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Comments: 
 

On July 26 and 27, 2012, Takeda resubmitted NDA 22-271 (alogliptin tablets) and 
NDA 22426 in response to issues identified in Agency’s April 2012 Complete 
Response letter.   
 
Biopharmaceutics reviews of these two NDAs in DARRTs from the previous 
cycles (22-271 – 04/04/12 and 22-426 – 12/22/11) indicated that there are no 
outstanding Biopharmaceutics issues identified for NDA 22271 and 22426. 
 
Recommendation: From the Biopharmaceutics perspective, both NDAs 22271 and 
22426 are recommended for approval.  
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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 HCl, 
0.01 N HCl, 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 HCl 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 Profiles for Alogliptin Tablets: The dissolution profiles for 6 individual 
alogliptin tablets (  6.25mg, 12.5mg and 25mg) were investigated using 0.1 N 
HCl (pH 1.0), 0.01N HCl (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.  
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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 HCl (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.  
 

 
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 
PPARγ 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 AUC0-t 
is 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 
AUC0-t 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 
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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. 
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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 Phase IV 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  

 
• 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. 
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2 Question Based Review 
 

2.1 What is the 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 

Reference ID: 3073062
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Urine samples 

 
PD samples 

 
 

 

 

 
 
Figure 4 Mean alogliptin plasma concentration-time profiles (left) and DPP-4 inhibition (right) by 

treatments (Study SYR-322-101) 
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Table 4 Alogliptin PK parameters (Study SYR-322-101) 

 
 
 
 
Table 5  Mean DPP-4 inhibition on Day 7 (Study SYR-322-101) 
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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. 
 
 

 
 
Figure 7  Mean (SD) plasma concentration-time profiles by treatments (Study SYR-322/CPH-004) 
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Table 6 Statistical analysis of pharmacokinetic parameters for alogliptin and its metabolites (Study 
SYR-322/CPH-004) 

 
 

2.4 Is no dose adjustment for patients with 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 
AUC0-t 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 AUC0-t  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.  
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Reviewer’s Comment:  The sponsor’s justifications are acceptable. Mean AUC0-t 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 parameters for patients with mild renal impairment and 
statistical analysis compared to those of healthy subjects 
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Figure 8  AUC (left) and Cmax versus creatinine clearance. 
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Table 8 AEs by Endpoint Renal Function (Cockcroft-Gault) and Preferred Term (Controlled Phase 
2 and 3 Study Group) 

 
 

 
Table 9 AEs by Endpoint Renal Function (MDRD) and Preferred Term (Controlled Phase 2 and 3 

Study Group) 
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Table 12   Alogliptin pharmacokinetic parameters (Study SYR-322-103) 
 

 Arithmetic Mean (%CV)
Parameter (unit) Treatment A: 

Alogliptin 25 mg Oral 
Treatment B: 
Alogliptin 12.5 mg IV 

Plasma 
Dose-adjusted  

AUC(0-inf) ([ng�hr/mL]/mg) 73.49 (15.778) 73.02 (16.364) 
AUC(0-tlqc) ([ng�hr/mL]/mg) 69.96 (15.659) 68.47 (16.258) 
AUC(0-24) ([ng�hr/mL]/mg) 53.46 (16.868) 52.46 (15.047) 
Cmax ([ng/mL]/mg) 5.94 (27.903) 13.88 (21.484) 

Unadjusted   
AUC(0-tlqc) (ng�hr/mL) 1749.04 (15.659) 855.82 (16.258) 
AUC(0-inf) (ng�hr/mL) 1837.21 (15.778) 912.74 (16.364) 
AUC(0-24) (ng�hr/mL) 1336.51 (16.868) 655.80 (15.047) 
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) 
λz (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) 

Ae(0-72) (mg) 15.33 (13.775) 8.05 (12.582) 
Fe(0-24) (%) 48.15 (16.493) 52.24 (12.162) 
Fe(0-72) (%) 61.31 (13.775) 64.36 (12.582) 
CLr(0-24) (L/hr) 9.24 (23.933) 10.17 (19.233) 
CLr(0-72) (L/hr) 9.00 (22.812) 9.56 (19.300) 
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Table 15 Steady-state assessment of predose concentrations of alogliptin (Study SYR-322-101) 
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Figure 12 mean (SD) plasma concentration-time profiles for metabolites by treatments: M-I (left 

panel) and M-II (right panel) (Study SYR-322/CPH-004) 
 
Table 18 Pharmacokinetic parameters for metabolites (Study SYR-322/CPH-004) 
M-I  

 
 
M-II 
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Figure 13  cumulative urinary excretion ratio of alogliptin (Study SYR-322/CPH-004)) 
 
Table 19 Cumulative urinary excretion ratio up to 72 hours for alogliptin and its metabolites (Study 

SYR-322/CPH-004)) 

 
 
 
Table 20 Renal clearance of alogliptin (Study SYR-322/CPH-004) 
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3.3 Individual study synopsis 

3.3.1 Study SYR-322-103 
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Schedule of Assessment 

 
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. 
(l) 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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3.3.2 Study SYR-322-101 
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3.3.3 Study SYR-322/CPH-004 
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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 Phase IV Commitments 
 
None 

1.3 Summary of Important Clinical Pharmacology 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: 
• 24 Phase 1 studies, 
• One Phase 2 study, 
• Five Phase 3 studies for monotherapy and combination with a peroxisome 

proliferator-activated receptor gamma (PPARγ), 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 (HbA1c), 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 HbA1c was 
significantly greater than that of placebo in all Phase 3 studies. Overall, there is no clear 
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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 AUC0-t increased by 28% and 19% in elderly and in 
women, respectively, compared to that of matching control groups. In addition, AUC0-t 
increased by 28% in white subjects compared to that of black subjects. Alogliptin AUC0-t 
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. 
 

 
Figure 1 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 IC50.  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 4  Change from baseline in HbA1c (%) on Day 85 for Study 003 (dose ranging study)  
 
The HbA1c 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). 
 

 
 
Figure 5  Change from baseline in HbA1c (%) at Week 26 for Phase 3 studies 
 
Table 1  Placebo-corrected change from baseline in HbA1c at Week 26 by treatment 

 
 
However, no concentration (or dose)-effect relationship was evident for alogliptin in 
reducing serum HbA1c concentrations and therefore, there is no clear benefit in starting 
with 25 over 12.5 mg alogliptin for serum HbA1c reduction.  In addition, serum HbA1c 
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Figure 7  Concentration – QTcF relationship 
 
 

2.2.3 What are the PK characteristics of the drug and its major metabolite? 
 
• Absorption, distribution, metabolism, and elimination 
 
Permeability of alogliptin (0.888 -1.23 x10-6 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.  

 
Figure 8 Mean cumulative profiles of urinary and fecal excretion of radioactivity following 

25 mg alogliptin containing 100 µCi of 14C 
 
Alogliptin plasma protein binding was concentration dependent and ranged from 28% to 
38% in concentration range of 10µg/mL to 0.01µg/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). 
 
Table 2  Alogliptin pharmacokinetic parameters following 12.5 mg and 25 mg 
 

 
 
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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Figure 9  Major metabolic pathways 
  
Alogliptin did not show inhibition potential on CYP1A2, 2C8, 2C9, and 2C19 at 100 
µmol/L in pooled human liver microsomes (from 9 individuals). Alogliptin showed 
inhibition potential on CYP2D6 but its IC50 (>100 µM) was significantly higher than 
Cmax (100 µM) (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. 
 
Table 3  In vitro evaluation of alogliptin as an inhibitor of human CYP enzymes 
 

 
 
Alogliptin did not show induction potential on CYP1A2, 2B6, 2C9, and 2C19 but  only 
induction potential on CYP3A4/5 at 100 µmol/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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• 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). 
 
Table 4  Slopes between alogliptin exposure and doses  
 

slope (90% CI) AUC0-t 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 AUC0-24hr 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 differences in exposure on 
efficacy or safety responses?   

 
• 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. 
 
Table 5 Alogliptin exposure comparison between healthy subjects and T2D patients 

following 400mg QD 
 Day 1 steady-state* 
 AUC0-24 

(ng hr/mL)
Cmax 

(ng/mL) 
AUC0-24 

(ng hr/mL) 
Cmax 

(ng/mL) 
Healthy subjects (Study 019) 20162 2794 23646 2844 
T2D 
(Study 002) 

15823 2420 20675 2560 

* Day 7 for healthy subjects (n=64) and Day 14 for T2D patients (n=14-15) 
• 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 
 
• Age, gender and race 
 
Elderly subjects had 28% higher AUC0-24 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 AUC0-24 and Cmax than those of men, respectively. White 
subjects had 28% and 20% higher in AUC0-24 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. 
 

 
Figure 11 AUC by treatment groups 
 
Reviewer’s Comments: 
 
• 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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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 

 
• 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. 

 
 
Figure 13 AUC(0-t) vs. CrCl by renal status 
 

 
Figure 14 AUC0-t (left) and urinary excretion (right) by renal status following 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: 
 

61 yrs 
man 

57 yrs 
woman 
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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 HbA1c 
lowering effect of 12.5mg (-0.54% in monotherapy) is comparable to that of 25 mg (-
0.57% in monotherapy). 
 

• Hepatic impairment 
 
Moderate hepatic impairment classified by Child-Pugh system did not significantly affect 
alogliptin exposure (Table 6). 
 
Table 6 Alogliptin pharmacokinetic parameters in subject with moderate hepatic 

impairment following 25 mg single dose 

 
 

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. 
• The effect of metabolic modulators (fluconazole, ketoconazole, gemfibrozil and 

cyclosporine) on alogliptin exposure, 
• The effect of alogliptin on other drugs (caffeine, tolbutamide, dextromethorphan, 

midazolam, fexofenadine, glyburide, warfarin, ethinyl estradiol and norethindrone), 
• 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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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) 

 
QC statistics for urine assay (V1.00) 

 
 
QC statistics for plasma assay (v1.04) 

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

 
QC statistic for urine assay (validation report for SYR-322/00260) 
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3 Detailed Labeling Recommendations 
(Please refer attached file for clinical pharmacology labeling comments. Strikethrough indicates deletion 
and red underlined text indicates addition.) 
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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 

 
 
Table 12  Summary of investigational products 
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Figure 17 Mean plasma concentration-time profiles following 12.5 mg (left) and 25 mg (right) 

administration. 
 
Table 13 alogliptin PK parameters following 12.5 (upper) and 25 mg (lower), and GMR 

(test/reference) 
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Reviewer’s Comments:  
• 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. 

• 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 [14C]SYR-322 following oral administration in healthy 
male subjects (n=8) 

 
Methods: Subjects received alogliptin 25 mg aqueous solution containing 100 µCi of 14C 
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 14C was 
excreted in the urine as alogliptin by 120 hours post-dose and 56.8% of total radioactivity 
was recovered in 24 hours. 
 

 
Figure 18 Mean cumulative profiles of urinary and fecal excretion of radioactivity following 

25 mg alogliptin containing 100 µCi of 14C 
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Metabolite exposure was less than 1% of alogliptin exposure (Figure 19 and Table 14).  
 

  
 
Figure 19  Plasma concentration-time profile of alogliptin (left) and its metabolite (right) 

following 25 mg oral solution 
 
 
Table 14 Pharmacokinetic parameters for alogliptin and its metabolite following 25 mg oral 

solution 
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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 

  
 
Table 16 Whole blood and plasma pharmacokinetic parameters based on radioactivity 

 
 
Reviewer’s Comments:  
The following major conclusions are acceptable. 
• The mean total radioactivity recovery of 88.53% is close to the target recovery (90%) 

with low variability (CV of 2.3%). 
• Alogliptin major elimination pathway is the urinary excretion with 68% of dose 

recovery in urine as alogliptin.  
• 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: 
Loge(parameter) = a + b*Loge(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 AUC0-t 
and Cmax did not meet the statistical proportionality criteria because 90% confidence 
interval of slope did not include 1; 1.010-1.095 for AUC0-t 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. 
 

 
Figure 20 Mean alogliptin plasma concentration-time profiles by doses 
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Figure 21 Pharmacodynamic measures: ex vivo plasma DPP-4 inhibition over time (left) and 

plasma GLP-1 changes from the baseline over time (right) 
 
Table 17 Alogliptin pharmacokinetic parameters following 25, 50, 100, 200, 400, or 800 mg 

 
 
Table 18 Pharmacodynamic parameters: ex vivo DPP-4 inhibition (upper) and baseline 

corrected GLP-1 (lower) 

 
 
Table 19 Results of dose proportionality assessment using a power model: alogliptin 

(SYR110322) and its metabolite (SYR110324) 
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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: Loge(parameter) = a + b*Loge(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 EC50 for 
DDP-4 inhibition were estimated to be ranging from 1.350ng/mL to 2.818 ng/mL of 
alogliptin in plasma. The EC50 for baseline corrected GLP-1 AUC0-24 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 

doses in Japanese 
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Table 20 (continue) 

 
 
Table 21 Alogliptin metabolites and the optical isomer pharmacokinetic parameters following 

single doses in Japanese 
  Arithmetic Mean (SD)    

Parameter 
(units)  

Alogliptin 
6.25 mg 
N=7  

Alogliptin 
12.5 mg 
N=8  

Alogliptin 
25 mg N=8 

Alogliptin 50 
mg N=8 

Alogliptin 
100 mg N=8  

Alogliptin 
200 mg 

N=8  
Plasma 

M-I 
AUC(0-72) 
(ng·hr/mL) 

2.08 
(2.661) 

5.65 
(2.760) 

13.39 (9.926) 19.63 
(7.065) 

57.66 
(31.205) 

93.94 
(44.093) 

Cmax 
(ng/mL) 

0.11 
(0.069) 

0.25 
(0.120) 

0.50 (0.441) 1.15 (0.457) 4.44 (2.871) 7.01 
(3.017) 

T1/2 (hr) 59.343 
(17.89051) 

38.1361 
(18.07645) 

56.5176 
(55.41416) 

21.2264 
(2.61390) 

17.7644 
(1.91234) 

16.3781 
(2.78911) 

M-II 
AUC(0-72) 
(ng·hr/mL) 

10.76 
(4.883) 

26.81 
(6.606) 

75.26 
(27.170) 

101.16 
(38.388) 

216.25 
(75.972) 

535.69 
(171.599) 

Cmax 
(ng/mL) 

1.34 
(0.577) 

2.91 
(0.544) 

7.69  
(2.454) 

12.89 
(5.288) 

31.10 
(13.983) 

62.15 
(16.967) 

T1/2 (hr) 5.9274 
(1.3839) 

7.8524 
(2.6232) 

11.7501 
(3.3094) 

10.5054 
(3.1461) 

14.9144 
(6.3089) 

12.0213 
(3.1848) 

(S)-SYR-322 
AUC(0-72) 
(ng·hr/mL) 

    15.26  
(3.4) 

24.04 
(4.905) 

Cmax 
(ng/mL) 

       1.91  
(0.788) 

2.98 
(0.625) 

T1/2 (hr)        14.2726 
(4.3542) 

11.4244 
(3.4216) 

 Alogliptin 
6.25 mg 
N=7  

Alogliptin 
12.5 mg 
N=8  

Alogliptin 
25 mg N=8  

Alogliptin 
50 mg N=8 

Alogliptin 
100 mg 

N=8  

Alogliptin 
200 mg 

N=8  
Urine 

Fe%(0-72) 

M-I 0.361 
(0.252) 

0.470 
(0.2022) 

0.616 
(0.5658) 

0.600 
(0.2378) 

1.060 
(0.5605) 

0.788 
(0.3784) 

M-II 2.459 
(0.9761) 

2.928 
(0.8638) 

3.458 
(0.8502) 

2.864 
(1.1449) 

2.845 
(0.8058) 

3.094 
(0.8234) 

(S)-SYR-
322 

0.278 
(0.0587) 

0.211 
(0.0344) 

0.116 
(0.0169) 

0.259 
(0.0387) 

0.303 
(0.0453) 

0.310 
(0.0273) 
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Figure 24  Baseline corrected GLP-1 (AUC0-24) vs. dose (upper), alogliptin AUC0-24 (lower 

left), and alogliptin Cmax (lower right) 
 
Table 22 Assessment of dose proportionality using a power model 
 

 

 
 
Table 23 Assessment of dose proportionality using ANOVA for natural log-transformed 

alogliptin AUC and Cmax normalized by dose 

 
 



Page 41 of 156 

Table 23 (continue) 

 
 
 
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 AUC0-inf was slightly less proportional to dose in the Japanese study and the 
AUC0-inf 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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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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Figure 27 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 

 
Table 24 Alogliptin pharmacokinetic and pharmacodynamic parameters following multiple 

doses 
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Table 25 Accumulation ratios 

 
 

4.2.6 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: 
• 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.  

• 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 source 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, blue for 100 mg, green for 400 mg and light blue in right for placebo. 
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Figure 29 Relationship between CP and DPP-4 inhibition in T2D following once daily; red 

circle – 25 mg QD, green triangle – 100 mg QD, and blue triangle – 400 mg QD 
 
Table 26 Pharmacokinetic and pharmacodynamic parameters on Day 14 following multiple 

doses 

 

 
 
Table 27 dose proportionality 
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4.2.7 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 0mg 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 Pharmacokinetic parameters on Day 1 and Day 6 following 100 mg or 400 mg QD 

for 6 days 

 
 
 

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. 
 

APPEARS THIS WAY ON ORIGINAL
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Table 29 Pharmacokinetic parameters on Day 1 and Day 7 following 50mg or 400mg QD for 
7 days 

 
 

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: 
 
• Elderly subjects had 28% higher in AUC0-24 than that of young subjects and Cmax in 

the elderly subjects was not significantly different to that of young subjects.  
• Women had 19% and 22% higher for AUC0-24 and Cmax, respectively than those of 

men.  
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• White subjects had 28% and 20% higher for AUC0-24 and Cmax, respectively than 
those of Black subjects. 

• 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 

 
 
Table 31 Samples for pharmacokinetic and pharmacodynamic assessment 

 
 
Table 31 (continue) Urine samples 
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Figure 30 LSM AUC by sub-groups 
 
Table 32 Pharmacokinetic parameters and LSM by sub-groups 
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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 
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Figure 32 Alogliptin AUC vs. Age by sex (circle for 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 (CrCl 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: 
CrCl (mL/min) = c * (140-Age(yrs)*Weight(kg)) / 72*Serum creatinine (mg/dL) 

where c = 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). AUC0-t 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: 

• 12.5 mg for creatinine clearance ≥ 30 to < 50 mL/min, 
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• 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 Pharmacokinetic sampling scheme 

 
 
 

 
 
 
Figure 33 AUC0-t vs. CrCl by renal status 
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Table 34 Pharmacokinetic parameters and LSMs 
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Table 36 Pharmacokinetic parameters 
Alogliptin 

 
 
Metabolite (M1) 
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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 µg/mL. 
• 4-Hydroxytolbutamide in plasma: 0.0025 to 2.50 µg/mL. 
• Carboxytolbutamide in plasma: 0.005 to 5.00 µg/mL. 
• Tolbutamide in urine: 5.0 to 1000 ng/mL. 
• 4-Hydroxytolbutamide in urine: 0.3 to 150 µg/mL 
• Carboxytolbutamide in urine: 0.6 to 300 µg/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 µg/mL. 
• Dextrorphan in urine: 0.02 to 20.0 µg/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 µg/mL. 

 
Reviewer’s Comments: 
 
Alogliptin dose was 100mg QD in the cocktail study and the proposed dosing is 25 mg 
QD.  The observed alogliptin effect on dextromethorphan exposure (i.e., 26-32% 
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. 
 
 
 
Table 37 Sampling schedule 
Probe substrates 

 
Alogliptin 
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Urinary sampling schedule 

 
 
Table 38 Pharmacokinetic parameters of probe substrates and metabolites 
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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 (Diaβeta®),  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 (Diaβeta®) 5mg 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 

 
glyburide 
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Table 40 alogliptin pharmacokinetic parameters on Day 10 

 
 
Table 41 alogliptin pharmacokinetic parameters on Day 10 
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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 
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Table 43 and 

APPEARS THIS WAY ON ORIGINAL
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Table 44. There was no significant effect of alogliptin on warfarin pharmacokinetics and 
pharmacodynamics. 
 
Figure 34 Schematic of study design 
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Table 42 Pharmacokinetic and pharmacodynamic sampling schemes 
 
Plasma sampling 

 
Urine sampling 

 
PT and INR sampling 

 
 

  
 
Figure 35 Plasma concentration-time profiles of R-warfarin (left) and S-warfarin (right) 
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Table 43 Pharmacokinetic parameters of R-warfarin, S-warfarin and alogliptin 
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Table 44 Pharmacodynamic parameters 
 

 
 
 
 

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 µg. 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 
 

 
 
Table 45 Pharmacokinetic sampling schemes 
 

 

 
 
 
Table 46 Pharmacodynamic sampling for LH, FSH, E2, progesterone, and SHBG 
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Table 47 Ethinyl estradiol and norethindrone pharmacokinetic parameters 

 
 
Table 48 Ethinyl estradiol and norethindrone pharmacodynamic parameters 
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Table 49 alogliptin and its metabolite pharmacokinetic parameters 

 
 

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 CYP2C8 and to a lesser extent 
by CYP3A4, 1A1, 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. 
 

 
Figure 37 Schematic of study design 
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Table 50 Pharmacokinetic sampling for drugs 
plasma sampling 

 
urine sampling 

 
 
Table 51 Pioglitazone and its metabolites pharmacokinetics on Day 12 
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Table 52 Alogliptin, its metabolites, and optical isomer pharmacokinetics on Day 12 
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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). 
 

 
Figure 38 Schematic of study design 
 
Table 53 Pharmacokinetic sampling for drugs 
plasma 

 
urine 
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Table 54 atorvastatin and its metabolites pharmacokinetics on Day 7 
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Table 55 alogliptin and its metabolite pharmacokinetics on Day 7 
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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 µg QD for 10 
days, and alogliptin 25 mg+digoxin 200 µg 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). 
 

 
Figure 39 Schematic of study design 
 
Table 56 Pharmacokinetic sampling for drugs 
plasma 

  
urine 
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Table 57 digoxin and alogliptin pharmacokinetic parameters 
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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: 

• SYR-322 100 mg QD for 6 days 

• Metformin 1000 mg BID for 6 days. 

• SYR-322 100 mg QD + Metformin 1000 mg BID for 6 days 
Cimetidine arm: 

• SYR-322 100 mg QD for 6 days 

• Cimetidine 400 mg QD for 6 days. 

• 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 oz (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 
to 4, 4 to 8, 8 to 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, AUCτ in multiple dose study, AUCinf, Cmax, Tmax, T1/2, 
CL/F, Vz/F, accumulated urine excretion XU0-96 hr 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 (CIs) of AUCinf for single dose study or AUCτ 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 AUCτ 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 AUCτ 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%.  

• Plasma AUCτ and Cmax of SYR-322 had 4.7% and 14.4% reduction in GMR. 

• The 90% CI for AUC was 93.8% to 96.8%. 

• 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 parameters of SYR-322 following a single oral dose of SYR-322 100 mg under 

fast or fed conditions in healthy subjects. 
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Table 59 Geometric mean, GM ratios and 90% CI of SYR-322 in healthy subjects following a 
single oral dose of SYR-322 100 mg under fast or fed conditions. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 40 Average plasma concentration of SYR-322 following a single oral dose of SYR-322 

100 mg in healthy male subjects under 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 AUCτ 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 AUCτ 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  

• Plasma AUCτ and Cmax of SYR-322 had 6.5% and 4.8% increase in GMR, 
respectively. 

• The 90% CI for AUCτ was 103.2% to 109.9%. 

• The 90% CI for Cmax was 98.4% to 111.6%. 
SYR-322 in the presence of metformin 
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• GMRs of plasma AUCτ and Cmax of SYR-322 had no change and 10.5% 
reduction, respectively. 

• The 90% CI for AUCτ was 97.2% to 102.9%. 

• The 90% CI for Cmax was 82.0% to 97.7%. 
Cimetidine 

• GMRs of AUCτ and Cmax of cimetidine had 4.3% increase and 0.7% reduction, 
respectively. 

• The 90% CI of GMR for AUCτ was 98.2% to 110.7%. 

• The 90% CI of GMR for Cmax was 90.7% to 108.7%. 
Metformin 

• GMRs of AUCτ and Cmax of metformin had 18.9 and 0.4% increase, 
respectively. 

• The 90% CI of GMR for AUCτ was 109.5% to 129.1%. 

• 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 AUCτ of metformin, SYR-322 is unlikely to cause a clinical 
significant effect on metformin. 
 
Table 60 PK parameters of 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. 

 



Page 91 of 156 

Table 61 PK parameters of 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 
mg metformin BID. 

 
Table 62 PK parameters of cimetidine in healthy subjects following multiple oral doses of 400 

mg cimetidine QD alone or in coadministration with multiple oral doses of 100 mg 
SYR-322 QD. 
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Table 63 PK parameters of 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 64 Geometric mean ratios and 90% CI in AUCτ 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.  
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Table 65 Geometric mean ratios and 90% CI in AUCτ and Cmax of cimetidine in healthy 
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 66  Geometric mean ratios and 90% CI in AUCτ and Cmax of metformin in healthy 

subjects at steady state following multiple oral doses of 1000 mg metformin BID 
alone or coadministration with multiple oral doses of 100 mg SYR-322 QD.  

 
Conclusions: 

• 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 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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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 
AUCτ and the 90% CI of GMR for AUCτ 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.  

 

4.2.20 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-I. 

 
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. 

 

 

 

 

 

 

 

 
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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• 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%. 

 
 

 

 

 

 

 

 

 

 

 
Figure 41  Mean plasma concentration of SYR-322 in healthy subjects following a single oral 

dose of SYR-322 25 mg alone at Day 1 and coadministration with fluconazole 200 
mg QD at Day 11 after pretreatment with fluconazole from Days 5 to 10. 

 
Figure 42  Mean plasma concentration of SYR-322 metabolite M-I in healthy subjects 

following a single oral dose of SYR-322 25 mg alone at Day 1 and coadministration 
with fluconazole 200 mg QD at Day 11 after pretreatment with fluconazole from 
Days 5 to 10.  
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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.  

 

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%. 

• 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.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 44  Mean plasma concentration of SYR-322 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 5 to 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 
5 to 10.  

 

 

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%. 

• 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% 
CI 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.  

 

 

 

 

 

 

 

 

 

 

 
Figure 46  Mean plasma concentration of SYR-322 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.  
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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.  

 

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 AUC0-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 AUC0-inf and 22.04% increase in 
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Cmax, 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%). 

o 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%). 

o 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. 
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• 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). 
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 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 cyclosporine in 
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 cyclosporine in healthy male subjects. 

 

 

 

 

 

 

 

 

 

 

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 

• Plasma AUC(0-48) and Cmax of SYR-322 had 13.2% and 5.4% increase in GMR. 

• 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 

• Plasma AUC(0-48) and Cmax of SYR-322 M-I had 47% and 54% increase in 
GMR, respectively. 

• Ae(0-48) of SYR-322 M-I increased 19.8%; while CLr decreased 4.8%. 
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Table 71 PK parameters of 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 cyclosporine in 
healthy male subjects. 

 

 

Conclusions: 

• Cyclosporin does not have significant impact on the plasma pharmacokinetics of 
SYR-322. 

• Cyclosporin seems to have no effect on urinary clearance of SYR-322. 

• 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: 

• 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. 

• 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.  

• 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. 

• 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. 

 
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 oz of hash brown potatoes (fried with butter), and 
8 oz (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:  

• The subjects who had previous exposure to SYR-322.  

• The subjects who had a history of hypersensitive to SYR-322-related compounds.  

• 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. 

• The subjects used prescription medication, OTC medication, or herbal 
preparations within 14 days prior to dosing. 

• 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 λz. 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, 
AUC0-72, 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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• GMR of AUCinf of SYR-322 was reduced by 1.06% and the 90% CI ranged from 
97.28% to 100.63% (Table 72). 

• GMR of Cmax of SYR-322 increased by 3.41% and the 90% CI ranged from 
92.38% to 115.75% (Table 72).  

• The median Tmax was at 1.508 and 1.983 hours under the fast and fed conditions, 
respectively (Table 72). 

• 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 Mean plasma concentration of SYR-322 after a single oral dose of 25 mg SYR-322 

under fast or fed conditions. 
 

 

 

 

 

 

 

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 means ratios and 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. 
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• 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. 

• 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.  

• 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. 

• 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/MS/MS assay for the determination of plasma 

SYR-322 concentration. 
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Table 76 Summary of calibration standards during the plasma sample analysis for the SYR-
322/026 study. 
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Table 77 Inter-assay precision and accuracy during the plasma sample analysis for the SYR-
322/026 study. 

 

 
 
 

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, 
AUC0-72, 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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• GMR of AUCinf of SYR-322 was reduced by 4.9% and the 90% CI ranged from 
90.4% to 100.0%. 

• GMR of Cmax of SYR-322 was reduced by 14.1% and the 90% CI ranged from 
71.1% to 103.7%.  

• The median Tmax was at 1 and 3 hours under the fast and fed conditions, 
respectively (Table 1). 

• 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  Mean plasma concentration of SYR-322 after a single oral dose of 50 mg SYR-322 

under fast or fed conditions. 
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Table 78 PK parameters and summary statistics for SYR-322 after a single oral dose of 50 mg 
SYR-322 under fast or fed conditions. 

 
Table 79 Geometric means ratios and 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. 

 
 

Drug Name 
 

PK Parameter 
Geometric Mean

Fast 
(N=8) 

Geometric Mean
Fed 

(N=8) 

Ratio (%) 
(90% CI) 

AUCt 
(ng*h/mL) 

3377.021 3203.952 94.9% 
(90.7%-99.3%) 

AUC0-72 hr 
(ng*h/mL) 

3377.021 3203.952 94.9% 
(90.7%-99.3%) 

AUCinf 
(ng*h/mL) 

3473.269 3302.163 95.1% 
(90.4%-100.0%)

 
 

SYR-322 
 

Cmax 
(ng/mL) 

341.651 293.343 85.9% 
(71.1%-103.7%)
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Figure 51 Mean cumulative urinary excretion ratio of SYR-322 after a single oral dose of 50 
mg SYR-322 under fast or fed conditions. 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 80 Summary statistics for renal clearance of SYR-322 after a single oral dose of 50 mg 

SYR-322 under fast or fed conditions. 
 
 

 
 

Reviewer’s Comment: 

• 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. 

• 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 Metabolism 
Study SYR-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 µM in 96-well plate using the known probe substrates.  
Results: SYR322 did not inhibit CYP450 1A2, 2C9, 2C19, and 3A4, with the IC50 greater than 
40 µM.  SYR-322 showed some activity in the inhibition of 2D6 and may warrant in vivo 
confirmation study. 

 

Study SYR-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 µM 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. 

 

SYR-322-00021 study: Identification of the CYP450 isozymes involved in the metabolism of 
SYR110322-reaction phenotyping. 

10 µM 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 µM.  
Results: Under the experiment conditions, SYR-322 caused approximately 27% inhibition of 
2D6, however the IC50 was greater 100 µM. 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 µM, the highest concentration examined.  

SYR-322 appeared to cause a mechanism-based inhibition to 3A4/5, and the IC50 was 78 and > 
100 µM using midazolam and testosterone as substrate, respectively. SYR-322 did not cause 
mechanism-based inhibition of CYP1A2, 2C8, 2C9, 2C19 or 2D6. 

 

SYR-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 DMSO control, SYR-
322 at three concentrations (1, 10 or 100 µM) or three known P450 enzyme inducers 
(omeprazole at 100 µM, Phenobarbital at 750 µM or rifampin at 10 µM) 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 µM. SYR-322 caused significant induction of CYP3A4/5 activity, and 
the induction at 100 µM was 27.6% as effective as rifampin. 
 

 
 
SYR-322-00123 study: Permeability of SYR-322 across Caco-2 cells 

Permeability or SYR-322 (3 µM) 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. 3H-
verapamil (10 µM) and 14C-mannitol (10 µM) were used as reference for high and low 
permeability compounds. 3H-digoxin (3 µM) served as a typical substrate for P-gp. 

Results: The permeability of [cyano-14C]-SYR-322 resembled to that of 14C-mannitol more than 
to 3H-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 3H-
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 
SYR-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 ºC for 16 hours. [3H] acetaminophen (low binding control) and [14C] 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.  

 
SYR-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 µM.  

Results: The human plasma protein binding for SYR-322 M1 ranged from 12.2% at 1 µM to 
32.2% at 100 µM. 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 µM in mouse, 
respectively. 

 
SYR-322-00135 study: In vitro plasma protein binding of [14C] SYR-322 in rats, dogs and 
humans. 

In vitro plasma protein binding of [14C] SYR-322 in rats, dogs and humans was determined by 
the ultrafiltration method. [14C]SYR-322 was spiked into plasma of rats, dogs, and humans. The 
spiked samples were centrifuged at approximately 1,500×g for 15 minutes to obtain the filtrate. 
[14C]SYR-322 concentration in spike sample and filtrate were measured for radioactivity by 
using liquid scintillation spectrometry.  

 

Results: The protein binding of [14C]SYR-322 in the plasma at the concentration range of 0.01 to 
10 µg/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 [14C] SYR-322 was 
concentration dependent, and was moderate in all species. 
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4.3 PHARMACOMETRIC REVIEW 
 

PHARMACOMETRIC REVIEW 
 
 

NDA: 22271 
Drug name: Alogliptin 
Indication: Type II Diabetes Mellitus 
Proposed Regimen (Sponsor): 25 mg QD with 6.25 and 12.5 mg doses 

for patients with impaired renal function. 
Applicant: Takeda Global Research & Development 

Center, Inc. 
OCP Reviewer Sang Chung, Ph.D. 
Pharmacometric Primary Reviewer: Justin Earp, Ph.D. 
Pharmacometric Secondary 
Reviewer: 

Rajnikanth Madabushi, Ph.D. 

Pharmacometric Team Leader: Yaning Wang, Ph.D. 
Type of Submission: NDA 
Submission Date: 12/27/2007 
PDUFA Date: 10/27/2008 
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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. Is there any 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 
HbA1c.  No concentration-effect relationship was evident for Alogliptin effects on 
reducing serum HBA1c concentrations.  However, serum HbA1c 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. Change in HbA1c in the Placebo Controlled Study 010. Solid diamonds indicate treatment 
with placebo.  Solid squares indicate 12.5 mg alogliptin and open circles indicate treatment with 25 
mg alogliptin. 

 
2. Is there 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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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 HbA1c 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 AUC0-24 (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 HbA1c 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 HbA1c 
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 

 

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 HbA1c.  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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To test whether change in HBA1c 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 
HbA1c after 26 weeks of therapy (Figure 56).  Figure 56 shows no clear relationship 
between alogliptin concentrations and reduction of HBA1c 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. 
Figure 56.  HBA1c Reduction from Baseline is not Dependent on Alogliptin Concentrations in 
Placebo Controlled Study 010.  Green, Red and Purple Dots Indicate Low (12.5 mg), High (25 mg) 
and placebo Dose Groups of Alogliptin. 

a)  Log-Conentration Scale Without Placebo 
Data. 

 

b)  Linear Concentration Scale Including 
Placebo Data. 
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There appears to be no added benefit by giving 25 mg over 12.5 mg. The above 
concentration-HBA1c 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 HBA1c 
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 (\\Cdsesub1\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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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 Cmax and trough concentrations (Figure 60). 
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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 η 
parameters with the phase II multiple-dose pharmacokinetic data.  The parameter η 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: 

( )2211CL OCCOCCTVCLCL ηηη ⋅+⋅+⋅= e  

( )4231V OCCOCC
CC TVVV ηηη ⋅+⋅+⋅= e  

where TVCL is the expected population value of clearance, ηCL is the general inter-
individual variation in clearance, ηV is the general inter-individual variation in the central 
volume of distribution, η1 and η2 are the within individual variation between occasions 
on clearance and are constrained to have the same final estimate, η3 and η4 are the within 
individual variation between occasions on the central volume of distribution and are also 
constrained to have the same final estimate, OCC1 is a flag-variable assigned a value of 1 
for study-day 1 and 0 to indicate study day 14, and OCC2=1-OCC1.  The standard 
deviations for η1/2 and η3/4 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 HbA1c 
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. 
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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 HbA1c (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 Trials for Efficacy of Alogliptin (SYR-322). 

 

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 HbA1c) 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 
HbA1c at Week 26. The primary efficacy analysis for each was an analysis of the change 
from Baseline to Week 26 in HbA1c using LOCF, the FAS, and an ANCOVA model as 
summarized in Table 2. 
Table 82. Sponsor’s Statistical Analysis 

 
All primary ANCOVA models included treatment group and geographic region as class 
effects, and Baseline HbA1c 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 HbA1c ≤6.5%, ≤7.0%, and ≤7.5% 

• Incidence of Week 26 HbA1c decrease from Baseline ≥0.5%, ≥1.0%, ≥1.5%, and ≥
2.0% 

Glycemic Control Variables: 

• Change from Baseline in HbA1c 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 ≥200 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 HbA1c 
by study visit, FPG, proinsulin, insulin, C-peptide, body weight, and the incidence of 
marked hyperglycemia. Descriptive statistics for change from Baseline in HbA1c, 
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 Baseline in HbA1c (%) by study visit for Studies 007, 008, 009, 010, and 011.  
Solid diamonds indicate treatment with placebo.  Solid squares indicate 12.5 mg alogliptin and open 
circles indicate treatment with 25 mg alogliptin. 

a)  Pioglitazone Controlled Study 009.  

 

b)  Metformin Controlled Study 008.   

c)  Sulfonylurea Controlled Study 007. d)  Insulin Controlled Study 011. 

CFB = Change From Baseline, LS = Least Squares, *** = P < 0.001 compared with placebo. 

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 ≥1500 mg or their 
maximum tolerated dose for at least 8 weeks before randomization. Subject HbA1c 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 HbA1c levels at Week -1 (HbA1c <8.0% 
versus ≥8.0%) 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 Model 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, (Figure 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 (Figure 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 
(Figure 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 
(Figure 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 (Figure 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 Structural 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 (1.8E8). 
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 (Figure 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 IIV 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 Statistical 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 IIV on ka and IIV on Vc/F (P<0.0001) 
(Figure 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), IIV on Vc/F was estimated using the random effect term 
for the IIV on CL/F, multiplied by an estimated scalar constant, θ. The random effects 
model can be described using Equation 6 and Equation 7: 

CL/Fi = TVCL/F·exp(ηi,CL)     
 (6) 

Vc/Fi = TVVc/F·exp(ηi,CL)     
 (7) 

Where: 

CL/Fi = the predicted value of clearance for the ith individual; 

TVCL/F = the typical predicted value of clearance; 

ηi = the IIV on CL/F for the ith individual; 

Vc/Fi = the predicted value of central volume of distribution for the ith individual; 

TVVc/F = the typical predicted value of central volume of distribution; and 



Page 151 of 156 

θ = the ratio of the standard deviation of interindividual variability in volume and 

clearance (ωv/ωcl). 

The variance for Vc/F can now be described by Equation 8: 

variance (Vc/F)=θ2⋅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 IIV 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 (Figure 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 Vc/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. 

TVCL/Fi(L/hr)=17.8·
3750

95.72
CrCL

⎟
⎠
⎞

⎜
⎝
⎛ +0.086·(WTKG-85.15)  

 (9) 

  TVVc/Fi(L)=187·
51

15.85
WTKG

⎟
⎠
⎞

⎜
⎝
⎛    

 (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 ith subject. 

Figure 9.20 and Figure 9.21 show the typical predicted values for CL/F across a range of 
CrCL and body weight, respectively. 



Page 153 of 156 

Goodness-of-fit plots (Figure 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 (Figure 9.26) demonstrate similar findings. Plots of WRES 
versus predicted alogliptin concentrations (Figure 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 
(Figure 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 (Figure 9.28). 

Histograms of eta distributions (Figure 9.29) generated for the final model show that IIV 
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 (Figure 
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 (Figure 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 
(Figure 9.35 through Figure 9.38).  
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7 Appendix B: Alogliptin Concentration-Response plots for Phase III 
Studies 
Figure 62.  HBA1c Reduction from Baseline is not Dependent on Alogliptin Concentrations in 
Studies 007, 008, 009, 010, and 011.  Green and Red Dots Indicate Low (12.5 mg) and High (25 mg) 
Dose Groups of Alogliptin. 

a)  Pioglitazone Controlled Study 009.  
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b)  Metformin Controlled Study 008.   
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c)  Sulfonylurea Controlled Study 007. 
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d)  Insulin Controlled Study 011. 
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Figure 63. HBA1c Reduction from Baseline is not Dependent on Alogliptin Concentrations  in 
Studies 007, 008, 009, 010, and 011.  Green and Red Dots Indicate Low (12.5 mg) and High (25 mg) 
Dose Groups of Alogliptin. Purple Dots Indicate Placebo Group. 

a)  Pioglitazone Controlled Study 009.  
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b)  Metformin Controlled Study 008.   
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c)  Sulfonylurea Controlled Study 007. 
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d)  Insulin Controlled Study 011. 

-3

-2

-1

0

1

2

0 50 100 150 200

•

•

•

•
•
•

•

••

•

•

•
•
•

••

•

•
•

•

•

••

•

•

•
•
•

•

•

••

•

•
••

•

•

•

•

•

•

••••
•

•
••

•

•

•
•

••

••

•

•
•

•

•

•

•

•
•
•

•
•

•
•

•

•
•

•

•

•

•
••

•

••

•

•
•••
•
•
•

•

•

•
•

•

•
•

•

•

•

•
•
•

•
•
•

•

•
•
•

•

••

•
••

•

•

•
•
•

••

•

•
•
• •

•

•

•

•

•

•
••

•
•

••
•••••
••••••
•••
••••••••••••••
••••
•••••••••••
•••••••
•
•

•

Concentration, ng/mL

H
B

A
1c

 C
ha

ng
e 

Fr
om

 B
as

el
in

e

 
 



Page 157 of 156 

8 APPENDIX C: Table of Patients With Cardiac Events 

Study  
Treatment, 

mg 
Subject 

ID 
Cardiac Serious Treatment-

Emergent Adverse Event 

Alogliptin  
Trough 

Concentration 

Predicted 
Cmax 

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 35.4 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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