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F = 1 alogliptin 12.5 mg tablet administered with 1 metformin 500 mg tablet (reference treatment). 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is reported as median (minimum, maximum). 
(c) N=43 for Treatment E and N=39 for Treatment F. 

Table 4 Pharmacokinetic Parameters of Alogliptin 12.5 mg and Metformin 1000 mg after 
Administration as Individual Tablets and as a Combination Tablet 

 
G = 1 SYR-322MET FDC (12.5 mg + 1000 mg) tablet (test treatment). 
H = 1 alogliptin 12.5 mg tablet administered with 1 metformin 1000 mg tablet (reference treatment). 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is reported as median (minimum, maximum). 
(c) N=35 for Treatment G and N=40 for Treatment H. 

Food Effect (MET-102): 

As shown in Table 5, food did not affect total exposure (as AUC(0-last) and AUC(0-inf)) to 
either alogliptin or metformin when administered as the highest proposed dosage strength (12.5 
mg + 1000 mg) of the commercial formulation of SYR-322MET (MET-102). Food also did not 
have any clinically meaningful effect on peak exposure to alogliptin (a 13% decrease was 
observed, but the lower bound of the 90% CI of the LS mean for Cmax was only slightly below 
80% [79.90%]) nor did it have a statistically significant effect (P=0.263) on Tmax of alogliptin 
when it was administered as SYR-322MET; however, compared with administration of SYR-
322MET without food, peak exposure to metformin decreased 28% and Tmax of metformin was 
delayed by 1.5 hours when SYR-322MET was administered with food. The 90% CI for the ratio 
of the LS mean for Cmax of metformin that was associated with this decrease in peak exposure 
was below the 80% to 125% range (66.53%, 77.15%), and the change in Tmax was statistically 
significant (P<0.001). 
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Table 5 Plasma Pharmacokinetic Parameters of Alogliptin and Metformin Following 
Administration of an SYR-322MET 12.5 mg + 1000 mg Tablet under Fed and Fasted 
Conditions 

 
N/A=not applicable, T=test treatment, R=reference treatment. 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is presented as the median. 
(c) p=0.263. 
(d) p<0.001. 

The results for alogliptin are consistent with the results of food-effect studies with alogliptin 
monotherapy tablets (single doses of 12.5 to 100 mg) wherein food had no effect on exposure of 
alogliptin (alogliptin NDA 22-271, Study 322-026). The labeling for metformin states that peak 
and total exposure decreased 40% and 25%, respectively, and Tmax was delayed 35 minutes 
when a single 850 mg dose of metformin HCl was administered with food. Although food 
appears to decrease and delay absorption of metformin, the prescribing information for 
metformin recommends that metformin be dosed with food to reduce gastrointestinal side-
effects. Therefore, alogliptin and metformin were dosed with food in the pivotal phase 3 study 
(MET-302), and it will be recommended that SYR-322MET be administered with food. 

Dosing Regimen (322-101): 

QD doses of alogliptin were used in the pivotal monotherapy studies (NDA 22-271); the 
prescribing information for metformin recommends that metformin be administered in divided 
doses. Therefore, SYR-322MET was developed for BID dosing and Study 322-101 was 
conducted to evaluate the pharmacokinetics and pharmacodynamics of alogliptin when dosed 
BID compared with QD dosing. Both daily exposure (AUC(0-24)) of alogliptin and DPP-4 
inhibition (as AUEC(0-24), E0, and E24) were similar when alogliptin was dosed BID and QD. 
In addition, in the phase 3 study MET-302, alogliptin 12.5 mg BID dosing demonstrated similar 
reductions in HbA1c compared to alogliptin 25 mg QD (see Statistics review dated 7/17/2012 in 
DARRTS for details), thus supporting the rationale for BID dosing. Based on these results, 
alogliptin and metformin were administered BID in the phase 3 study (MET-302), and BID 
dosing is acceptable for SYR-322MET. 

Study 322-005 was reviewed in NDA 22-271, no clinical significant drug-drug interaction was 
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and QD. In addition, in the phase 3 study MET-302, alogliptin 12.5 mg BID dosing 
demonstrated similar reductions in HbA1c compared to alogliptin 25 mg QD, thus supporting the 
rationale for BID dosing (see Statistics review dated 7/17/2012 in DARRTS for details). Based 
on these results, alogliptin and metformin were administered BID in the phase 3 study 
(MET_302), and BID dosing is acceptable for SYR-322MET. 

2.3 INTRINSIC/EXTRINSIC FACTORS 

The detailed intrinsic/extrinsic factors information of alogliptin can be founded in NDA 22-271 
which was reviewed separately (Clinical Pharmacology review dated 1/18/2012 and 3/7/2012 in 
DARRTS). Metformin intrinsic/extrinsic factors information can be found in the prescribing 
information. 

2.4 ANALYTICAL SECTION 

2.4.1 Are the analytical methods appropriately validated? 

At the request of the Division of Metabolism and Endocrinology Products (DMEP), the Division 
of Bioequivalence and GLP Compliance (DBGC) conducted inspections of the clinical and 
analytical portions of study SYR-322MET_101. Following the inspections, DBGC reviewers 
recommend that the data from clinical and analytical portions of study SYR- 322MET_101 can 
be accepted for further agency review. 

Bioanalytical Method for Alogliptin and M-I in Human Plasma (Method LCMS 307.4 version 
1.00, 1.01, 1.02, 1.03, and 1.04) 

A liquid chromatography with tandem mass spectrometry (LC/MS/MS) method (LCMS307.4 
v1.00 method) for the quantification of alogliptin and its metabolite M-I (N-desmethyl 
alogliptin) in human K3EDTA plasma was validated  The 
QC statistics for the Method LCMS307.4 v1.00 validation are presented in Table 7.  

Table 7 QC Statistics for Method LCMS307.4 v1.00 

 
(a) Expressed as % difference relative to theoretical concentrations. 

The validation report was amended to include long-term frozen storage stability data 
(LCMS307.4 addendum 1). The method was further modified to truncate the standard curve 
range to an LLOQ of 1.00 ng/mL and 0.100 ng/mL for alogliptin and M-I, respectively; and an 
upper limit of quantitation (ULOQ) of 250 ng/mL and 25.0 ng/mL for alogliptin and M-I, 
respectively. The matrix additive was also changed to dipotassium EDTA (LCMS307.4 v1.04 
method). This method was used to support Studies 322MET_101, 322MET_102 and 322_101. 
The revalidation data are located in Addendum 2 (LCMS307.4 addendum 2). 

The QC statistics for the Method LCMS307.4 v1.04 validation are presented in Table 8. 
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Table 8 QC Statistics for Method LCMS307.4 v1.04 

 
(a) Expressed as % difference relative to theoretical concentrations. 
 

Bioanalytical Method for Alogliptin and M-I in Human Urine (Method LCMS 307.6 version 
1.00, 1.01, and 1.02) 

An LC/MS/MS method (LCMS307.6 v1.00 method) for the quantification of alogliptin and its 
metabolite M-I in human urine was validated  The QC statistics for the LCMS307.6 
v1.00 validation are presented in Table 9. 

Table 9 QC Statistics for Method LCMS307.6 v1.00 

 
(a) Expressed as % difference relative to theoretical concentrations. 
 

Bioanalytical Method for Metformin in Human Plasma (Method LCMS 153 V 1.00) 

An LC/MS/MS method (Method LCMS 153.5 V 1.00) for the quantification of metformin in 
human K2EDTA plasma was validated  The QC statistics for the LCMS153.5 
validation are presented in Table 10. 

Table 10 QC Statistics for Method LCMS 153.5 V 1.00 

 
(a) Expressed as % difference relative to theoretical concentrations. 
 

A partial validation was conducted  to support the use of heparin as the anticoagulant 
(LCMS 153). This method, LCMS 153 V 1.00, was used to support Studies 322MET_101 and 
322MET_102. The QC statistics for the LCMS153 validation are presented in Table 11. 

Table 11 QC Statistics for Method LCMS 153 V 1.00 

 
(a) Expressed as % difference relative to theoretical concentrations. 
 

3 DETAILED LABELING RECOMMENDATIONS 

A decision on the approval for NDA 22-271 for alogliptin is pending at the time of this review. 
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Thus, no detailed labeling discussion will be included in this review for the FDC. A separate 
memo will be drafted once a final decision for NDA 22-271 is reached.    

4 APPENDICES 

4.1 INDIVIDUAL STUDY REVIEW 

4.1.1 SYR-322MET_101: An Open-Label, Randomized, 2-Cohort, 4-Sequence, 4-Period 
Crossover Study to Determine the Bioequivalence of Alogliptin 6.25 mg and 12.5 mg 
and Metformin 500 mg and 1000 mg When Administered as Individual Tablets and 
as a Fixed-Dose Combination Tablet 

Objectives: 

Primary Objective: The primary objective of this study was to determine the bioequivalence of 
alogliptin and immediate-release metformin when administered as individual tablets and as an 
FDC product. 

The following 4 doses of the FDC product will be evaluated: 

• Alogliptin 6.25 mg + metformin 500 mg. 
• Alogliptin 6.25 mg + metformin 1000 mg. 
• Alogliptin 12.5 mg + metformin 500 mg. 
• Alogliptin 12.5 mg + metformin 1000 mg. 

Secondary Objective: The secondary objective of this study was to evaluate the safety and 
tolerability of alogliptin and metformin when administered as individual tablets and as an FDC 
product. 

Study design: 

This was a single-center, open-label, randomized, 2-cohort, 4-sequence, 4-period crossover 
study. A schematic of study design is shown in Figure 2.  

Ninety-six healthy male or female subjects, aged 18 to 55, inclusive, were planned for 
enrollment. Subjects were randomized in the order in which they are enrolled into the study. The 
first 48 eligible subjects were assigned to Cohort 1. Once Cohort 1 was completely enrolled, the 
following eligible 48 subjects were assigned to Cohort 2. Within each Cohort, subjects were 
equally randomized to 1 of 4 treatment sequences in a 1:1:1:1 ratio. A washout interval of 7 days 
(beginning immediately after dosing on Day 1 of Periods 1-3) separated the doses of each study 
period, which is >5 half-lives of alogliptin or metformin. 

 

 

Figure 2 Schematic of Study Design 
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A = 1 SYR-322MET FDC (6.25 mg + 500 mg) tablet (test treatment). 
B = 1 alogliptin 6.25 mg tablet administered with 1 metformin 500 mg tablet (reference treatment). 
C = 1 SYR-322MET FDC (6.25 mg + 1000 mg) tablet (test treatment). 
D = 1 alogliptin 6.25 mg tablet administered with 1 metformin 1000 mg tablet (reference treatment). 
E = 1 SYR-322MET FDC (12.5 mg + 500 mg) tablet (test treatment). 
F = 1 alogliptin 12.5 mg tablet administered with 1 metformin 500 mg tablet (reference treatment). 
G = 1 SYR-322MET FDC (12.5 mg + 1000 mg) tablet (test treatment). 
H = 1 alogliptin 12.5 mg tablet administered with 1 metformin 1000 mg tablet (reference treatment). 
WO = washout. 
(a) Subjects were admitted to the clinic on Day -1 of Treatment Period 1 only and Day 7 for Periods 1-3 
and were discharged from the clinic on Day 4 after the completion of all scheduled procedures. 

PK evaluations:  

PK blood samples (3 mL for alogliptin and 4 mL for metformin) were collected starting on Day 
1 within 15 minutes prior to dose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, and 72 
hours post dose during each period. 

Disposition of Subjects 

In Cohort 1, 45 subjects completed the study and 3 subjects prematurely discontinued study drug 
(1 for an adverse event and 2 due to “other” reasons). The disposition of subjects by sequence 
group is shown in Figure 3 for Cohort 1. 

 

 

 

 

Figure 3 Disposition of Subjects: Cohort 1 
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Figure 7 Mean Plasma Concentrations of Alogliptin and Metformin vs Time Following Administration of an SYR-322MET 
12.5 mg + 500 mg Tablet and Individual Alogliptin 12.5 mg and Metformin HCl 500 mg Tablets 
 

Alogliptin        Metformin 

  
E = 1 SYR-322MET FDC (12.5 mg + 500 mg) tablet (test treatment). 
F = 1 alogliptin 12.5 mg tablet administered with 1 metformin 500 mg tablet (reference treatment). 
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Table 14 Pharmacokinetic Parameters of Alogliptin 12.5 mg and Metformin 500 mg after 
Administration as Individual Tablets and as Combination Tablets 

 
%CV=percent coefficient of variation. 
E = 1 SYR-322MET FDC (12.5 mg + 500 mg) tablet (test treatment). 
F = 1 alogliptin 12.5 mg tablet administered with 1 metformin 500 mg tablet (reference treatment). 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is reported as median (minimum, maximum). 
(c) N=43 for Treatment E and N=39 for Treatment F. 
 

The 90% CIs for the ratios of the LS means for the AUC(0-last), AUC(0-inf), and Cmax values 
of both alogliptin and metformin were within the 80% to 125% bioequivalence range. Therefore, 
the SYR-322MET 12.5 mg + 500 mg tablet met the standards for bioequivalence to the 
individual alogliptin 12.5 mg and metformin 500 mg tablets. 

No statistically significant differences in the median Tmax values for either alogliptin or 
metformin were observed between the SYR-322MET 12.5 mg + 500 mg tablet and the 
individual alogliptin 12.5 mg and metformin 500 mg tablets. 

Mean plasma concentrations of alogliptin and metformin following administration of an SYR-
322MET 12.5 mg + 1000 mg tablet and individual alogliptin 12.5 mg and metformin HCl 1000 
mg tablets are presented in Figure 8. Plasma pharmacokinetic parameters of alogliptin and 
metformin following administration of an SYR-322MET 12.5 mg + 1000 mg tablet and 
individual alogliptin 12.5 mg and metformin 1000 mg HCl tablets are presented in Table 15. 
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Figure 8 Mean Plasma Concentrations of Alogliptin and Metformin vs Time Following Administration of an SYR-322MET 
12.5 mg + 1000 mg Tablet and Individual Alogliptin 12.5 mg and Metformin HCl 1000 mg Tablets 

Alogliptin        Metformin 
 

  
 
G = 1 SYR-322MET FDC (12.5 mg + 1000 mg) tablet (test treatment). 
H = 1 alogliptin 12.5 mg tablet administered with 1 metformin 1000 mg tablet (reference treatment).
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Table 15 Pharmacokinetic Parameters of Alogliptin 12.5 mg and Metformin 1000 mg after 
Administration as Individual Tablets and as a Combination Tablet 

 
G = 1 SYR-322MET FDC (12.5 mg + 1000 mg) tablet (test treatment). 
H = 1 alogliptin 12.5 mg tablet administered with 1 metformin 1000 mg tablet (reference treatment). 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is reported as median (minimum, maximum). 
(c) N=35 for Treatment G and N=40 for Treatment H. 
 

The 90% CIs for the ratios of the LS means for the AUC(0-last), AUC(0-inf), and Cmax values 
of both alogliptin and metformin were within the 80% to 125% bioequivalence range. Therefore, 
the SYR-322MET 12.5 mg + 1000 mg tablet met the standards for bioequivalence to the 
individual alogliptin 12.5 mg and metformin HCl 1000 mg tablets. 

No statistically significant differences in the median Tmax values for either alogliptin or 
metformin were observed between the SYR-322MET 12.5 mg + 1000 mg tablet and the 
individual alogliptin 12.5 mg and metformin HCl 1000 mg tablets. 

4.1.2 SYR-322MET_102: A Phase 1, Open-Label, Randomized, Crossover Study to 
Determine the Effects of Food on the Pharmacokinetics of a Fixed-Dose 
Combination of SYR-322 and Metformin Hydrochloride in Healthy Adult Subjects 

Objectives: 

The primary objective of this study was to determine the effect of food on the pharmacokinetics 
of a single oral dose of SYR-322MET FDC tablet in healthy adult subjects. 

Study design: 

This was a phase 1, open label, randomized, single site, 2-period crossover study. A schematic of 
the study design is displayed in Figure 9.  
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Twenty-four healthy male and female subjects aged 18 to 55 years, inclusive, were planned for 
enrollment. Subjects were assigned randomly to 1 of 2 treatment sequences (12 subjects per 
sequence). The study consisted of Screening (Day -28 to Day -2), Check-in (Day -1), and 2 
crossover periods during which subjects received a single dose of SYR-322MET 12.5 mg + 1000 
mg in the fasted state (reference treatment) or a single dose of SYR-322MET 12.5 mg + 1000 
mg in the fed state (test treatment). There was a washout interval of at least 7 days between 
periods and a pharmacokinetic evaluation of 72 hours following dosing in each period. 

For all subjects on Day -1 of each period, a standardized dinner and snack were served. All 
subjects were then required to fast from approximately 2200 hours on Day -1 of each period until 
the scheduled breakfast on Day 1 (fed regimen) or until lunch (fasted regimen). Subjects in the 
fed regimen received study drug immediately after completing the standard high-fat breakfast on 
Day 1. The standard high-fat breakfast consisted of 2 eggs fried in 2 teaspoons butter, 2 strips of 
bacon, 2 slices white toast with 2 teaspoons butter, 4 ounces of hash brown potatoes cooked with 
2 teaspoons butter, and 8 fluid ounces of whole milk. Lunch was served approximately 4 hours 
postdose, dinner was served approximately 9 hours postdose, and a snack was served 
approximately 13 hours postdose. Water was allowed as desired except from 1 hour before 
through 1 hour after study drug administration. Only 240 mL of water was allowed during 
dosing. 

Figure 9 Schematic of Study Design 

 
Regimen A=SYR-322MET 12.5 mg + 1000 mg under fasted conditions (reference treatment). 
Regimen B=SYR-322MET 12.5 mg + 1000 mg after a high-fat meal (test treatment). 
 

PK evaluations:  

Alogliptin and metformin pharmacokinetic blood samples were collected at 0-hour predose (no 
earlier than 30 minutes predose) and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48, 60, and 
72 hours postdose of both periods. 

The following pharmacokinetic parameters were calculated using noncompartmental methods: 

AUC(0-last)  Area under the serum concentration-time curve from 0 to the last quantifiable 
concentration calculated using the linear trapezoidal rule. 

AUC(0-inf)   Area under the plasma concentration-time curve from 0 to infinity calculated as 
AUC(0-inf)=AUC(0-last) + lqc/λz, where tlast is the time of last quantifiable 
concentration and lqc is the last quantifiable concentration. 

Cmax             Maximum observed plasma concentration. 

Tmax             Time of the maximum plasma concentration. 
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λz                   Elimination rate constant, where λz is the negative of the slope of the linear 
regression of the natural logarithm concentration versus time profile during the 
terminal phase. 

T1/2               The terminal elimination half-life, where T1/2=ln(2)/ λz. 

CL/F              Apparent oral clearance, where CL/F=Dose/AUC(0-inf). 

Vz/F              Apparent volume of distribution, calculated as Vz/F = (CL/F)/λz. 

Study results: 

All 24 subjects who completed at least 1 treatment and had no major protocol deviation were 
included in the pharmacokinetic and statistical analyses. No subject was excluded from the 
pharmacokinetic analysis. 

Mean plasma concentrations of alogliptin and metformin following administration of an SYR-
322MET 12.5 mg + 1000 mg tablet under fed and fasted conditions are presented in Figure 10. 
Plasma pharmacokinetic parameters of alogliptin and metformin following administration of an 
SYR-322MET 12.5 mg + 1000 mg tablet under fed and fasted conditions are presented in Table 
16. 
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Figure 10 Mean Plasma Concentrations of Alogliptin and Metformin vs Time Following Administration of an SYR-322MET 
12.5 mg + 1000 mg Tablet under Fed and Fasted Conditions 

Alogliptin        Metformin 

               
 
Test Treatment=SYR-322MET 12.5 mg + 1000 mg tablet under fed conditions. 
Reference Treatment=SYR-322MET 12.5 mg + 1000 mg tablet under fasted conditions.
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Table 16 Plasma Pharmacokinetic Parameters of Alogliptin and Metformin Following 
Administration of an SYR-322MET 12.5 mg + 1000 mg Tablet under Fed and Fasted 
Conditions 

 
N/A=not applicable, T=test treatment, R=reference treatment. 
AUC(0-tlqc): AUC from time 0 to last quantifiable concentration, or AUC(0-last). 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is presented as the median. 
(c) p=0.263. 
(d) p<0.001. 
 

The 90% CIs for the ratios of the LS means for the AUC(0-last) and AUC(0-inf) values of 
alogliptin and metformin were within the 80% to 125% range following administration of an 
SYR-322MET 12.5 mg + 1000 mg tablet under fed and fasted conditions. The Cmax of 
alogliptin was 13% lower under fed conditions, and the lower bound of the 90% CI for the ratio 
of the LS mean for the Cmax of alogliptin was slightly below 80%. The Cmax of metformin was 
approximately 28% lower under fed conditions than under fasting conditions, and the 90% CI of 
the ratio of the LS mean for the Cmax of metformin was below the 80% to 120% range. 

No statistically significant difference in the median Tmax for alogliptin was observed between 
fed and fasted administration of an SYR-322MET 12.5 mg + 1000 mg tablet; however, the 
median Tmax for metformin was 1.5 hours longer under fed conditions than under fasted 
conditions, and this difference in the Tmax of metformin was statistically significant (p<0.001). 

These results are consistent with the alogliptin food effect study (NDA 22-271), which showed 
that administration of alogliptin with food had no effect on the total or peak exposure of 
alogliptin. The food effect observed for metformin is consistent with what has been reported for 
metformin. According to the prescribing information, food decreases the extent of and slightly 
delays the absorption of metformin, as shown by approximately a 40% lower Cmax, a 25% 
lower AUC, and a 35-minute prolongation of Tmax following administration of a single 
metformin 850 mg tablet with food. 
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4.1.3 SYR-322_101: An Open-Label, Multiple-Dose, Randomized, Crossover Study to 
Determine the Pharmacokinetics and Pharmacodynamics of SYR-322 Twice Daily 
versus Once-Daily Dosing in Healthy Male and Female Subjects 

Objectives: 

Primary: 
The primary objective of this study was to evaluate the pharmacokinetic profile of 12.5 mg twice 
daily (BID) vs 25 mg once-daily (QD) dosing of alogliptin. 

Secondary: 
The secondary objective of this study was to assess the pharmacodynamic effect (dipeptidyl 
peptidase-4 [DPP-4] inhibition), safety, and tolerability of BID vs QD dosing of alogliptin. 

Study design: 

This was a phase 1, single-center, open-label, randomized, 2-period crossover study to evaluate 
multiple-dose pharmacokinetics and pharmacodynamic effects of alogliptin following 12.5 mg 
BID and 25 mg QD dosing of alogliptin for 7 days. 

Subjects were assigned randomly to 1 of 2 sequences (14 subjects per sequence) and received 
multiple oral doses of alogliptin 25 mg QD and multiple oral doses of alogliptin 12.5 mg BID 
(every 12 hours) for a total of 7 dosing days per treatment period. A washout interval of 7 days 
(beginning immediately after dosing on Day 7) separated the 2 treatment periods. A schematic of 
the study design is included as Figure 11. 

Figure 11 Schematic of Study Design 

 
(a) Samples for pharmacokinetic analyses were collected on Days 1 and 5 to 7. 
(b) Subjects were randomized immediately prior to dosing on Day 1. 
A=alogliptin 25 mg QD=reference treatment. 
B=alogliptin 12.5 mg BID=test treatment. 
 

Subjects were required to fast overnight (at least 8 hours) prior to the daily morning dose 
beginning on the evening of Day -1 of each Treatment Period and for 1 hour following dosing. 
Subjects randomized to the BID dosing regimen were required to fast for 2 hours prior to the 
evening dose and for 1 hour following the evening dose. Subjects were given a standardized light 
breakfast approximately 1 hour following the morning dose each day. The BID evening dose was 
administered approximately 12 hours following the morning dose. All subjects were given an 
optional evening snack approximately 1 hour following the evening BID dose. 
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PK evaluations:  

Blood samples for plasma alogliptin assays and DPP-4 inhibition were collected according to the 
schedule in Table 17 and Table 18. 

Table 17 Pharmacokinetic Blood Sampling Schedule for Alogliptin 

 
 

Table 18 Pharmacodynamic Blood Sampling Schedule for Alogliptin 

 
 

The following pharmacokinetic parameters were derived from plasma concentration-time 
profiles for all evaluable subjects: 

AUC(0-tau) Area under the plasma concentration-time curve (AUC) from time 0 to time tau, 
calculated by the linear trapezoidal method; where time 0 is 0 (AM) and time tau 
is 24 (PM) for alogliptin QD, and time 0 is both 0 (AM) and 12 (PM) and time tau 
is both 12 (AM) and 24 (PM) for alogliptin BID. 

AUC(0-24)  AUC from time 0 to 24 hours, calculated by the linear trapezoidal method. 
Cmax  Maximum observed plasma concentration. 
Tmax   Time to reach Cmax. 
Ctrough  Observed predose (trough) plasma concentration. 
Cmin   Minimum observed plasma concentration on Day 7. 
Swing (%)  The percent swing defined as 100 × ([Cmax – Cmin]/Cmin). 
Fluctuation  The percent fluctuation defined as 100 × ([Cmax – Cmin]/Cavg). 
Cavg  Average plasma concentration during dosing interval, calculated as AUC/(0-

tau)/tau. 

The AUC(0-24) was defined as AUC(0-12) + AUC(12-24) for alogliptin BID, and AUC(0-24) 
for alogliptin QD. 

Pharmacodynamic effects were measured by DPP-4 inhibition. The following parameters were 
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calculated: 

AUEC(0-24) Area under the pharmacodynamic effect curve from time 0 to 24 hours. 
AUEC(0-tau) Area under the pharmacodynamic effect curve from time 0 to time tau, where 

tau=12 for BID or tau=24 for QD. 
Emax  Maximum observed pharmacodynamic effect. 
Tmax  Time to reach Emax. 
E0  Observed effect at time 0 for BID and QD dosing regimens. 
E12  Observed effect at 12 hours postdose for BID dosing regimen. 
E24  Observed effect at 24 hours postdose for BID and QD dosing regimens. 

The disposition of subjects is shown in Figure 12. 

Figure 12 Disposition of Subjects 

 
Treatment A=alogliptin 25 mg QD=reference treatment, Treatment B=alogliptin 12.5 mg BID=test 
treatment. 
(a) Reasons for screen failure were failure to meet entrance criteria (42 subjects), “other” (11 subjects), 
and voluntary withdrawal (10 subjects). 
(b) Reason for discontinuation was adverse event (1 subject). 
(c) Reasons for discontinuation were voluntary withdrawal (1 subject) and “other” (2 subjects). 
 

Study results: 

Mean plasma concentrations of alogliptin following administration of alogliptin 12.5 mg BID 
and 25 mg QD for 7 days are presented in Figure 13. Plasma and urine pharmacokinetic 
parameters of alogliptin following administration of alogliptin 12.5 mg BID and 25 mg QD for 7 
days are presented in Table 19. 

 

 

 

Figure 13 Mean Plasma Concentrations of Alogliptin vs Time Following Administration of 
Alogliptin 12.5 mg BID and 25 mg QD for 7 Days 
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Table 19 Plasma and Urine Pharmacokinetic Parameters of Alogliptin Following 
Administration of Alogliptin 12.5 mg BID and 25 mg QD for 7 Days 

 
%CV=percent coefficient of variation, AUC(0-12)=area under the plasma concentration-time curve from 
0 to 12 hours, AUC(12-24)=area under the plasma concentration-time curve from 12 to 24 hours, 
N/A=not applicable, T=test treatment, R=reference treatment. 
(a) Ratios and CIs are presented as percentages. 
(b) Ratio (T/R) is the ratio of AUC(12-24) to AUC(0-12). 
(c) Cmax and Tmax were estimated for the morning BID dose only. 
(d) Tmax is presented as the median (minimum, maximum). 
(e) p=0.905. 
 

The 90% CI for the ratio of the LS means for the area under the plasma concentration-time curve 
from 0 to 24 hours (AUC(0-24)) was within the 80% to 125% range; therefore, total exposure to 
alogliptin from 0 to 24 hours was similar with BID and QD dosing. The 90% CIs for the ratio of 
the LS mean for the Cmax was not within the 80% to 125% range; however, this is expected for 
a drug with linear pharmacokinetics. No difference in the median Tmax values was observed 
between the 25 mg QD dose and the morning 12.5 mg BID dose. Renal clearance was similar 
with BID and QD dosing. 
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Mean DPP-4 inhibition following administration of alogliptin 12.5 mg BID and 25 mg QD for 7 
days are shown in Figure 14 and Table 20. 

Figure 14 Mean DPP-4 Inhibition vs Time Following Administration of Alogliptin 12.5 mg 
BID and 25 mg QD for 7 Days 

 
Table 20 Plasma Pharmacodynamic Parameters of Alogliptin (DPP-4 Inhibition) Following 
Administration of Alogliptin 12.5 mg BID and 25 mg QD for 7 Days 

 
AUEC(0-24)=area under the international normalized ratio effect-time curve from 0 to 24 hours postdose, 
E0=effect observed after dosing, E24=effect observed at 24 hours after dosing, Emax=maximum drug-
induced. 
(a) Ratios and CIs are presented as percentages. 
(b) Tmax is presented as the median (minimum, maximum). 
 

The 90% CIs for the ratios of the LS means for AUEC(0-24), E0, and E24 were within the 80% 
to 125% range; therefore, DPP-4 inhibition was similar with BID and QD dosing. Peak 
inhibition (Emax) was also similar with BID and QD dosing. Inhibition at 24 hours postdose 
(E24) was ≥80% with both BID and QD dosing. 

No difference in the median Tmax values for DPP-4 inhibition was observed between the 
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morning 12.5 mg BID dose and the 25 mg QD dose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 CLINICAL PHARMACOLOGY FILING MEMO 
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