conditions falls within 80% to
125%, the presence of a food effect will be excluded.

Results: Ten subjects received treatment drug in this study. Two subjects were
completely excluded from the plasma PK analysis due to sample hemolysis and
withdrawal of consent. The latter subject was also excluded in the urine PK analysis.

The PK parameters and the summary statistics of SYR-322 were listed in Table 78.
Geometric mean ratios (GMR) and 90% CI of AUC and Cmax of SYR-322 were
summarized in Table 79. The mean plasma concentration of the 8 subjects under the fast
and fed conditions was illustrated in Figure 50. The effects of food on the PK of SYR-
322 are summarized as following:
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e GMR of AUCinf of SYR-322 was reduced by 4.9% and the 90% CI ranged from
90.4% to 100.0%.

e  GMR of Cmax of SYR-322 was reduced by 14.1% and the 90% CI ranged from
71.1% to 103.7%.

e The median Tmax was at 1 and 3 hours under the fast and fed conditions,
respectively (Table 1).

e The renal clearance of SYR-322 was 10.30 and 10.58 L/hr under the fast and fed
conditions, respectively (Table 3).

To summarize, food did not have impact on the extent of absorption of SYR-322,
however, food reduced the rate of absorption (Cmax) by 14.1% and delayed the Tmax
from 1 hour under the fast condition to 3 hours. The 90% CI of GMR of Cmax fell out of
80% to 125% range. In addition, food has no effect on the cumulative urinary secretion
of SYR-322 and renal clearance. These results combined suggested that the food has
minor effect on the PK of SYR-322 and its clinically significance needs to be
investigated.

Figure 50 M ean plasma concentration of SYR-322 after a single oral dose of 50 mg SY R-322
under fast or fed conditions.

(ng/mlL)
450
400
350
300
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150+
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Figure 11.b  Arithmetic mean plasma concentrations of SYR-322Z
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Table 78 PK parametersand summary statisticsfor SYR-322 after a single oral dose of 50 mg
SYR-322 under fast or fed conditions.

Table 11.c  Summary statistics of pharmacokinetic parameters for SYR-3227.

. _3171
Summaary Stalistics
Varl . X —
ariabh: ‘Treatment H Mean = E Mim o Micdian s ax
AUC0-7Z) Fasled b} 338673 053 Q6892 20654 320510 336810 A57235 3E3T.5
{ng-hrfmL} Fed 8 321678 3076805  1M.TET  2RIAI 197630 JIT6G0  3472AS 3l 4

AUC-tlge) Fasted & 33BETI 274053 GGA9L 29654 320510 336810 357228 IHITS
{ng-hr/ml) Fed 8 3MGTE 30705 IWTET  JRIS3 207530 317640 MTIES  36add
MET[0-ge) Fasted ] 14.154 5972 03172 1252 13,640 14365 14870 1520
{hzh Fed 3 14833 08013 02833 1309 14265 148W 1539 16,38
Cmax Fosted 8 TLEE 4EBED 17375 1560 J17.50 34000 38400 4060
{ngimL) Fed 4 M43 9475 31634 2110 22050 30740 34550 476.0
Tmax Fasied 1344 09057 0320 050 0,750 1.000 LETS 300
{hs) Fed 8 2469 O8MS  0J07H 075 3000 3,000 3,000 3,00
AUCO-ind) Fusted  H 348191 261,369 92408 30591 331060 347280 366085 2Ba0T
{ng-hrfmL) Fed § 331619 327917 11593 29013 30FE00  3ZRAA0 35065 IMSLY
hz Fasted H D045 000555 DOD1%% L0309 00425 {00040 (LI4ES 0057
{Lhr) Fed 8 D464 G006 DODOZZH 00T 004200 D046 (UGS iL58
T2 Fasted &  1531%% 17743 DA 12070 (42395 157000 lea2es | 17923
{hr} e _F-:d k] 152524 205443 (0. 72535 12021 14,0475 ) 150195 166475 14 560
CL/F Fasted  § 14.43 1082 0,383 12,9 13,60 14.40 15.10 163
Lhsy o F!d ] 15,21 14al 0517 130 14.1% 15.25 1635 172
MRT Fasled ] 16408 1402 (LA9E2 1356 15,720 lﬁ.?ﬁll:l 17465 17,81
{hzy o Fed B ATA03 17 06094 1509 15860 17055 1B355 20,30
Table 79 Geometric meansratiosand 90% CI of AUC and Cmax of SYR-322 in subjects

receiving a single oral dose of 50 mg SYR-322 under fast or fed conditions.

Geometric Mean | Geometric Mean Ratio (%)
Drug Name | PK Parameter Fast Fed (90% CI)
(N=8) (N=8)
AUCt 3377.021 3203.952 94.9%
(ng*h/mL) (90.7%-99.3%)
SYR-322 AUC).72 hr 3377.021 3203.952 94.9%
(ng*h/mL) (90.7%-99.3%)
AUCinf 3473.269 3302.163 95.1%
(ng*h/mL) (90.4%-100.0%)
Cmax 341.651 293.343 85.9%
(ng/mL) (71.1%-103.7%)
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Figure51 Mean cumulative urinary excretion ratio of SYR-322 after a single oral dose of 50
mg SY R-322 under fast or fed conditions.

(% of Dose)
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Figure 11.e  Arithmetic mean cumulative urinary excretion ratio of SYR-322Z

Table 80 Summary statisticsfor renal clearance of SYR-322 after a single oral dose of 50 mg
SYR-322 under fast or fed conditions.

Table 11.g  Summary statistics for renal clearance of SYR-322Z

3251
. . Summary Statistics
Variahl T'reatment iy -
Anene S N Mean D SE___ Min Q1 Median 03 Max
CLr Fasted 1030 1023 0362 88 9.70 10.15 10.90 12.1
{L/r) Fed B ID58 0985  0.348 9.0 9.90 10.85 1130 11.5

Reviewer’s Comment:

e A single oral dose of 50 mg SYR-322 was used in the food effect study. This dose
(50 mg) has been evaluated in the phase 1 study and proved to be safe and
tolerable. The dose selection is reasonable.

e The food contents in the breakfast that subject took was quite different as
compared to the food effect study (study 005 and study 026), in which a high-fat
(approximately 50% of total caloric content of the meal) and high calorie
(approximately 800 to 1000 calories) breakfast was selected according to the
specification in the FDA’s guidance (Guidance for industry: Food-effect
bioavailability and Fed bioequivalence studies).
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The terminal elimination half life of SYR-322 was 15 hours under the fast and fed
conditions. The results suggested that 7-day washout period was appropriate. The
plasma sample collection up to 72 hours was reasonable for the determination of
half life of SYR-322 as it covers approximately 5 half-lives of the drug.

The variation of Cmax was approximately 15% and 30% under the fast and fed
conditions. The 90% CI fell out of 80% to 125% range was probably not due to
the high variation of data, rather the limited number of subjects in the study (N=8).

Sponsor also determined the plasma concentration of the metabolites of SYR-322.
SYR-322-M-I is N-demethylated metabolite of SYR-322. SYR-322 M-I is a
potent and selective inhibitor to DPP4, however, its plasma concentration was
only 1 of three hundredth of SYR-322, thereby it is unlikely to have any clinical
significance. SYR-M-II is approximately one tenth of SYR-322, but it is not
pharmacologically active.

Cumulative urinary excretion of SYR-322 approached asymptotic state from 48 to
72 hours. Approximately 70% of dose was excreted from urine, which agreed
with previous study results.
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4.2.24 In vitro study of SYR-322

CYP450 M etabolism

Study SY R-322-00013: Determination of the Inhibitory potential of SYR322 on human
CYP450 1A2, 2C9, 2C19, 2D6, and 3A4 using baculovirus-expressed protein.

The inhibition of SYR322 on CYP450 isozymes was investigated at the concentration range of
0.49 to 40 uM in 96-well plate using the known probe substrates.

Results: SYR322 did not inhibit CYP450 1A2, 2C9, 2C19, and 3A4, with the ICs( greater than
40 uM. SYR-322 showed some activity in the inhibition of 2D6 and may warrant in vivo
confirmation study.

Study SY R-322-0015: Determination of the metabolic stability of SYR-322 in human, rat,
monkey and dog cryo-preserved hepatocytes and human, rat, dog, and monkey microsomes.

Metabolic stability of SYR-322 at 1 uM was investigated in hepatocytes and microsomes from
human, rat, monkey and dog. Results: SYR-322 was stable in human and monkey hepatocytes at
all times, and ~50% and ~65% SYR-322 remained after 120 minutes incubation with dog and rat
hepatocytes, respectively. Greater than 75% of SYR-322 remained after 30 minutes incubation in
microsomes.

SY R-322-00021 study: Identification of the CYP450 isozymes involved in the metabolism of
SYR110322-reaction phenotyping.

10 uM SYR-322 was incubated with recombinant human P450 enzymes (1A2, 2C8, 2C9, 2C19,
2D6, 3A4 and 2E1) either individually or as a Supermix. Incubation was conducted in a NAPDH
regeneration system.

Results: N-demethylated metabolite M1 is the primary metabolite of SYR-322. 2D6 is the
primary enzyme involved in the conversion of SYR-322 to M1. 3A4 is the primary enzyme
involved in the formation of hydroxylated and dehydrogenated metabolites of SYR-322.

SYR-322-00022 study: Metabolism of SYR110332 in rat, dog, monkey and human
cryopreserved hepatocytes (in vitro) and in rat, dog, and monkey plasma samples (in vivo)

In vitro metabolism of SYR-322 was evaluated in cryopreserved rat, dog, monkey and human
hepatocytes at 10 mM after 3 hour incubation. In vivo metabolism of SRY-322 were conducted
in Sprague Dawley rats, Beagle dogs and cynomolgus monkeys following oral administration of
SYR-322 at the dose level of 100, 30 and 10 mg/kg.

Results: SYR-322 was metabolic stable, with less than 6% degradation in monkey and human
hepatocytes preparation, and less than 20% degradation in rat and dog.

A total of 8 metabolites were tentatively identified in the in vitro and in vivo preparation. The N-
demethylated metabolite M1 was a major metabolite of SYR-322 being found both in in vitro
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preparation and in vivo studies in all species. The other 7 metabolites were formed in small
quantities. M1 formation was higher in dogs than in rats and monkeys.

SYR-322-00029 study: In vitro evaluation of SYR110322 as an inhibitor of human cytochrome
P450 enzymes.

The inhibitory potency of SYR-322 was determined in vitro by measuring the activity of each
CYP enzyme in human liver microsomes in the presence and absence of SYR-322. The
experiment also determined if SYR-322 was a mechanism-based inhibitor to CYP enzymes. The
probe substrate concentration and incubation conditions were determined by the kinetic
parameters (Km, Vmax). The concentration range for SYR-322 was from 0.1 to 100 uM.

Results: Under the experiment conditions, SYR-322 caused approximately 27% inhibition of
2D6, however the IC50 was greater 100 uM. SYR-322 did not cause direct inhibition to
CYP1A2, 2C8, 2C9, 2C19 or 3A4/5. The estimated IC50 values for these enzymes were greater
than 100 uM, the highest concentration examined.

SYR-322 appeared to cause a mechanism-based inhibition to 3A4/5, and the IC50 was 78 and >

100 uM using midazolam and testosterone as substrate, respectively. SYR-322 did not cause
mechanism-based inhibition of CYP1A2, 2C8, 2C9, 2C19 or 2D6.

Table 2:  Summary of experimental conditions for enzyme assays: Direct and metabolism-dependent inhibition of CYP enzymes
by SYR110322

SYR110322

Substrate Incubation Pre- Solvent
concentration velume Protein’ Incubation incubation volume
Enzyme CYP Activity (uM)y (uL) (pg/ml) time (min) time (min) Target concentrations (uM)  (ul)
CYPIA?  Phenacetin O-deethvlation 20 400 100 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 g
CYPICE  Paclitaxel Sa-hydroxylstion 15 400 50 5 30 0,0.1,03, 1.0,3.0,10,30, 100 8
CYP2C9  Diclofenac 4'-hydroxylation 4.0 400 100 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 8
CYP2C1S  S-Mephenytoin 4 -kydroxvlation 35 400 100 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 g
CYPID6  Dextromethorphan O-demsthylation 5.0 400 100 5 30 0,0.1.03 1.0,3.0, 10, 30, 100 8
CYP3A4/S Midazolam 1"-hydroxylation 30 400 50 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 8
CYP3A4/S  Testostarone 6f-hydroxylation 100 400 100 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 g
*  The human liver microsomal sample used for these experiments was a pool of nine individuals (sangples 71, 72,76, 79, 99, 101, 103, 140, and 142).

1.0 M potassium phosphate buffer (pH 6.5) was the vehicle nsed to dissohve the test article.

SY R-322-00115 study: In vitro examination of SYR110322S as an inducer of cytochrome
P4450 expression in cultured human hepatocytes.

Human hepatocytes from three separate human livers were treated with DM SO control, SYR-
322 at three concentrations (1, 10 or 100 uM) or three known P450 enzyme inducers
(omeprazole at 100 uM, Phenobarbital at 750 uM or rifampin at 10 M) once daily for three
consecutive days. After treatment, cells were harvested and microsomes were prepared.

The prepared microsomes were incubated with the probe substrates for P450 enzymes to study
the P450 enzyme activities. The details for the experiment were listed in the following table.

After microsomal incubation reaction, the formations of the metabolites were determined for the
measurement of corresponding enzyme activities.
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Results: SYR-322 caused litter or no change in CYP1A2, 2B6, 2C9 and 2C19 activity at the
concentration up to 100 uM. SYR-322 caused significant induction of CYP3A4/5 activity, and
the induction at 100 uM was 27.6% as effective as rifampin.

o . Incubation
o .
Enzvme Substrate uul_'us,tl_'ate_ - Q}m'__l.r-" ot P]_'c:te‘m Volume Tlm?
4 Concentration (udd) (mg/meubation) . ()
= (mL})

CYP1A2 7-Ethexyresomfin 10 0.1 1.0 &0
CYP2Bs Bupropion 300 0.2 0.3 120

CYPICa Diclofenac 100 0.05 1.0 30
CYPIC19 S-Mephenytoin 400 0.04 02 240
CYP3A4/5 Testosterone 230 0.1 0.3 20

SYR-322-00123 study: Permeability of SYR-322 across Caco-2 cells

Permeability or SYR-322 (3 uM) from apical side to basal side (A to B), and basal side to apical
side (B to A) after 2 hour incubation across Caco-2 cell monolayer was investigated. *H-
verapamil (10 uM) and C-mannitol (10 uM) were used as reference for high and low
permeability compounds. *H-digoxin (3 uM) served as a typical substrate for P-gp.

Results: The permeability of [cyan0-14C]-SYR-322 resembled to that of '*C-mannitol more than
to *H-verapamil, suggesting that SYR-322 could be a compound with low permeability. The
Papp ratios were 0.7 at 1 hour, and 1.7 at 2 hour, and both values were lower than that of *H-
digoxin. The involvement of P-gp on the transport of SYR-322 is not conclusive and remains to
be investigated.

SYR-322-00014 study: Determination of the potential for metabolic drug-drug interactions of
SYR-322 and SYR110619 with rosiglitazone, glyburide and glipizide in human liver
microsomes,

Metabolic stability of rosiglitazone, glyburide and glipizide in the presence of SYR-322 and
SYR110619 as inhibitor was studied. Similarly, metabolic stability of SYR-322 and SYR110619
with the presence of rosiglitazone, glyburide and glipizide was investigated.

Results: No significant metabolic interactions occurred between SYR322 or SYR110619 and
rosiglitazone, glyburide, or glipizide in human liver microsomes.

Protein binding study

SY R-322-00016 study: Determination of the rat, dog, and human plasma binding of SYR110322,
and SYR110619 by equilibrium dialysis.
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Equilibrium dialysis was utilized to determine the plasma protein binding. Dialysis was
performed at 37 °C for 16 hours. [’H] acetaminophen (low binding control) and ['*C] warfarin
(high binding control) were utilized as control.

Results: Human plasma protein binding of SYR-322 were 24% and 15% at 10 mM and 100 mM,
respectively. Protein binding of SYR-322 was 40% and 24% at 10 mM in rat and dog; and 24%
and 23% at 100 mM in rats and dogs, respectively.

SY R-322-030 study: Determination of the plasma protein binding of SYR110322 and
SYR110619 in mouse plasma and SYR110324 (active metabolite) in mouse, rat, dog and human
plasma fractions by equilibrium dialysis.

Equilibrium dialysis was conducted for 6 hours to SYR-322 and SYR-322 M1 (also known as
SYR110324) in the concentration of 1, 10 and 100 uM.

Results: The human plasma protein binding for SYR-322 M1 ranged from 12.2% at 1 uM to
32.2% at 100 uM. Its plasma protein binding in mouse and rat ranged from 11.7% to 23.1%.

Plasma protein binding for SYR-322 were 29.62% and 24.10% at 10 and 100 uM in mouse,
respectively.

SYR-322-00135 study: In vitro plasma protein binding of ['*C] SYR-322 in rats, dogs and
humans.

In vitro plasma protein binding of ['*C] SYR-322 in rats, dogs and humans was determined by
the ultrafiltration method. ['*C]SYR-322 was spiked into plasma of rats, dogs, and humans. The
spiked samples were centrifuged at approximately 1,500xg for 15 minutes to obtain the filtrate.
['*C]SYR-322 concentration in spike sample and filtrate were measured for radioactivity by
using liquid scintillation spectrometry.

Results: The protein binding of ['*C]SYR-322 in the plasma at the concentration range of 0.01 to
10 pg/mL were from 52.0% to 25.2%, 46.3% to 23.5%, and 38.4 to 28.2% in rats, dogs and
humans, respectively. The results showed that the plasma protein binding of ['*C] SYR-322 was
concentration dependent, and was moderate in all species.
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4.3 PHARMACOMETRIC REVIEW
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SUMMARY OF FINDINGS

Alogliptin (Nesina®) is a new DPP-IV inhibitor proposed for the treatment of type-II
diabetes mellitus. This document addresses the following three questions regarding the
safety and effectiveness of Nesina®.

1. Isthereany benefit to 25 mg QD as a starting dose over 12.5 mg QD?

There is no clear benefit for starting with 25 over 12.5 mg alogliptin for reducing serum
HbAlc. No concentration-effect relationship was evident for Alogliptin effects on
reducing serum HBAIc concentrations. However, serum HbAlc concentrations were
reduced and to similar extents with the 12.5 and 25 mg alogliptin compared to the

placebo group (Figure 52, Figure 61, page 141).

Figure 52. Changein HbAlc in the Placebo Controlled Study 010. Solid diamondsindicate treatment
with placebo. Solid squaresindicate 12.5 mg alogliptin and open circlesindicate treatment with 25
mg alogliptin.
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2. lIsthere an exposure-safety relationship?

No exposure-safety relationship was observed for either serious treatment emergent
cardiac events or renal function with respect to alogliptin exposure.

The range of trough concentrations of alogliptin in individuals with serious cardiac events
was similar to those experiencing no adverse events. This suggests cardiac events in
these individuals are not exposure-related at the studied doses (Figure 53)
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Figure 53. There is no Difference in Steady-State Trough Concentrations at 4 weeks for Patients with
and without Adverse Cardiac Events
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Time courses of creatinine clearance for each individual showed no evidence of
deterioration of renal function throughout the 52-week study duration.

3. Is the sponsor’s pharmacokinetic model sufficient to extrapolate to other clinical
trial pharmacokinetic data?

The sponsor’s population pharmacokinetic model predicts the phase II pharmacokinetics
for 25, 100, 400 mg of alogliptin in 45 patients after multiple dosing well, despite being
developed from sparse data and a limited dose range (12.5 and 25 mg). Co-linearity of
body weight with creatinine clearance effects on the clearance parameter was
unnecessary and the linear effect of body weight on clearance was removed from the
model in the reviewer’s analysis. The revised model fit the data equally well and was
used to indicate intra-patient variation on different occasions after multiple doses and to
simulate Cmax concentrations for the cardiac safety analysis.
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RECOMMENDATION

The Pharmacometrics group in Office of Clinical Pharmacology has reviewed the
submitted pharmacometric information and has found the results acceptable.

If this submission is found acceptable by the review team it is recommended that both
12.5 and 25 mg alogliptin doses be approved.

Signatures:

Justin C. Earp, Ph.D.
Primary Pharmacometrics Reviewer

Office of Clinical Pharmacology
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INTRODUCTION

Takeda Global Research and Development (TGRD) has submitted alogliptin (Nesina®)
for the treatment of type-II diabetes mellitus. Alogliptin is a selective and potent
inhibitor of the enzyme dipeptidyl peptidase-4 (DPP-4) that rapidly degrades incretin
hormones (glucagon-like peptide-1 [GLP-1] and glucose-dependent insulinotropic
polypeptide [GIP]). By preventing the rapid degradation of these hormones, DPP-4
inhibitors enhance the body’s ability to control elevated blood glucose by triggering
pancreatic insulin secretion and suppressing pancreatic glucagon secretion. Potentiating
incretin hormones via inhibition of DPP-4 is a mechanism of action that characterizes a
distinct class of oral glucose-lowering agents.

Alogliptin is 10,000 times more selective for DPP-4 than for other related enzymes
(DASH, tryptase), including DPP8 and DPP9. Alogliptin has 2 minor metabolites, N-
demethylated metabolite (<1% of the parent compound) and N-acetylated metabolite (4-
6% of the parent compound). Alogliptin exists predominantly as the (R)-enantiomer and
undergoes little or no chiral conversion to the (S)-enantiomer in vivo. (Source: Sponsor’s
Common Technical Introduction Document)

Takeda’s clinical development program consisted of 5 registered trials to evaluate both
their primary efficacy endpoint HbAlc and alogliptin pharmacokinetics. A total of 2239
subjects were enrolled across all 5 trials. This large database was used for both the
sponsors and reviewer’s analysis. Appendix A summarizes the sponsor’s efficacy and
population pharmacokinetic analysis and results.
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5 REVIEWER’S ANALYSIS: QUESTION BASED REVIEW

Alogliptin is predominantly cleared by renal excretion (76%). Takeda showed creatinine
clearance is related to alogliptin AUCy.,4 (Figure 54). Takeda proposed three dose
strengths of alogliptin, 25, 12.5, and 6.25 mg for patients with varying degrees of renal
function. However when comparing the time course of HbAlc response (Figure 61) to
alogliptin between 12.5 and 25 mg doses and exposure-response relationship. The 25 mg
dose does not appear to be more effective than the 12.5 mg dose. This review looks at
different aspects of the exposure-response relationship between alogliptin and HbAlc
concentrations and the population pharmaokinetics of alogliptin to evaluate if 25 mg
alogliptin once-daily is the best starting dose.

Figure 54. Aloglptin AUC Decreases with Creatinine Clearance
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5.1 Is there any benefit to 25 mg QD as a starting dose over 12.5 mg QD?

Dose-response data was analyzed from study 003, a phase II dose-ranging study where
doses of 6.25, 12.5, 25, 50, and 100 mg alogliptin were administered once daily for 12
weeks. Figure 55 shows the mean effect for each dose group on serum HbAlc. This
figure would suggest that at the 6.25 mg dose there is no response and at any dose higher
than that, the response is at a maximum and that no dose-response relationship exists
above doses of 12.5 mg.
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Figure 55. Dose-Response for Alogliptin Effect on Serum HbAlc Change from Baseline at 12 weeks.
Error Bars Depict +1 Standard Error Measure. The Solid Black Line is the Reference Line for No
Change From Baseline.
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If concentrations within each dose group vary greatly between individuals it is possible
that this may explain the variation in effect of alogliptin within each dose group. The
dose given to an individual may not represent their overall exposure to the drug.
Identifying a concentration-effect relationship for aloglitpin is important to discern
whether drug effect was dependent upon drug exposure. In Figure 52 it is apparent that
data for alogliptin effect on HbAlc at 12 weeks was already at steady-state since its
levels were similar to that at all other time points up to 26 weeks. It seemed reasonable
that exposure-response at 12 weeks would be similar to that found in the five phase-three
clinical trials studied at 26 weeks. These later studies provided a much larger dataset
(1252 patients) to assess whether a concentration-HbA 1¢ change relationship exists.

Data from five phase III trials were used to evaluate the exposure-response relationships
of Alogliptin on changes in HBA 1c¢ concentrations in patients. Each trial was designed to
test the safety and efficacy of Alogliptin over 26 weeks in 5 different patient populations.
Patient populations were defined by concurrent treatment given prior to and throughout
the study. Each trial had three study arms. Individuals were given either hi- (25 mg) or
low-dose (12.5 mg) alogliptin and placebo or placebo alone (Study PLC-010), hi- or low-
dose alogliptin and metformin or metformin alone (Study MET-008), hi- or low-dose
alogliptin and sulfonylurea or sulfonylurea alone (Study SULF-007), hi- or low-dose
alogliptin and insulin or insulin alone (Study INS-011), and hi- or low-dose alogliptin and
pioglitazone or pioglitazone alone (Study TZD-009).
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To test whether change in HBAlc was exposure-driven, steady-state trough
concentrations of alogliptin after 4 weeks of treatment were used to indicate overall
exposure to the drug. Aloglitpin trough concentrations are expected to reach steady-state
after five to six days of dosing. Thus, trough concentrations at 4 weeks are expected to
be at steady-state and provide a consistent measure of the individual’s overall exposure to
the drug (see questions 3, 4 for more details on alogliptin pharmacokinetics). These
concentrations were plotted for each individual against their change from baseline in
HbAlc after 26 weeks of therapy (Figure 56). Figure 56 shows no clear relationship
between alogliptin concentrations and reduction of HBAlc from baseline. However, the
alogliptin treated patients generally exhibit reduced HBA1c concentrations from baseline.
As the treated groups are significantly reduced from placebo (Figure 56, Figure 62,
Figure 63), it is possible that treatment effects have reached a maximum by the 12.5 mg
alogliptin dose.

Figure56. HBA1c Reduction from Baselineisnot Dependent on Alogliptin Concentrationsin
Placebo Controlled Study 010. Green, Red and Purple Dots Indicate Low (12.5 mg), High (25 mg)
and placebo Dose Groups of Alogliptin.
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There appears to be no added benefit by giving 25 mg over 12.5 mg. The above
concentration-HBAlc plots (Figure 56) show no relationship between alogliptin
concentration and response or even dose and response. This is further supported by
Figure 52 and Figure 61 which show the time course of change from baseline of HBAlc
after 12.5 and 25 mg alogliptin in all five phase III efficacy studies. Furthermore it
appears that the maximum change in efficacy is reached in both dose arms by week 12.
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5.2 Is There An Exposure-Safety Relationship?

5.2.1 Serious Treatment-Emergent Cardiac Events:

Cardiac events were noted in both treated and placebo groups of patients in all phase III
studies. However, there were fewer placebo treated patients in each study, totaling 534
placebo patients compared to 1961 and the dropout rate was higher for patients receiving
placebo. In an effort to determine if the cardiac events were drug related, given the
different numbers between placebo and treated the question was asked — do patients with
serious treatment-emergent cardiac events have elevated concentrations of Alogliptin?

Patients with serious treatment-emergent cardiac events were identified by both the
sponsor (\Cdsesubl\evsprod\NDA022271\0009\m1\us) and the medical reviewer
(Appendix B). Their steady-state trough concentrations at 4 weeks were used as an

estimate of overall alogliptin exposure. Figure 53 shows the distribution of steady-state
concentrations in individuals with cardiac events compared with the distribution of
steady-state concentrations for people without cardiac events. Albeit the two populations
are very different in sizes there appears to be no difference in concentrations between the
patients who experienced cardiac related events and those who didn’t.

5.2.2 Renal Safety: Does alogliptin alter renal function?

Alogliptin is cleared predominantly by the kidney (~76%). As there is exposure to this
organ and drug-safety is always necessary, the question of whether alogliptin affects
kidney function is pertinent to address. Serum creatinine concentrations, body weight,
age, and gender were used to calculate creatinine clearances for patients from Study PLC-
010. Renal impairment ranged from moderate to normal with creatinine clearance as low
as 35 mL/min. Visual inspection of the time courses (Figure 57, Figure 58) suggests
there is no impact of drug on renal function. A linear model was fit to each individual’s
creatinine clearance time course by mixed effects modeling either with the slope fixed to
zero or allowing it to change. The difference in the minimum value of the objective
function was not great enough (>3.84) to indicate that the slope was different from zero.
As the slopes in the treatment groups were not negative or different from the placebo
group, drug was not assumed to have an effect on renal function.
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Figure 57. Time Courses of Creatinine Clearance from All Patients in Study PLC-010.
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Figure 58. Time Courses of Creatinine Clearance in Study PLC-010 in Patients with Mild Renal
Impairment.
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5.3 The population pharmacokinetic model was developed with sparse phase iii
concentration data. Is The Sponsor’'s Model Sufficient To Extrapolate To Other Clinical Trial
Pharmacokinetic Data And Inter-Occasion Variation?

5.3.1 Model Refinement:

The sponsor’s final population pharmacokinetic model (developed using the MET-008
phase III trial) was used to predict the pharmacokinetics of individuals in the phase II
multiple dose trial, study — 002. Figure 59 shows the model prediction (solid lines) for
observed alogliptin concentrations (closed symbols) for day 1 (black) and day 14 (red)
after initiating treatment with 25 mg alogliptin.

Figure 59. Sponsor’s Population PK Model Prediction of 25-mg Multiple Dosing in Study 002.
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In general the final model developed by the sponsor on only sparse data predicts the
concentration time courses from the phase II data modestly well. Model limitations are
1) a general under prediction of the peak concentrations, 2) redundancy in creatinine
clearance and body weight as covariates on clearance, 3) the limited use of available data,
and 4) the model does not describe within subject variation between different occasions.

Under-prediction of the peak concentration was noted for about a third of the individuals
m Figure 59 and Appendix C. This problem is common to pharmacokinetic models
where oral absorption is present. Trough concentrations will likely be more reliable than
simulated C,,.x values as an indication of an individual’s predicted exposure.
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The model was revised removing the covariate body-weight from clearance. Body
weight only reduced the inter-individual variation by 0.84 %. Although the decrease in
objective function was significant when weight was added as a covariate on clearance,
the co-linearity between weight and creatinine clearance on the clearance of alogliptin
was sufficient to use creatinine clearance instead of both. Additionally since the drug is
cleared from the kidney, it makes sense that differences in creatinine clearance could
explain inter-patient variation in clearance.

The sponsor provided data from five phase III studies. Only one of these studies were
done where alogliptin was given without co-administration. However, study 008
(controlled with metformin co-administration) was used for the population
pharmacokinetics. Furthermore, none of these five phase three studies had rich serial
sampling of alogliptin concentrations. There were several phase studies including study
003 (dose-ranging) and study-002 (14-day multiple-dose PK in patients) that would have
been beneficial to both the structural model development, assessment of covariates, and
identifying inter-occasion variation within individuals.

The revised model (without body weight effects on clearance) was refit to data from both
the sponsor’s phase III dataset (study 008) and multiple dose study (study 002). Study
002 was a 14-day multiple-dose pharmacokinetic study in patients. Serial sampling was
conducted on day 1 and 14 and provided a rich data set to assess the time course of
concentrations in individuals and their intra-occasion variation. The updated model was
used for simulation of Cy,,x and trough concentrations (Figure 60).
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Figure 60. Revised Population PK Model Prediction of 25-mg Multiple Dosing in Study 002.
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As the drug is predominantly excreted unchanged (76% of oral dose), the sponsors were
able to show a clean relationship between renal function and alogliptin clearance (Figure
54). Creatinine Clearance was a major covariate in the pharmacokinetic model and this
established relationship combined with linear pharmacokinetics likely helped predict the
concentrations across different studies for doses much higher than the population
pharmacokinetic model was developed with.

5.3.2 What is the interoccasion variation in PK within individuals?

The exposure-HBAlc analysis (page 130) and exposure-cardiac event analysis (page
131) both assume that steady-state trough concentrations of alogliptin after 4 weeks of
treatment are representative of the individual’s overall exposure to the drug. Assessing
the inter-day variation in the pharmacokinetics within the subject may give a better
msight pertaining to the reliability of the steady-state concentrations 4 weeks post
treatment-initiation for exploring their relationship with efficacy or safety responses.

The sponsor’s population pharmacokinetics did not use serial sampled pharmacokinetic
data from phase II trials. Data from the multiple dose trial — 002 in patients recently
diagnosed with diabetes was incorporated into the POPPK database by this reviewer for
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assessing the intra-subject variation on pharmacokinetic concentrations from different
sampling days. A brief description of the data is provided below:

Study 002 was a double-blind, placebo-controlled, repeat-dose, multicenter study using 3
dose levels of SYR110322 in approximately 60 patients. Eligible patients were randomly
assigned to 1 of 4 treatment groups (SYR110322 at 25, 100, or 400 mg, or placebo) in a
4:4:4 to 3 ratio. Patients took 1 dose of study drug daily for 14 days, followed by a 7-day
follow-up period. Patients were housed in the clinic on Days -1 to 2 and Days 14 to 15,
and visited the clinic for blood sampling on Days 6, 16, 17, and 21. Pharmacokinetic,
pharmacodynamic, and safety data were collected at each study visit. (For details refer to
sponsor’s Study Report SYR-322-002 vol. 001 of 002)

The sponsor’s final pharmacokinetic model was used to fit the inter-occasion M
parameters with the phase II multiple-dose pharmacokinetic data. The parameter 1 is
written in the model code such that it has normal distribution and standard deviation
about a mean of zero. The parameter does not contribute to the population estimate of
the model, but does account for variations between individuals and different occasions.
A flag was inserted into the equations for clearance and volume to account for
interoccasion variation in alogliptin concentrations. The equations for clearance and
volume are:

CL = TVCL - @l/ct +0CC, 7, +0CCo 71,

Vc = TVVC -e(nV+OCC1'773+OCC2'774)

where TVCL is the expected population value of clearance, ncp is the general inter-
individual variation in clearance, My is the general inter-individual variation in the central
volume of distribution, 1; and 1, are the within individual variation between occasions
on clearance and are constrained to have the same final estimate, 13 and 14 are the within
individual variation between occasions on the central volume of distribution and are also
constrained to have the same final estimate, OCC; is a flag-variable assigned a value of 1
for study-day 1 and 0O to indicate study day 14, and OCC,=1-OCC,. The standard
deviations for 1;, and M3 after model fitting are 44.0% for clearance and 65.8% for the
central volume of distribution. Inter-individual variation was estimated at 29.9%. This
indicates that there is greater variation within patients from day-to-day than compared to
the variation between patients. As the drug is predominantly cleared, variation in
creatinine clearance within the individual over the time course of the study (Figure 57,
Figure 58) could potentially explain the greater within-subject variation compared to
between-subject variation.
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PHARMACOMETRIC REVIEW CONCLUSIONS

1. No exposure-response was observed for alogliptin effects on serum HbAIc
concentrations. It is likely that the 25 mg dose will offer no additional benefit than
the 12.5 mg dose. If effects are not seen with 12.5 mg it is possible they wont be for
the 25 mg dose.

2. Renal function has been shown to play a significant role in the clearance of alogliptin.
Pharmacokinetic concentrations should be established before ruling out inefficacy of
the 12.5 or 25 mg dose.

3. Treatment emergent cardiac event data for 12.5 and 25 mg doses does not show an
increased exposure for patients with cardiac events. Further, the numbers of patients
with events at the 12.5 and 25 mg doses do not differ in a dose-dependent manner.
The data at the studied shows no relationship to exposure is inconclusive to indicate
whether these events are drug related.

4. The sponsor’s population pharmacokinetic model was reasonable. The inclusion of
body weight both in creatinine clearance and as a direct covariate on clearance was
unnecessary and yielded almost no reduction in inter-individual variation. However,
the dataset used for the population model was lacking in that a much larger database
with rich phase II dose ranging and multiple dose data was available in addition to
four other pharmacokinetic studies. The sponsors did not make the best use of
available data.

5. In light of the sponsor’s fitting, the revised and re-fitted model provided an estimate
of intra-individual variation in clearance (CV=44.0%) and volume (CV=65.8%).

6. Alogliptin does not affect renal function over the course of the study.

Page 140 of 156



6 APPENDIX A: SPONSOR’S ANALYSIS

Efficacy Analysis

The sponsor did not directly report an exposure-response anlaysis. Instead data was
provided that was supportive of 12.5 and 25 mg doses demonstrating an effect on the
reduction of HbAlc (Figure 52, Figure 61). The pivotal trial designs that were conducted
to test alogliptin efficacy at 12.5 and 25 mg doses are summarized in Table 81. Details,
tables and figures provided below can be found in the sponsor’s summary of efficacy.

Table 81. Sponsor’s Clinical Trialsfor Efficacy of Alogliptin (SYR-322).

Table 1.a Overview of Alogliptin Efficacy Studies
Duration of
Study Doses Active
(Phase) Population N(a) Study Design (mg) Treatment
Pivotal Phase 3 Studies
010(3) Adults (18-80 years) with T2DM: nafve to 320 Multicenter, randomized, double- 125,25 26 weeks
treatment; experiencing inadequate glycemic blind, placebo-controlled, 3-treatment
control; failed treatment with diet and exercise arms, alogliptin vs placebo
for at least 3 months prior to Screeming
007 (3) Adults (18-80 vears) with T2DM; experiencing300  Multicenter, randomized, double- 125,25 26 weeks
inadeguate glycemic control; currently blind, placebo-controlled, 3-treatment
receiving a sulfonylurea alone arms, alogliptin with glyburide vs
placebe with glyburide
008 (3) Adults (18-80 years) with T2DM; experiencing527  Multicenter, randomized, double- 125,25 26 weeks
madequate glycemic control; currently blind, placebo-controlled, 3-treatment
receiving metformin arms, alogliptin with metformin vs
placebo with metformin
009 (3) Adults (18-80 years) with T2DM; experiencing493 Multicenter, randomized, double- 125,25 26 weeks
madequate glycemic contrel; currently blind, placebo-controlled, 3-treatment
receiving a thiazolidinedione either alone or in arms, alogliptin with pioglitazone
combination with metformin or a sulfonylurea (with or without metformin or a
sulfonylurea) vs placebo with
pioglitazone (with or without
metformin or a sulfonylurea)
011(3) Adults (18-80 vears) with T2DM; expertencing390  Multicenter, randomized, double- 125,25 26 weeks

inadequate glycemic control; currently
receiving insulin either alone or in combination
with metformin

blind, placebo-controlled, 3-treatment
arms, alogliptin with insulin (with or
without metformin) vs placebo with
insulin (with or without metformin)

Supportive Studies

CPH-001 Healthy adult (20-35 years) men 60
(1

001 (1) Healthy adult (18-35 years) men 36
002(1) Adults (18-75 years) with T2DM 55
003 (2) Adults (18-75 years) with T2DM 265
012(3) Adults (18-80 vears) with T2DM

(b)

1749(c) Multicenter, open-label extension of 12.3, 25

Single-center. randomized, double- 6
blind, placebo-controlled, single 2
dose, parallel group 5
Single-center. randomized, double- 2 X Single dose
blind, placebo-controlled, single 100, 200,

dose, dose ascending 400

Multicenter, randomized, double- 25,100, 2 weeks
blind, placebo-controlled, repeat-dose400

Multicenter, randomized, double- 625,125, 12 weeks
blind, placebo controlled. dose- 25, 50, 100

ranging study
Up to 2 years
controlled phase 3 studies

(a) Number of subjects randomized to treatment.

(b) Data from Study 012 are from the mterim report of this ongomng study.
(c) Number of enrolled subjects who either completed 1 of 7 phase 3 controlled studies, or required hyperglycermic rescue in 1 of

7 phase 3 controlled studies.

Statistical Analysis

Information is provided for the pivotal phase 3 studies; statistical plan information for the

supportive studies is provided, when appropriate, in those sections.
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Efficacy analyses were conducted using LOCF and the FAS, consisting of all randomized
and treated subjects. For a particular variable, the FAS analysis consisted of all
randomized and treated subjects with a Baseline value and at least 1 post-Baseline on-
treatment value for the variable. The on-treatment period for efficacy variables extended
from the date of first dose until 1 day (7 days for HbAlc) after the date of last dose of
study drug. Observed data were also summarized to assess the impact of LOCF on the
analyses. (Note: A 7-day window was used for all efficacy variables in Study 012. Only
observed data were summarized in Study 012; LOCF was not used.) Efficacy values for
by-visit analyses were selected using a windowing algorithm as specified in the statistical
analysis plans for the individual studies.

The primary efficacy variable for all pivotal phase 3 studies was change from Baseline in
HbAlc at Week 26. The primary efficacy analysis for each was an analysis of the change
from Baseline to Week 26 in HbAlc using LOCF, the FAS, and an ANCOVA model as
summarized in Table 2.

Table 82. Sponsor’s Statistical Analysis
Table 2.a Primary ANCOVA Models for Pivotal Phase 3 Studies

Study Number Statistical Model
007 ANCOVA model included:
008 Treatment

Baseline HbAlc (a)

Geographic region
Baseline dose of add-on treatment (b)

009 ANCOVA model included:
011 Treatment
Baseline HbAlc (a)

Geographic region
Baseline treatment regimen
Baseline dose of add-on treatment (c)

010 ANCOVA model included:
Treatment
Baseline HbAlc (a)
Geographic region
Diabetes duration

(a) Included as continuous covariate.
(b) Glyburide dose for Study 007 and metfornun dose for Study 008,
(c) Pioglitazone dose for Study 009 and mnsulin dose for Study 011.

All primary ANCOVA models included treatment group and geographic region as class
effects, and Baseline HbAlc as a continuous covariate. Additional covariates were
included for each study as summarized in Table 82. A descriptive summary was provided
for the observed data at Week 26. Similar analyses were conducted at each scheduled
visit to further characterize the analysis at Week 26. Additional descriptive summaries by
subgroup factors, including age, race, and gender, were conducted to further characterize
the results from the primary efficacy analysis.

For the primary analysis, a step-down procedure was used to control Type I error. For
each study, the 25 mg QD dose was compared with placebo at the 2-sided 0.05
significance level using a contrast derived from the primary model. If this test was
statistically significant, the 12.5 mg QD dose was evaluated in a similar fashion.
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Continuous secondary efficacy variables were analyzed similarly to the primary efficacy
variable. Categorical secondary variables were analyzed using nonparametric covariance-
adjusted extended Mantel-Haenszel tests and logistic regression models.

All statistical tests were conducted at the 2-sided 0.05 significance level. Differences
between alogliptin dosing groups were not tested statistically.

Secondary efficacy variables common across all 5 pivotal studies include the following:

Clinical Response Variables:
* Incidence of Week 26 HbAlc £6.5%, <7.0%, and <7.5%

* Incidence of Week 26 HbAlc decrease from Baseline 20.5%, =21.0%, =1.5%, and =
2.0%

Glycemic Control Variables:

* Change from Baseline in HbAlc level at Weeks 4, 8, 12, 16, and 20
* Change from Baseline in FPG at Weeks 1, 2, 4, 8, 12, 16, 20, and 26
* Incidence of marked hyperglycemia (FPG 2200 mg/dL)

* Incidence of rescue

Pancreatic Function Variables:

* Change from Baseline in fasting proinsulin at Weeks 4, 8, 12, 16, 20, and 26 (excluding
Study 011)

* Change from Baseline in insulin at Weeks 4, 8, 12, 16, 20, and 26 (excluding Study
011)

* Change from Baseline in proinsulin/insulin ratio at Weeks 4, 8, 12, 16, 20, and 26
(excluding

Study 011)

* Change from Baseline in C-peptide at Weeks 4, 8, 12, 16, 20, and 26
Body Weight

* Change from Baseline in body weight at Weeks 8, 12, 20, and 26
Exploratory Variables:

* Change from Baseline in total cholesterol, HDL, LDL, and triglycerides at Weeks 4, 8,
12,

16, 20, and 26
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* Change from Baseline in HOMA-BCF at Week 26

The FAS (ie, all randomized subjects receiving at least 1 dose of study drug) was used to

analyze efficacy.

Efficacy variables for the open-label Study 012 were the change from Baseline in HbAlc
by study visit, FPG, proinsulin, insulin, C-peptide, body weight, and the incidence of
marked hyperglycemia. Descriptive statistics for change from Baseline in HbAlc,
proinsulin, insulin, and C-peptide at Week 12, every 3 months, and at the interim
endpoint were summarized. Descriptive statistics for change from Baseline in FPG and
weight at Week 2, Week 4, Week 8, Week 12, every 3 months, and at the interim
endpoint were summarized. Efficacy summaries were provided for both overall and by
prior treatment in the pivotal phase 3 studies (Figure 52, Figure 61).

Figure 61. Change from Baselinein HbA1lc (%) by study visit for Studies 007, 008, 009, 010, and 011.
Solid diamonds indicate treatment with placebo. Solid squaresindicate 12.5 mg alogliptin and open
circlesindicate treatment with 25 mg alogliptin.
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Details regarding the above figures and analysis and further efficacy data for supportive
studies can be found in the sponsor’s summary of efficacy.
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6.1 population pharmacokinetic analysis

6.1.1 Methods
3.1.1 Summary of Study Used for Analysis

Data for this analysis were obtained from Study 008. Study 008 was a phase 3, placebo-
controlled, randomized, double-blind study designed to evaluate the PK, safety, and
efficacy of 12.5 mg and 25 mg doses of alogliptin (SYR-322) in combination with
metformin over 26 weeks of treatment.

3.1.2 Study Population
Study 008 included 527 randomized subjects with T2DM who were inadequately
controlled with metformin alone. Subjects had been treated with metformin for at least 3

months before screening and had taken a stable dose of metformin 21500 mg or their

maximum tolerated dose for at least 8 weeks before randomization. Subject HbAlc levels
were between 7.0% and 10.0% at screening. Selected inclusion and exclusion criteria are
listed in Table 8.1 and Table 8.2. All subjects gave informed consent before entering the
study.

3.1.3 Dose Administration

The study had a 4-week stabilization period during which subjects were standardized to a
generic, immediate-release metformin formulation at a dose equivalent to their previous
dose. Subjects received a daily metformin dose of 1500 mg or higher. If a subject had a
documented intolerance to this dose, the subject remained at their maximum tolerated
dose. The metformin dose remained stable throughout the study.

During the stabilization period, subjects also received dietary and exercise counseling
plus training in home glucose monitoring. After the stabilization period, subjects were
randomized to 26 weeks of treatment with one of the following three regimens in a 1:2:2
ratio:

* Placebo plus metformin.
* Alogliptin 12.5 mg/day plus metformin.

* Alogliptin 25 mg/day plus metformin.
Treatment assignment was stratified by both HbAlc levels at Week -1 (HbAlc <8.0%

versus 28.0%) and by geographic region. The randomization mechanism used a stratified

permuted block schedule. All doses of study drug (alogliptin, metformin, and placebo)
were taken orally with 240 mL of water prior to the first meal of the day. The times of
dosing for the visits where PK samples were obtained were recorded.

Given the PK characteristics of alogliptin, plasma concentrations were expected to be at
steady state in all subjects by the time PK samples were collected at the Week 4 and
Week 8 visits. Therefore, the actual dosing dates and times recorded on the CRFs were
used to create a dose record for the day PK samples were collected, and steady state was
assumed on the dose record using the NONMEM steady-state variable (SS=1).
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3.1.4 PK Sampling Strategy

Two blood samples (1 trough and 1 nontrough) were obtained from each subject to
determine plasma alogliptin concentrations. The trough sample was collected at the Week
4 visit, approximately 24 hours (range, 22 to 28 hours) after taking the study drug and
before taking the next dose. The nontrough sample was collected at the Week 8 visit. The
protocol did not specify the time at which this non-trough sample was to be collected.
The nontrough sample could be obtained on another day within the randomized treatment
period, provided that the subject had received blinded treatment for at least 4 weeks. The
times of last study drug intake and the PK blood sample drawn at the Week 4 and Week 8
visits were documented.

3.1.5 PK Assay Methodology

Blood samples (2 mL) for determination of plasma alogliptin concentrations were
collected into chilled (2°C to 8°C) tubes containing potassium EDTA as the anticoagulant.
After collection, the tubes were stored in cryoblocks. Within 20 minutes of collection,
samples were centrifuged under refrigeration (2°C to 8°C) at 900g for 10 minutes. After
processing, the plasma samples were split equally and transferred into duplicate chilled
polypropylene tubes. Plasma was stored frozen at -20°C or colder until analyzed for
alogliptin concentrations using a validated high performance liquid chromatography
method with tandem mass spectrometric detection. The assay had a lower limit of
quantitation (LLOQ) of 1 ng/mL [19].

3.1.6 Covariates

The potential of selected covariates to explain variability in the PK parameters for
alogliptin was explored. To avoid potential multicollinearity or confounding of effects in
covariate submodels, the correlation between covariates was examined. Pair-wise
scatterplots of all continuous covariates and boxplots of continuous covariates versus
categorical covariates were generated. If a covariate was found to be highly correlated
with another covariate, eg, weight and BSA, one or the other covariate was selected for
evaluation based on the likelihood of a physiologic relationship with a parameter or the
degree of correlation with a parameter based on univariate analyses.

6.1.2 Results
4.1 Data
4.1.1 Data Description

A total of 1226 plasma alogliptin concentrations from 526 subjects were received from
Takeda Global Research & Development, Inc. (TGRD)for Study 008. Deleted from the
dataset were 238 concentrations from 103 subjects who received placebo in the study. A
total of 134 plasma concentrations (from 103 subjects) were also removed from the
dataset due to missing concentration values, missing sample date or time, or missing
previous dose date or time. Minimal imputation for missing covariate values was required
for this analysis. Twelve subjects were missing the day and month of birth (imputed 01
July) and one subject had a missing baseline body weight value. Data deletions and
exclusions are summarized in Table 8.4.
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Ten concentration values that were BLQ were excluded from the analysis. These records
represented 1.2% of the data and were not treatment-group dependent. Four subjects each
had 1 concentration record excluded due to very long (84 and 339 hours) or negative time
since last dose (TSLD) values that were not consistent with the study protocol.

During exploratory data analysis, 52 concentrations (23 subjects) were identified as
outliers and were excluded from the analysis. These outliers were from individuals who
had concentrations that were either 5-fold greater at a later time point than at an earlier
time point within the same subject (for concentrations greater than TSLD=3 hours) or
that had an absolute weighted residual (WRES) greater than 5 based on preliminary
NONMEM runs. All of these concentrations were included in the dataset, but were
excluded from the population PK analysis.

After all data deletions and exclusions were made, 788 alogliptin concentrations from
375 subjects were available for analysis. The plasma concentrations of alogliptin ranged
from 1.07 to 347 ng/mL.

4.1.2 Description of Demographic Characteristics and Covariates

The subjects in Study 008 were evenly distributed by sex. Most subjects were white. For
the population as a whole, the median age was 56 years (range, 23 to 80 years). Weight
ranged from 45.5 to 141.6 kg, with a mean (SD) of 88 (19.1) kg.

Study 008 had an inclusion criteria of serum creatinine concentration of <1.5 mg/dL for
men and <1.4 mg/dL for women. Based on the FDA guidance for clinical pharmacology
studies in renally impaired patients, more than half of the subjects enrolled had mild renal
impairment (CrCL between 50-80 mL/min) at Baseline, while about a third had normal
renal function (CrCL >80 mL/min). Less than 10% of subjects had moderate (CrCL
between 30-50 mL/min) or severe renal impairment (CrCL <30 mL/min) at baseline. For
details of the demographic characterisitics refer sponsor’ poppk report ------- , (Table 8.5),
on page ##.

4.2 Population PK M odel Development
4.2.1 Exploratory Data Analysis (EDA)

Plasma samples for the determination of alogliptin concentrations were collected using a
sparse sampling strategy. Figure 9.2 demonstrates that most samples from Study 008
were collected either within 3 hours or more than 20 hours after dose administration.
Each individual subject contributed between 1 and 4 plasma samples during the study.
Most subjects contributed only 2 samples, (Eigure 9.3) each of which was collected on a
different study visit.

As shown in Table 8.5, Study 008 enrolled a diverse subject population characterized by
wide distributions in Baseline CrCL, body size, and age. As expected, a significant
correlation between body weight and BSA was identified using pairwise scatterplots of
continuous covariates (Eigure 9.4). In order to avoid potential multicollinearity or
confounding effects on covariate submodels, body weight was used as the body-size
variable throughout the analysis. This selection was based on the common use of weight-
based dosing strategies among physicians practicing in this therapeutic area. Thirty-one
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subjects received a cytochrome P450 2D6 substrate, 23 subjects received a cytochrome
P450 2D6 inhibitor, and 22 subjects received a renal cation transporter substrate during
the time period when sampling occurred. A detailed listing of specific medications from
each class of concomitant medication is provided in Appendix 10.5.

Semi-logarithmic scatterplots of alogliptin concentration versus TSLD, stratified by dose
and renal function category, were the primary figures used to evaluate the PK data
(Eigure 9.5 and Figure 9.6). The sparse nature of the data made the identification of
single exponential or biexponential decay difficult; however, the available data, as well as
previous modeling exercises [17], supported the evaluation of multicompartment models.
Scatterplots of alogliptin concentration versus TSLD stratified by renal function category
(Eigure 9.6) show that concentrations of alogliptin are generally higher as renal function
declines. This finding was anticipated and is consistent with the mechanism of excretion
of alogliptin (60% to 70% excreted unchanged in the urine).

Examination of plots of alogliptin concentrations versus TSLD with the points joined for
each individual (Eigure 9.7) helped to identify several trends in the data. In some
subjects, plasma alogliptin concentrations were smaller at earlier time points than at later
time points. These observations are most likely the result of an inaccurate dose or sample
collection time or a very high degree of intraoccasion variability in PK. The observations
noted above were not immediately removed from the analysis, but were later removed
following initial attempts to model the data in NONMEM. These preliminary runs in
NONMEM also identified some additional observations with absolute WRES values
greater than 5; observations from these subjects were also excluded from the analysis
before further model development was attempted.

A scatterplot of alogliptin concentration versus TSLD for subjects who were excluded
from the analysis is provided in Figure 9.8. Data excluded during EDA represent 6.2% of
the overall total number of observations and 5.8% of the subjects who had available data
for PK analysis (398 subjects, 840 observations). Thus, the population PK model for
alogliptin was developed using 788 observations from 375 subjects.

4.2.2 Base Sructural Model

Previous studies [17,33] indicate that alogliptin undergoes biphasic elimination; therefore,
a 2-compartment model with first-order absorption and first-order elimination was
initially evaluated as the base structural model, using the FOCE method with interaction.
IIV was estimated using an exponential error model, and RV was estimated using a
constant coefficient of variation (CCV) error model.

Initial implementation of this model did not result in successful minimization of the
objective function and produced large estimates of Vp that were not realistic (1.8ES).
Given the small amount of plasma concentration data available from Study 008 to
describe the distribution phase of alogliptin, this finding was not unexpected. In a
previous population PK analysis that used full-profile data from subjects with T2DM [17],
Vp was estimated with good precision and the demographic characteristics between
Study 008 and Study 002 were similar. Based on these assessments from the previous
analysis, the typical value of Vp was fixed to 191 L for the current modeling effort.
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A 2-compartment open model with first-order input, first-order elimination, and Vp fixed
to 191 L was applied to the alogliptin plasma concentration data in order to estimate the
following parameters: ka, CL/F, Vc/F, and Q. IIV was estimated on ka, CL/F, and Vc/F.
The estimated population mean values are shown in Table 8.6. The PK parameters were
estimated with acceptable precision, and the magnitude of IIV was moderate for ka, CL/F,
and Vc/F. RV was also relatively small for these sparse data at 32.71 %CV.

Goodness-of-fit plots (Eigure 9.9 through Figure 9.14) indicate a reasonable and
relatively unbiased base model fit. Figure 9.9 shows a small underprediction in peak and
trough alogliptin plasma concentrations in some subjects, and Figure 9.11 demonstrates
an equal distribution of WRES above and below zero, with only a few larger WRES at
lower predicted concentrations. Other models with more IV terms or alternative residual
error structure (additive plus proportional, log-error) were also explored; however, these
modifications did not result in an improvement in the goodness of fit or resulted in
numerical estimation difficulties, and were therefore not retained.

The parameter estimates and the assessment of goodness-of-fit plots described above
indicate that the 2-compartment model is an acceptable base model. Although a 1-
compartment model may also describe the data from Study 008, previous studies and
population PK analyses have demonstrated that alogliptin undergoes a biphasic
elimination and therefore the 1-compartment model was not evaluated [17,33]. The 2-
compartment open model with first-order input, first-order elimination, and a Vp fixed to
191 L was selected as the base structural model.

4.2.3 Forward Selection of Subject Covariates

A covariate analysis was performed in order to explore the sources of variability in
alogliptin PK. Forward selection of stationary covariates was completed first, followed
by forward selection of time-varying covariates. Delta parameter versus covariate plots
for CL/F and Vc/F were used to identify relationships between covariates and parameters
(CL/F and Vc/F). Delta parameter versus covariate plots for the base structural model are
provided in Figure 9.15 and Figure 9.16. Due to small sample size in many of the groups
for the categorical covariate “race,” only 2 groups could be evaluated (white and other
than white).

Results of the forward selection process are provided in Table 8.7. In addition, the
change in MVOF and functional forms used (see Appendix 10.4) for each step of
forward selection are provided in Appendix 10.6.The effect of CrCL as a power function
on alogliptin CL/F produced the most significant effect and was the first covariate added
to the model. The addition of CrCL to the model produced a 3.5 percentage point
reduction in IIV on CL/F (from 28.09 %CV to 24.56 %CV) and a statistically significant
drop in the MVOF (P=2.22E-16).

The second round of forward selection identified the effect of weight as a power function
on Vc/F as the most important contributor to alogliptin PK. The addition of weight to the
model resulted in a 20.2 percentage point reduction in IIV on Vc/F (from 29.17 %CV to
8.94 %CV) and a statistically significant drop in the MVOF (P=2.32E-13).

In the third round of forward selection, the most significant effect was that of weight as a
linear function on alogliptin CL/F. The addition of weight on CL/F resulted in a 0.84
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percentage point reduction in IIV on CL/F (from 25.94 %CV to 25.10 %CV) and a
statistically significant drop in the MVOF (P=0.000021).

The fourth round of forward selection evaluated the effect of age on CL/F as a power
function. Although the effect of age on CL/F resulted in a statistically significant
reduction in the MVOF (P=0.000177), the additional parameter was estimated with poor

precision [standard error of the parameter estimate divided by the parameter estimate-

100% (%SEM) >150]. In addition, the implementation of age on CL/F in the model led to
many correlations between parameters and model instability. As a result, age was not
added to the model, and forward selection of stationary covariates was considered
complete.

Following completion of forward selection for stationary covariates, the assessment of
time-varying covariates was completed. All time-varying covariates were tested as
additive shifts on both CL/F and Vc/F. The addition of time-varying covariates did not
result in any statistically significant reductions in MVOF (P >0.1) and therefore, none
were included in the model.

4.2.4 Evaluation of the Full Multivariable Model and Satistical Error Models

The IIV and RV models in the full multivariable model were further evaluated following
forward selection of covariates. A significant correlation was noted between IIV on CL/F
and IIV on Vc¢/F (P<0.0001), as well as between IV on ka and ITV on Vc/F (P<0.0001)
(Eigure 9.17). This finding led to the investigation of off-diagonal omega block terms.
The estimation of covariance between the IIV terms produced numerical problems for the
estimation of IIV on ka and also indicated a significant correlation between IIV terms that
could be estimated (IIV on CL/F and IIV on Vc¢/F, r=1). In order to avoid parameter
boundary errors in NONMEM VI (initiated when a between-subject covariance yields a
correlation close to 0, 1, or -1), [TV on Vc/F was estimated using the random effect term

for the ITV on CL/F, multiplied by an estimated scalar constant, 8. The random effects
model can be described using Equation 6 and Equation 7:

CL/F; = TVCL/F-exp(M;cL)
(6)

Vc/F; = TVVc/F-exp(MicL)
(7)

Where:
CL/Fi= the predicted value of clearance for the ithindividual;
TVCL/F = the typical predicted value of clearance;
Ni = the IIV on CL/F for the ithindividual;

Vc/Fi= the predicted value of central volume of distribution for the ithindividual;

TVVc/F = the typical predicted value of central volume of distribution; and
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0 = the ratio of the standard deviation of interindividual variability in volume and

clearance (Wv/Wcl).

The variance for Vc/F can now be described by Equation 8:
variance (Vc¢/F)=02-variance (CL/F) (8

Assuming the IIV on CL/F and IIV on Vc/F were perfectly correlated (using the same
random effect term) enabled NONMEM to converge without errors and permitted the
estimation of ITV on ka.

Following evaluation of off-diagonal elements of omega, the addition of more IIV terms
was evaluated (ie, IIV on Vp, Q, and both Vp and Q). Addition of more IIV terms to the
model was not supported by the available data and caused numerical problems; therefore,
no further IIV terms could be estimated in the model.

No further modifications to the residual error structure were evaluated based on the equal
distribution below and above 0 on the goodness-of-fit plot of individual WRES versus
individual predicted alogliptin concentrations.

4.2.5 Backward Elimination of Subject Covariates

Univariate backward elimination proceeded after evaluation of the IIV and RV error
models. Each covariate was removed from each parameter equation separately, and the
change in MVOF was used to evaluate the statistical significance of the contribution of
the parameter removed. No covariates were removed according to the criteria described
in Section 3.3.8 (P =<0.000011 for all covariates). Because no covariates were removed
during backward elimination, the reduced multivariable model is identical to the 2-
compartment open model with first-order input, first-order elimination, and Vp fixed to
191 L following modifications to the IIV random effects model.

4.2.6 Model Refinement

Model refinement consisted of evaluating the effects of fixed parameters in the model,
and investigating the influence of any remaining high weighted residuals. Fixed
parameters (Vp) were evaluated by estimating the parameter in the model and with a
sensitivity analysis. When Vp was not fixed, the model would not converge successfully
or suffered from numerical difficulties, despite numerous permutations of the initial
estimates.

Following unsuccessful attempts to estimate Vp, a sensitivity analysis was conducted to
determine if the fixed value for Vp (191 L), which was identified from a previous study
in subjects with T2DM, produced the smallest MVOF. Initially, values between -50%
and +100% of 191 L were evaluated. This approach was modified as large values of Vp
continued to produce small decreases in MVOF. The MVOF continued to decrease at
+10000% (~19000 L) of the reference value (Eigure 9.18). Table 8.8 demonstrates that
large changes in Vp had a minimal effect on the estimation of the other model parameters
and suggests that the model is insensitive to changes in Vp. This idea is supported by
Figure 9.19, which shows that large alterations in Vp primarily affect the shape of the
alogliptin concentration-time profile outside the range of data available in this study (ie,
TSLD>30 hr). Thus, although Figure 9.18 suggests that the Vp may be greater than 191
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L in this study, the data do not support the accurate estimation of this parameter.
Therefore, a Vp of 191 L was retained in this analysis.

Finally, the influence of absolute WRES values >5 was evaluated. Removing all absolute
WRES >5 had minimal impact on the main alogliptin PK parameters (ka, CL/F, Vc/F,
and Q). The absorption constant increased by ~13%, CL/F and Vc/F increased by less
than 1%, and Q decreased by less than 3%. Based on these findings, the 11 observations
with absolute WRES >5 were determined to have no significant impact on the population
PK model for alogliptin and were retained in the analysis.

4.2.7 Final Population PK Model

The final population PK model for alogliptin was a 2-compartment model with first-order
absorption and first-order elimination. The peripheral volume of distribution was fixed to
191 L because inadequate data were available to describe the distribution phase and the
Vp of 191 L from Study 002 in subjects with T2DM was reasonably well estimated. In
addition, Studies 002 and 008 had similar subject demographics. IIV was estimated on ka
and CL/F using an exponential error model and was obtained for Vc/F by allowing Vc/F
and CL/F to share an eta and then estimating the ratio of the standard deviation of V¢/F to
the standard deviation of CL/F using a fixed effect parameter. RV was described using a
CCV error model. Significant covariate relationships included the effect of CrCL as a
power function on alogliptin CL/F, weight as a power function on alogliptin Vc/F, and
weight as a linear function on alogliptin CL/F. Equations for calculating the typical value
of CL/F and Vc¢/F for the final model are provided in Equation 9 and Equation 10,
respectively. The final parameter estimates and standard errors estimated from the final
model in Study 008 are provided in Table 8.9. All parameters were estimated with good
precision except for ka and the term estimating the ratio of the standard deviations for
Vc¢/F and CL/F, which were estimated with moderate precision, and IIV on ka which was
estimated with poor precision. RV was moderate at 32.25 %CV.

CI’CL 0375
TVCL/Fy(L/hr)=17.8- (—j +0.086-(WTKG-85.15)

72.95
9)

15
TVVc/F(L)=187- (WTKGJ
85.15

(10)

Where:
TVCL/Fi= the typical value of the apparent oral clearance for the ith subject;

TVVc/Fi= the typical value of the apparent central volume of distribution for the
ith subject;

CrCLi = creatinine clearance in the ith subject; and
WTKGi = weight (kg) for the ithsubject.

Figure 9.20 and Figure 9.21 show the typical predicted values for CL/F across a range of
CrCL and body weight, respectively.
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Goodness-of-fit plots (Eigure 9.22 through Figure 9.27) generated from the final model
indicate that the model was significantly enhanced by the inclusion of covariate effects.
For example, plots of observed alogliptin plasma concentration versus predicted
alogliptin plasma concentration (Figure 9.22) show that a relatively unbiased fit was
achieved. Observed alogliptin plasma concentrations versus individual predicted
alogliptin concentrations (Eigure 9.26) demonstrate similar findings. Plots of WRES
versus predicted alogliptin concentrations (Eigur e 9.24) show an equal distribution above
and below 0, with only a few high WRES noted at lower alogliptin concentrations. In
addition, Figure 9.23 demonstrates that a CCV error model is appropriate and Figure
9.25 suggests that there is no pattern in the weighted residuals over the dosing interval.
Finally, the plot of individual WRES versus individual predicted alogliptin concentration
(Eigure 9.27) shows an acceptable distribution above and below 0, indicating that the
error model for RV was sufficient. Individual overlay plots of typical value predicted
alogliptin concentration, individual predicted alogliptin concentration, and observed
alogliptin concentration also indicated overall good model fit (Eigur e 9.28).

Histograms of eta distributions (Eigur e 9.29) generated for the final model show that 1TV
for ka and CL/F are approximately normally distributed with a mean of approximately 0.
Eta biplots (Figure 9.30) generated for the final model show that by allowing CL/F and
Vc/F to share the same eta, there were no longer any significant correlations (P=0.6595)
between IIV terms. In addition, delta parameter versus covariate plots for the final model
indicate that there were no strong relationships remaining that could be evaluated (Eiqure
9.31 and Figure 9.32).

Finally, the 52 observations classified as outliers that were removed from the analysis
during EDA were placed back in the model to test their influence on the estimation of
alogliptin parameters. The final population PK model including outliers produced
minimal changes in PK parameter estimates, but did not permit the estimation of IIV on
ka. CL/F and Vc/F changed by less than 3%; ka increased by approximately 12%; and Q
increased by approximately 13%.

The control stream and report file for the final model are provided in Appendix 10.7.
4.2.8 Model Qualification

Model qualification was assessed using the visual predictive check method. One thousand
steady-state datasets were simulated using subject dose and demographic characteristics
from the observed dataset. The 5th, 50th (median), and 95th percentiles of plasma
alogliptin concentration were calculated from each time point (every 5 minutes for 5
hours and every 10 minutes to 40 hours). The 5th, 50th, and 95th percentiles (Appendix
10.8) were plotted by dose and the corresponding observed concentrations from the
analysis dataset were overlaid (Eigure 9.33 and Figure 9.34). The visual predictive
check shows that most of the data fell within the 5th and 95th percentiles, indicating that
the model developed for alogliptin adequately describes the data from Study 008.

4.2.9 Summary of PK Parameters and Bayesian Predicted Individual Exposure Measures

Summary statistics of individual predicted Bayesian PK parameters are provided in
Table 8.10 and a listing of individual predicted Bayesian PK parameters are provided in
Appendix 10.9. The terminal elimination half-life for alogliptin, calculated using the
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typical predicted values from the final model, was 20.9 hours. Table 8.11 and Table 8.12
show summary statistics for individual predicted exposure measures [AUC(0-24), Cmax,
and C(24)] stratified by dose and renal function category as defined in the FDA Guidance
for Pharmacokinetics in Patients with Impaired Renal Function [34].

4.2.10 Assessment of Clinical Relevance of Covariates

Typical predicted steady-state CL/F, Vc/F, AUC(0-24), and C(24) values over a range of
high and low values for CrCL and body weight are presented in Table 8.13. In addition,
typical predicted alogliptin concentration-time profiles over a range of high and low
values for CrCL and weight after receiving a 12.5 mg or 25 mg dose are also provided

(Eigure 9.35 through Figure 9.38).
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Appendix B: Alogliptin Concentration-Response plots for Phase Ill
Studies

Figure 62. HBA1c Reduction from Baselineisnot Dependent on Alogliptin Concentrationsin
Studies 007, 008, 009, 010, and 011. Green and Red DotsIndicate Low (12.5 mg) and High (25 mg)
Dose Groups of Alogliptin.

a) Pioglitazone Controlled Study 009.

b) Metformin Controlled Study 008.
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Figure 63. HBA1lc Reduction from Basdline is not Dependent on Alogliptin Concentrations in
Studies 007, 008, 009, 010, and 011. Green and Red DotsIndicate Low (12.5 mg) and High (25 mg)
Dose Groups of Alogliptin. Purple Dots I ndicate Placebo Group.

b) Metformin Controlled Study 008.

a) Pioglitazone Controlled Study 009.
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8 APPENDIX C: Table of Patients With Cardiac Events

Alogliptin Predicted
Treatment, Subject Cardiac Serious Treatment- Trough Crmax
Study mg ID Emergent Adver se Event Concentration Concentration

003 6.25 265-2017 Non-cardiac chest pain 1.22 24.495
003 25 105-2019 Angina pectoris 44.7 101.05
003 25 109-2008 Non-cardiac chest pain . 108.45
003 >25 249-2004 Angina pectoris 198 476.68
007 12.5 256-7021 Cardiac failure congestive 21 54.449
007 12.5 315-7002  Arteriosclerosis coronary artery 9.6 46.474
007 12.5 422-7017 Myocardial infarction 74 60.793
007 12.5 424-7008 Electrocardiogram change . 63.623
007 12.5 435-7002 Non-cardiac chest pain 10.5 42.801
007 25 239-7001 Angina pectoris 6.26 105.41
007 25 383-7021 Angina pectoris 23.3 120.98
008 Placebo 485-8008 Angina unstable 0 0

008 12.5 263-8006 Bradycardia 22 38.083
008 12.5 520-8010 Hypertensive heart disease . 41.839
008 25 223-8006 Cardiac failure congestive 28.7 129.43
008 25 315-8012 Non-cardiac chest pain 76.9 106.29
008 25 447-8017 Non-cardiac chest pain 16.8 96.061
009 12.5 107-9005 Myocardial infarction 9.74 53.002
009 12.5 422-9009 Angina pectoris <1 54.336
009 12.5 422-9009 Coronary artery disease <1 54.336
009 12.5 463-9003 Sudden death 11.1 51.687
009 25 107-9011 Cardiac failure congestive 116 99.311
009 25 252-9006 Myocardial infarction <1 90.802
009 25 301-9005 Angina pectoris 22.7 90.935
009 25 320-9003 Myocardial infarction . 94.365
009 25 429-9002 Cardiac failure congestive 47.1 142.37
010 12.5 252-4005 Non-cardiac chest pain 18.9 64.636
010 12.5 440-4008 Palpitations 10 35.111
010 25 442-4005 Angina pectoris 16.5 94.273
011 Placebo 484-5001 Angina unstable 0 0

011 12.5 244-5024 Coronary artery disease 24.5 50.625
011 12.5 307-5003 Atrial fibrillation 354 60.801
011 12.5 329-5006 Atrial fibrillation 16.9 41.825
011 12.5 464-5005 Sudden death <1 53.023
011 25 395-5008 Angina unstable 3.77 105.86
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9 APPENDIX D: Pharmacokinetic Model Predictions
Figure 64. Revised Population PK Model Prediction of 100-mg Multiple Dosing in Study 002.
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Figure 65. Revised Population PK Model Prediction of 400-mg Multiple Dosing in Study 002.
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