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STATISTICS FILING CHECKLIST FOR A NEW NDA/BLA 
 

Today’s date:  8/8/11 
NDA Number: 022271/0, 
022426/0 

Applicant: Takeda Stamp Date: 7/25/11 

Drug Name: Alogliptin NDA/BLA Type: standard review 

 

PDUFA goal date:  1/25/12 

Filing Date:   

 
The purpose of these two NDA submissions is to provide a response to the Division’s complete 
response from the review of the initial NDA submission for both alogliptin (NDA 022271) and 
alogliptin + pioglitazone fixed dose combination (NDA 022426).  There is only one Phase 3 
study, reported in both NDAs, that has not received a statistical review.  This is Study OPI-004.  
The other Phase 3 studies were reviewed from the original submissions in 2008.  The filing 
review focuses on Study OPI-004.   
 
On initial overview of the NDA/BLA application for RTF: 
  

 Content Parameter Study OPI-
004 

1 Index is sufficient to locate necessary reports, tables, data, etc.  
2 ISS, ISE, and complete study reports are available (including original protocols, 

subsequent amendments, etc.) 
 note 1 

3 Safety and efficacy were investigated for gender, racial, and geriatric subgroups 
investigated (if applicable). 

  

4 Data sets in EDR are accessible and do they conform to applicable guidances (e.g., 
existence of define.pdf file for data sets). 

 

 
Note 1:  No ISE was included.  This is okay.   
 
IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE? __Yes______ 
 
Requests for 74-day letter:  No requests 
 
 
 
Content Parameter (possible review concerns for 74-day letter) Study OPI-

004 
Designs utilized are appropriate for the indications requested.  
Endpoints and methods of analysis are specified in the protocols/statistical analysis plans.  
Interim analyses (if present) were pre-specified in the protocol and appropriate 
adjustments in significance level made.  DSMB meeting minutes and data are available. 

N/A 

Appropriate references for novel statistical methodology (if present) are included. N/A 

Safety data organized to permit analyses across clinical trials in the NDA/BLA.  
Investigation of effect of dropouts on statistical analyses as described by applicant 
appears adequate. 
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STATISTICS FILING CHECKLIST FOR A NEW NDA/BLA 
 

Phase 3 studies described in Part 14 of either one or both of the proposed labels for alogliptin and 
alogliptin + pioglitazone FDC:   
 

Study 
number 

Brief description Status with respect to 
statistical review 

010 Monotherapy (placebo-controlled); 26 weeks; 329 
subjects, randomized to 3 arms:  (1) alogliptin 12.5 mg; 
(2) alogliptin 25 mg; or (3) placebo 

Reviewed under 
NDA 022271/0 

OPI-002 Monotherapy (combination study, no placebo control); 
26 weeks; 655 subjects, randomized to 4 arms:  (1) 
alogliptin 25 mg; (2) pioglitazone; (3) alogliptin 12.5 mg 
+ pioglitazone 30 mg; (4) alogliptin 25 mg + pio 30 mg 

Reviewed under 
NDA 022426/0 

008 Add-on combination therapy to metformin; 26 weeks; 
527 subjects, randomized to 3 arms with background 
therapy of metformin; (1) alogliptin 12.5 mg; (2) 
alogliptin 25 mg; (3) placebo. 

Reviewed under 
NDA 022271/0 

OPI-001 Combination study with background therapy of 
metformin; 26 weeks; 1554 subjects, randomized to 12 
arms:  (1) placebo; (2) alogliptin 12.5 mg; (3) alo 25 mg; 
(4) pioglitazone 15 mg; (5) pio 30 mg; (6) pio 45 mg; (7) 
alo 12.5 mg + pio 15 mg; (8) alo 12.5 mg + pio 30 mg; 
(9) alo 12.5 mg + pio 45 mg; (10) alo 25 mg + pio 15 mg; 
(11) alo 25 mg + pio 30 mg; (12) alo 25 mg + pio 45 mg.   

Reviewed under 
NDA 022426/0 

009 Add-on combination therapy to a thiazolidinedione 
(TZD) alone or in combination with metformin or a 
sulfonylurea; 26 weeks; 493 subjects, randomized to 3 
arms: (1) placebo; (2) alogliptin 12.5 mg; (3) alo 25 mg.  
The TZD used was pioglitazone during the study (mean 
dose of 35 mg).     

Reviewed under 
NDA 022271/0 and 
covered again in 
NDA 022426/0.   

OPI-004 Add-on combination therapy with pioglitazone and 
metformin; 52 weeks; 803 subjects, background therapy 
of pioglitazone 30 mg and metformin; randomized to 2 
arms; (1) alogliptin 25 mg; (2) titration of pioglitazone 30 
mg to 45 mg.   

This study has not yet 
received a statistical 
review.   

007 Add-on therapy to a sulfonylurea (SU); 26 weeks; 500 
subjects randomized to 3 arms; (1) placebo; (2) alogliptin 
12.5 mg; (3) alogliptin 25 mg.  During the treatment 
period, the SU (glyburide) was maintained at a stable 
dose, mean dose of 12 mg.   

Reviewed under 
NDA 022271/0 

011 Add-on therapy to insulin; 26 weeks; 390 subjects, 
background therapy either insulin or insulin + metformin; 
randomized to 3 arms; (1) placebo; (2) alogliptin 12.5 
mg; (3) alogliptin 25 mg.   

Reviewed under 
NDA 022271/0 
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1. EXECUTIVE SUMMARY 
 
1.1 Conclusions and Recommendations 
 
Efficacy Conclusions:  Based on an evaluation of the two Phase 3 studies, I conclude that the 
combination product of alogliptin + pioglitazone had superior efficacy compared to either 
alogliptin alone or pioglitazone alone, at the dose levels tested (alogliptin 12.5 mg and 25 mg; 
pioglitazone 15, 30 and 45 mg).   In the two combination studies, alogliptin + pioglitazone had a 
statistically significantly greater effect on the average reduction in HbA1c at week 26 from 
baseline, compared to either alogliptin alone or pioglitazone alone.  The contribution of 
alogliptin in the combination product was an additional average reduction of HbA1c of 
approximately 0.5 percent units compared to pioglitazone alone.  The contribution of the two 
doses of alogliptin, 12.5 and 25 mg, was fairly similar.  The combination studies were not 
powered or intended to quantify the difference between doses.    
 
The effect of alogliptin from the combination studies was similar to the effect estimated from 
five Phase 3 studies reviewed under NDA 022271/0.  The applicant submitted results from these 
studies to NDA 022271/0 to support an indication for alogliptin as monotherapy or as add-on 
therapy.  One study, conducted with pioglitazone as background therapy, was submitted to both 
NDA 022271/0 and NDA 022426/0.  At the time of this review, the action on NDA 022271/0 
was a complete response from the Division in a letter dated June 26, 2009.    
 
In the combination studies, the alogliptin component was not associated with a statistically 
significant average change in body weight at week 26 compared to baseline.  In contrast, the 
pioglitazone component was associated with a statistically significant average weight gain at 
week 26, ranging from 1.3 kg to 3.4 kg between the two studies and across the dose arms.  The 
findings for body weight in the combination studies are consistent with the results from the 
Phase 3 studies reviewed in NDA 022271/0.   In these studies, the large majority of patients 
treated with alogliptin, 84% to 94%, stayed within ± 5% of their baseline body weight at week 
26.   
 
Results for fasting plasma glucose at week 26 also supported the efficacy of the combination 
product in comparison to either alogliptin alone or pioglitazone alone.  Subgroups defined by 
gender, race, ethnicity and age (< 65 and ≥ 65 years) were fairly similar with respect to the effect 
of alogliptin in the combination product.   
 
Safety Conclusions:   The evaluation of cardiovascular risk associated with alogliptin is the 
focus of ongoing review by the Division.  The evaluation of safety is included in the clinical 
review by Dr. Valerie Pratt.   
 
Recommendations:  There are no additional recommendations. 
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1.2 Brief Overview of Clinical Studies 

 
The clinical development of alogliptin includes efficacy studies of alogliptin monotherapy, add-
on therapy with other common oral anti-diabetic drugs (sulfonylurea, metformin or pioglitazone) 
or insulin, and combination studies of alogliptin + pioglitazone.  The applicant conducted studies 
in two general populations of patients with type 2 diabetes mellitus:   
 

(1) Patients who had never received pharmacologic therapy or had received only minimal 
therapy.  Alogliptin was evaluated as a monotherapy in a study that was reviewed under 
NDA 022271/0.  The combination of alogliption + pioglitazone was evaluated in Study 
PI-002 and is reviewed in this NDA.     

 
(2) Patients whose diabetes was no longer adequately controlled with one or more anti-

diabetic drugs.  Alogliptin was evaluated as add-on therapy to different background anti-
diabetic therapies in four studies, reviewed under NDA 022271/0.  Study 009, which 
used pioglitazone as background therapy, is included in both NDAs.  The combination of 
alogliptin + pioglitazone was evaluated with metformin as background therapy in Study 
PI-001, which is reviewed in this NDA.   

 
The primary efficacy criterion in all major studies was the change from baseline to study 
endpoint (week 26) in glycated hemoglobin (HbA1c).   Fasting plasma glucose and change in 
body weight were key secondary efficacy endpoints.   

 
 

1.3 Statistical Issues and Findings 
 
The evaluation of a combination product:  At the development stage of the two combination 
studies, the biometrics review team recommended features of the design and analysis that 
emphasized the comparison of the alogliptin + pioglitazone combination product to each 
component on its own (i.e., to alogliptin alone and to pioglitazone alone).  In my opinion, this 
approach accurately reflects the regulatory requirements for evaluating a combination product1.  
The applicant followed this recommendation in part, by designing each study to include both the 
combination product and its monotherapy components in the relevant doses.  However, as a 
primary analysis, the applicant followed a mixed strategy.  In Study PI-001, the applicant 
compared the alogliptin + pioglitazone combination product to pioglitazone alone.  This analysis 
focuses on the contribution of the alogliptin component to the combination product.  Although 
pioglitazone is an already approved drug, the biometrics team noted that the contribution of each 
component to the efficacy of the alogliptin + pioglitazone combination should still be evaluated.  

                                                 
1 See 21 CFR 300.50 (B) Combination Drugs:  (a) Two or more drugs may be combined in a single dosage form 
when each component makes a contribution to the claimed effects and the dosage of each component (amount, 
frequency, duration) is such that the combination is safe and effective for a significant patient population requiring 
such concurrent therapy as defined in the labeling for the drug. 
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The applicant did provide additional results from each study showing the comparisons of the 
combination to alogliptin alone.  This information enabled me to complete the evaluation of the 
combination product.  In Study PI-002, the applicant compared the alogliptin + pioglitazone 
combination to each component on its own at the 25 mg level of alogliptin.        
 
Another statistical issue concerned the primary approach to analyzing data from Study PI-001, 
which had 12 arms, designed as a factorial combination of alogliptin (0, 12.5 mg and 25 mg) 
crossed with pioglitazone (0, 15, 30 and 45 mg).  The applicant evaluated the alogliptin + 
pioglitazone combinations in a sequence of two comparisons.  First, all combinations with the 25 
mg dose of alogliptin were averaged and compared to an average of the pioglitazone only arms.  
Second, contingent on the statistical significance of the first, all combinations with the 12.5 mg 
dose of alogliptin were averaged and compared to the average of the pioglitazone only arms.  
The biometrics review team preferred a sequence twelve comparisons, structured as six sets of 
two pair-wise comparisons.  Each set consisted of one of the alogliptin + pioglitazone arms 
compared to the alogliptin arm and to the pioglitazone arm at the pertinent doses.  All 
comparisons would be evaluated at the nominal level of 0.05.  If not all comparisons were 
significant at this nominal level, statistical and clinical judgment would guide the overall 
conclusion about the contribution of each component to the efficacy of the combination product.   
 
In my opinion, both approaches have advantages and disadvantages.  For the applicant’s 
approach to be fully interpretable as an estimate of the contribution of the alogliptin 25 mg 
component to the combination product, we need to assume that the contribution of alogliptin 25 
mg is not influenced by the dose of piogligazone with which it is combined, through the dose 
range of 15 through 45 mg of pioglitazone.  A similar assumption is necessary to interpret the 
contribution of alogliptin 12.5 mg to the combination product.  The approach used by the 
biometrics team has the advantage of being able to identify potential differences in the 
contribution of alogliptin at different levels of pioglitazone, but it also has the disadvantage of 
having less statistical power to do so, because each pairwise comparison is based on two arms, 
whereas the applicant’s approach involves a linear combination of six arms.  The advice from the 
biometrics review team at the protocol stage reflects these considerations.   
 
I developed a post-hoc approach to conducting the 12 pair-wise comparisons that were needed to 
evaluate each of the six alogliptin/pioglitazone combinations.  I chose an approach that I 
believed would reflect the spirit of the gate-keeping approach used by the applicant, the focus on 
pairwise comparisons of each combination recommended by the biometrics review team at the 
protocol stage, and the post-hoc nature of the evaluation.  The study results from my post-hoc 
approach and the applicant’s approach were the same.    
 
 
2. INTRODUCTION 
 
2.1 Overview 
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SYR-322-4833 is a fixed-dose combination product that the applicant is developing under IND 
73193 for the treatment of type 2 diabetes mellitus (T2DM).  The active components of SYR-
322-4833 (which will be referred to as “Alo/Pio” in this review) are alogliptin and pioglitazone.  
Alogliptin and pioglitazone have different mechanisms of action as anti-diabetic drugs.  
Alogliptin acts by selectively inhibiting the enzymatic activity of dipeptidyl peptidase IV (DPP-
4), an enzyme that rapidly degrades incretin hormones.  Inhibition of DPP-IV activity augments 
glucose-stimulated insulin secretion, resulting in reductions in glycemia.  At the time of this 
review, one DPP-4 inhibitor, sitagliptin (Januvia™) has been approved by the Agency.    
Pioglitazone is characterized as a “PPARγ agonist” that is a member of the thiazolidinedione 
(TZD) class of oral anti-diabetic drugs.  Pioglitazone increases insulin sensitivity in the 
peripheral tissue and liver, resulting in increased insulin-dependent glucose disposal and 
decreased hepatic glucose output2.  Because of the different mechanisms of action, the applicant 
believes that the combination of Alo/Pio could act in a complementary way and potentially 
improve glycemic control compared with the administration of either agent alone.  Pioglitazone 
(ACTOS®) has been commercially available since 1999.    
 
The applicant submitted NDA 022271 in December 2007 in support of the safety and efficacy of 
alogliptin as monotherapy and as add-on therapy to several anti-diabetic background therapies.   
At the time of this review, alogliptin has not been approved.  The Division sent a “Complete 
Response” letter, dated June 26, 2009, to the applicant in response to the NDA 022271/0 
submission.    
 
The applicant developed an orally available, immediate-release formulation of Alo/Pio in six 
dosage strengths:   

• Alo 12.5 mg +  Pio 15 mg  (A12.5/P15) 
• Alo 12.5 mg + Pio 30 mg  (A12.5/P30) 
• Alo 12.5 mg + Pio 45 mg  (A12.5/P45) 
• Alo 25 mg + Pio 15 mg  (A25/P15) 
• Alo 25 mg + Pio 30 mg  (A25/P30) 
• Alo 25 mg + Pio 45 mg  (A25/P45) 

 
Bioequivalence between the combination product and the individual components was established 
using the highest and lowest dosage strengths (A12.5/P15 and A25/P45).  A food effect study 
using the highest dose (A25/P45) determined that Alo/Pio may be given with or without food. 
 
 
Scope of Statistical Review:  Pivotal Efficacy and Safety Studies    
 
This statistical review covers three Phase 3 studies that were designed to assess the efficacy and 
safety of alogliptin and pioglitazone.  One of these studies, Study 009, was originally reviewed in 
the NDA 022271/0 submission for alogliptin.  Study 009 evaluated alogliptin as an add-on 

                                                 
2 The source of this paragraph is Section 2.2 Introduction  (paraphrased). 
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therapy to a background therapy of pioglitazone, either alone or in combination with metformin 
or a sulfonylurea.  Information from Study 009 will be included in this review, where doing so 
would facilitate the overall assessment of efficacy and safety of the combination of alogliptin + 
pioglitazone.  The reader is also referred to the statistical review of NDA 022271/0 dated 
9/2/2008.  Study PI-001 evaluated Alo/Pio as an add-on to maximized metformin therapy, and 
Study PI-002 evaluated Alo/Pio as an adjunct to diet and exercise.  All studies were randomized, 
double-blind studies of 26 weeks duration.   The primary efficacy endpoint was the change from 
baseline in HbA1c at week 26.   
 
Study PI-001:  Study PI-001 was conducted in 1168 randomized patients who were inadequately 
controlled on a regimen of metformin alone, of whom 15.2% were studied at sites in the U.S.  
Patients were men or women, 18 to 80 years of age, with an historical diagnosis of T2DM who 
had received a stable dose of metformin monotherapy for at least 2 months prior to screening.  
Patients with an HbA1c between 7.5% and 10.0% at the end of the screening period entered a 4-
week stabilization period.  At the conclusion of the stabilization period, eligible patients were 
equally randomized to 1 of 12 double-blind treatment groups and were instructed to take once 
daily combinations over 26 weeks of treatment.  Treatment groups were the following: 
 

1.  Placebo n=129 5.  A12.5 alone n=128 9.    A25 alone n=129 
2.  P15 alone n=130 6.  A12.5/P15 n=130 10.  A25/P15 n=130 
3.  P30 alone n=129 7.  A12.5/P30 n=130 11.  A25/P30 n=130 
4.  P45 alone n=120 8.  A12.5/P45 n=130 12.  A25/P45 n=130 

 
 
Randomization was stratified by two factors:  (1) HbA1c at week -1 (HbA1c < 9.0 vs. ≥ 9.0; and 
(2) geographic region (Mexico and Central/South America, Western Europe, Australia and New 
Zealand, USA, and Rest of World).  A 26-week treatment period was followed by an end of 
treatment visit (or early termination visit), and a 2-week follow-up period.  The study period was 
from May 31, 2006 to March 17, 2008.    
 
Study PI-002:  Study PI-002 was conducted in 655 randomized patients, of whom 33.3% were 
studied at sites in the U.S.  Patients were men or women with a diagnosis of T2DM, 18 to 80 
years of age, who had failed treatment with diet and exercise for at least 2 months prior to 
screening and had received less than 7 days of any anti-diabetic therapy within 3 months prior to 
screening, with HbA1c between 7.5% and 11.0%.  A screening period of up to 2 weeks was 
followed by a 4-week run-in/stabilization period.  At the conclusion of the run-in/stabilization 
period, patients were randomly assigned to one of four treatment groups in a 1:1:1:1 ratio as 
follows: 
 

1.  A25 alone    n=164 
2.  P30 alone     n=163 
3.  A12.5/P30    n=164 
4.  A25/P30       n=164 
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2.2 Data Sources 
 
The applicant submitted this NDA including the data to the FDA CDER Electronic Document 
Room (EDR).  The submission is recorded in the EDR with the link shown in TABLE 1.  
Individual study reports were submitted for each study.   
 
TABLE 1 Data sources for studies 
Document:  NDA 022426.0 
CDER EDR link:  \\CDSESUB1\N022426\ 
Company:  Takeda 
Drug:  Alogliptin 
Received:  September 19, 2008 
 
 
3. STATISTICAL EVALUATION 

 
3.1 Evaluation of Efficacy 

3.1.1.  Subject disposition 
 
The pattern of disposition in each study supports the efficacy of the Alo/Pio combination product 
in comparison with placebo and with each component on its own (TABLE 2).  In Study PI-001, the 
placebo group had the lowest percentage of patients who completed the study and the arms with 
the Alo/Pio combinations had the highest percentage of completions.  In Study PI-002, the Alo 
alone arm and Pio alone arm had a lower percentage of completions than the Alo/Pio 
combination arms.  In Study 009, the Pio background arm had a lower percentage of completions 
than the Alo add-on arm.  In all three studies, the arm(s) with Alo/Pio combinations had the 
lowest percentage of patients who met the criteria for hyperglycemic rescue (TABLE 3) than either 
the Pio alone arms (Studies 001 and 002), the Pio background arm (Study 009) or the placebo 
arm (in Study 001).  
 
In the statistical review of NDA 022271/0 I discussed the relationship between the primary 
efficacy endpoint and the criteria used to intervene with additional diabetes medication.  I 
concluded that the estimate of the primary efficacy endpoint based on the Full Analysis Set 
(Intention-to-Treat) population using HbA1c carried forward from the point of rescue or 
discontinuation was a reasonable estimate of the net effect of alogliptin.  However, I noted that 
the disproportionate incidence of rescue in patients with higher baseline HbA1c compared to 
patients with lower baseline HbA1c meant that estimates of change from baseline in HbA1c in 
subgroups defined by baseline HbA1c are not useful and should not be reported in the label.  I do 
not cover this issue further in this review.           
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3.1.3. Analysis populations  
 
All three studies used the same definitions for the analysis populations, as follows:    
 
Full Analysis Set (FAS):  The FAS included all randomized patients who had a baseline 
assessment and at least one post baseline assessment for the efficacy variable being analyzed.  In 
FAS efficacy summaries, patients were analyzed according to their randomized treatment 
assignment.  Patients who discontinued early had their HbA1c level in the last assessment carried 
forward to the study endpoint (LOCF).  Similarly, patients who met the criteria for 
hyperglycemia rescue had the HbA1c level in the last assessment prior to rescue carried forward 
to the study endpoint (also referred to as LOCF).      
 
Per Protocol Set (PPS):  The PPS included all FAS patients who had no major protocol 
violations.  Patients were analyzed according to the randomized treatment assignment.   
 
Safety sets:  The Enrolled Safety Set included all patients who received at least one dose of 
single-blind placebo during the run-in/stabilization period.  The Safety Set included all patients 
who took at least one dose of double-blind study drug.  In safety summaries, patients were 
analyzed according to the most frequent treatment they received.   
 
 
3.1.4. Primary efficacy variable    
 
The primary efficacy variable in all three studies was the difference in HbA1c at study endpoint 
(after 26 weeks of treatment) compared to baseline.   
 

3.1.5. Statistical analysis methods for primary efficacy endpoint 
 
At the development stage of the two combination studies, the biometrics review team 
recommended features of the analysis that emphasized the comparison of the alogliptin + 
pioglitazone combination product to each component on its own (i.e., to alogliptin alone and to 
pioglitazone alone).  In my opinion, this approach accurately reflects the regulatory requirements 
for evaluating a combination product3.  The applicant followed this recommendation in part.  
Exceptions are noted for Study PI-001.  The applicant did provide sufficient information to 
enable me to conduct the analysis recommended by the biometrics review team.   
 

                                                 
3 See 21 CFR 300.50 (B) Combination Drugs:  (a) Two or more drugs may be combined in a single dosage form 
when each component makes a contribution to the claimed effects and the dosage of each component (amount, 
frequency, duration) is such that the combination is safe and effective for a significant patient population requiring 
such concurrent therapy as defined in the labeling for the drug. 
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Study PI-001:  The primary analysis model included study treatment and geographic region as 
class effects, and baseline HbA1c and baseline metformin dose as continuous covariates.  To 
evaluate the Alo/Pio combination, the applicant used a sequence of two comparisons.  First, a 
linear combination of the three Alo/Pio arms with the 25 mg dose of alogliptin, A25/P45, 
A25/P30 and A25/P15, were compared to the linear combination of the three arms P45, P30 and 
P15.  The linear combination was constructed from the least squares means of the primary 
analysis of covariance model.  A statistically significant result at the α=0.05 level would lead, by 
the gate-keeping strategy, to a similar evaluation of the 12.5 mg dose of alogliptin.    
 
At the development stage, the biometrics review team disagreed with this approach for two 
reasons; (1) the proposed approach did not include a comparison to the alogliptin only arms; and 
(2) the proposed approach involved a combination of results across study arms.  Instead, they 
recommended an evaluation consisting of pairwise comparisons of study arms.  For example, the 
A25/P45 arm would be compared to the A25 arm and to the P45 arm in two pairwise 
comparisons.  This approach can be envisioned as a sequence twelve comparisons, structured as 
six sets of two pair-wise comparisons.  Each set consists of one of the alogliptin + pioglitazone 
arms compared to the alogliptin arm at the pertinent dose and compared to the pioglitazone arm 
at the pertinent dose.   
 
These methods were discussed in a meeting with Takeda on 2/8/2006.  The position of the 
biometrics review team is included in the minutes of this meeting, and is quoted below in the 
response to Question 3.  Question 3 was sent in by the applicant as part of the meeting briefing 
documents, and the response was included in the meeting minutes, sent on 2/22/2006:    
 

Question 3:  Does the Agency agree that the methodology proposed for the 
primary and supportive analyses would be sufficient to support the registration of 
the fixed-dose combination product? 

 
FDA Response: The Agency stated that the secondary (individual cell) comparisons on 
the primary endpoint should be considered primary and may be conducted at nominal 
significance levels. The sponsor expressed concern that in contrast to the proposed 
primary analysis comparing SYR-322 and pioglitazone combination therapy, and 
pioglitazone monotherapy (pooled across pioglitazone doses), the cell-to-cell 
comparisons may fail due to a lack of statistical power. FDA acknowledged that 
according to the sample size calculations, individual cells were powered at 90% to detect 
a treatment difference of 0.47% which the sponsor confirmed. Takeda commented that 
overall power (all comparisons being significant) was much lower than 90% due to the 
large number of comparisons and the fairly small treatment effect (0.3%) expected for 
some comparisons. FDA responded that both statistical and clinical judgment are 
essential with respect to assessing the efficacy of different dose combinations. For 
example, if all the comparisons were significant except for one comparison at p = .06, 
FDA would be comfortable with declaring efficacy particularly if the borderline p-value 
was not associated with the lowest doses. 
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• FDA agreed that dose surface response methods (to better understand the 
response at different dose combinations) would be an adequate supportive 
analysis. 

• Takeda requested a commitment that a statistical “trend” for comparisons of 
individual cells would constitute confirmation of efficacy. The Agency did not 
commit to this. 

• The sponsor was asked to submit a complete protocol for FDA review and 
comment that reflected the meeting discussion. 

• In summary, FDA did not disagree with the primary analysis but considers the 
secondary (cell-to-cell) analyses the most important part of the statistical review.  
These results will be carefully evaluated when assessing efficacy. 

 
Post-meeting comment:  The sponsor’s proposed analyses address the efficacy of SYR-
322 only as add-on therapy to pioglitazone. The analyses do not address the fixed 
combination aspect of therapy in which the combination must be superior to each 
monotherapy arm. This point was not explicitly verbalized at the meeting, but it should 
be emphasized. Although pioglitazone has demonstrated efficacy in previous clinical 
trials, the efficacy of pioglitazone when used in a fixed combination with SYR-322 must 
be evaluated relative to SYR-322 monotherapy under the particular circumstances of this 
clinical trial. 

 
 
In my opinion, both approaches have advantages and disadvantages.  For the applicant’s 
approach to be fully interpretable as an estimate of the contribution of the alogliptin 25 mg 
component to the combination product, we need to assume that the contribution of alogliptin 25 
mg is not influenced by the dose of piogligazone with which it is combined, through the dose 
range of 15 through 45 mg of pioglitazone.  A similar assumption is necessary to interpret the 
contribution of alogliptin 12.5 mg to the combination product.  The approach used by the 
biometrics team has the advantage of being able to identify potential differences in the 
contribution of alogliptin at different levels of pioglitazone, but it also has the disadvantage of 
having less statistical power to do so, because each pairwise comparison is based on two arms, 
whereas the applicant’s approach involves a linear combination of six arms.  The advice from the 
biometrics review team at the protocol stage reflects these considerations.       
 
The applicant maintained the originally proposed analysis plan for the primary analysis, and also 
provided the pairwise comparisons that would support the approach from the biometrics review 
team.   
 
I developed a post-hoc approach to conducting the 12 pair-wise comparisons that were needed to 
evaluate each of the six Alo/Pio combinations.  I chose an approach that I believed would reflect 
the spirit of the gate-keeping approach used by the applicant, the focus on pairwise comparisons 
of each Alo/Pio combination recommended by the biometrics review team, and the post-hoc 
nature of the evaluation.  I developed the approach prior to looking at the study results.  The 
approach was as follows: 
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• First, evaluate the A25/P45, A25/P30 and A25/P15 combinations by pairwise 
comparisons against their respective monotherapy components.  Evaluate each 
comparison with α=0.05/3=0.0167.   

 
• If both pairwise comparisons for a combination are statistically significant, then 

conclude that both the alogliptin and pioglitazone components make a significant 
contribution to the efficacy of the combination. 

 
• If all three combinations at the 25 mg dose of alogliptin are statistically 

significant, then conclude overall that alogliptin 25 mg in combination with 
pioglitazone 15, 30 or 45 mg make a significant contribution to the efficacy of the 
combination.  Continue by evaluating the three combinations at the 12.5 dose of 
alogliptin in the same way.   

 
I used a Bonferroni correction as a conservative approach to my post-hoc evaluation, considering 
that although I did not look at these study results prior to developing the approach, I was likely to 
have been influenced by reviewing the INDs and NDAs associated with alogliptin.  The 
Bonferroni correction that I selected represents my view that in this post-hoc evaluation, the set 
of three Alo/Pio combinations at each alogliptin dose level represents a family of comparisons.  
Within each Alo/Pio combination, the stipulation that both pairwise comparisons need to be 
statistically significant reflects the regulatory requirement that both components should 
contribute to the effectiveness of the combination product.  The gate-keeping step between the 
three combinations at the 25 mg level of alogliptin and the three combinations at the 12.5 mg 
level reflects the applicant’s gate-keeping approach of evaluating the lower dose of alogliptin 
conditional on the statistical significance of the higher dose.     
 
 
Study PI-002:  The applicant evaluated the A25/P30 combination by comparing it to the A25 and 
P30 components.  Contingent on the statistical significance of these comparisons, the A12.5/P30 
arm was compared to the P30 arm (there was no A12.5 arm in the study).  The biometrics review 
team concurred with this approach.   
 
The primary efficacy analysis was conducted using the FAS and an analysis of covariance 
(ANCOVA) model with change from Baseline in HbA1c at Week 26 (using LOCF) as the 
response variable.  The primary model included study treatment (3 levels) and geographic region 
(4 levels) as class effects, and baseline HbA1c as a continuous covariate. The primary analysis 
was a comparison of the average change from baseline in HbA1c at Week 26 for the A25/P30 
arm to the average changes for the P30 arm and the A25 arm at the 2-sided 0.05 significance 
level using contrasts derived from the primary analysis model.  If both of these comparisons 
were statistically significant, then the average change from baseline in HbA1c at Week 26 for the 
A12.5/P30 arm was compared to the average change for the P30 arm at the 0.05 significance 
level in a step-down manner using a separate contrast derived from the same model.  Using this 
step-down strategy, no significance level adjustment was made for the multiple comparisons. 
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Study 009 Add-on to Pio (with TZD, SU and metformin as background therapies):   The 
applicant evaluated alogliptin as an add-on to pioglitazone (along with other background 
therapies).  The biometrics review team concurred with this approach.  The primary analysis was 
performed for the FAS using analysis of covariance (ANCOVA).  The primary model included 
study treatment and geographic region as class variables, and diabetes duration and baseline 
HbA1c as continuous covariates.  For the primary analysis, the 25 mg 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 dose was to be evaluated in a similar fashion.  
Using this step-down strategy, no significance level adjustment was necessary for the multiple 
comparisons.   
 

3.1.6.  Results of the statistical analysis of efficacy   
 
HbA1c at week 26 – baseline:   The combination of alogliptin and pioglitazone, in the dosage 
combinations studied in Studies PI-001 and PI-002, had a statistically significantly greater effect 
on the average reduction in HbA1c at week 26 compared to either alogliptin alone or 
pioglitazone alone (TABLE 5 and TABLE 6).  The contribution of alogliptin in the combination 
product was an additional average reduction of HbA1c of approximately 0.5 percent units 
compared to pioglitazone alone (TABLE 5 and TABLE 6).  The contribution of alogliptin 25 mg was 
fairly similar to the contribution of alogliptin 12.5 mg in the combination product.  The 
contribution of pioglitazone in the combination product was an additional average reduction of 
HbA1c that ranged from 0.4 to 0.9, compared to alogliptin alone.  The range in contributions did 
not appear to be related to pioglitazone dose or to alogliptin dose.  Studies PI-001 and PI-002 
were not powered or intended to quantify the differences between doses of the same drug or 
between the two drug components.       
 
The add-on effect of alogliptin, with pioglitazone as background therapy, was an average 
reduction of 0.5 for the alogliptin 12.5 mg dose and 0.6 for the alogliptin 25 mg dose, at week 26 
(Study 009; TABLE 7).  These results are similar to the effect of alogliptin in combination with 
pioglitazone in Studies PI-001 and PI-002.    
 
The effect of alogliptin on the average reduction of HbA1c, estimated from Studies PI-001, PI-
001 and 009 is similar to the effect estimated from the four other Phase 3 studies, reviewed under 
NDA 022271/0, which evaluated alogliptin 12.5 mg and 25 mg against placebo, either as a 
monotherapy, or as an add-on therapy to sulfonylurea, metformin or insulin. 
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3.1.7. Other Efficacy Endpoints 
 
Fasting plasma glucose (FPG):  Results from FPG supported the efficacy of the alogliptin + 
pioglitazone combination in the range of doses used in Studies PI-001, PI-002 and 009.   Both 
alogliptin and pioglitazone contributed to the reduction in FPG at week 26 compared to baseline 
in the two combination studies (TABLE 5, TABLE 6).   In Study 009, both alogliptin dose arms had 
a greater average reduction in FPG at week 26 than the arm with pioglitazone background 
therapy (TABLE 7).  In the two combination studies, the contribution of pioglitazone 30 mg and 
45 mg to the average reduction in FPG was greater than the contribution of alogliptin 12.5 mg or 
25 mg.  However, I note that Studies PI-001 and PI-002 were not powered or intended to 
quantify differences between the two drug components.       
 
Body weight:  In the combination studies, the alogliptin component was not associated with a 
statistically significant average change in body weight at week 26 compared to baseline (TABLE 
11 and TABLE 12; “statistical significance” refers to the nominal p-value of each comparison).  In 
contrast, the pioglitazone component was associated with a statistically significant average 
weight gain at week 26, ranging from 1.3 kg to 3.4 kg between the two studies and across the 
dose arms.  The average weight gain with the 30 mg dose of pioglitazone was similar to the 
average weight gain with the 45 mg dose, and was somewhat greater than the average weight 
gain with the 15 mg dose.   
 
In the add-on study, the alogliptin component was not associated with a statistically significant 
change in body weight at week 26 (TABLE 13).  These findings are consistent with the results 
from the other Phase 3 studies of alogliptin reviewed in NDA 022271/0.  The large majority of 
patients in each of these Phase 3 studies, 84% to 94%, stayed within ± 5% of their baseline body 
weight at week 26.     
   















 
 
 
 
 
3.2 Evaluation of Safety 
 
An evaluation of the safety of alogliptin and the alogliptin + pioglitazone combination product is 
included in the clinical reviews by Dr. Valerie Pratt, under NDA 022271/0 and this NDA.  As a 
contribution to Dr. Pratt’s review, I compared the incidence of major adverse cardiovascular 
events (MACE) and cardiovascular adverse events (CAE) between alogliptin- and comparator-
treated patients, in a stratified meta-analysis of eight Phase 2 and Phase 3 studies reported in 
these two NDAs.  This analysis is included in Dr. Pratt’s clinical review, under NDA 022271/0.  
The results, along with results provided by the applicant, illustrated the extent to which the 
estimates of the upper 95% confidence bound of the risk ratio (alogliptin vs. comparator) were 
sensitive to choice of method, study population and definition of endpoint.  This upper bound is 
compared to non-inferiority margins of 1.8 and 1.3, as specified in the 2008 guidance, “Diabetes 
Mellitus – Evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 
Diabetes.”  These margins represent critical decision points regarding the cardiovascular safety 
of a diabetes therapy.       
 
The evaluation of cardiovascular risk associated with alogliptin is the focus of ongoing review by 
the Division, and is likely to involve an additional cardiovascular safety study as well as an 
assessment of additional safety information from studies that were ongoing at the time of this 
review.   
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4.  FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 

 
4.1 Gender, Race and Age 

 
Across all three studies, subgroups defined by gender, race, ethnicity and age were fairly similar 
with respect to the effect of alogliptin in the combination product, or to the effect of alogliptin 
compared to pioglitazone as background therapy.  The applicant evaluated changes from baseline 
in HbA1c for these subgroups through the use of summary statistics.  I did not conduct additional 
statistical analyses for this review.  A more detailed evaluation of the effect of subgroups defined 
by gender, race and ethnicity is available in the review of alogliptin under NDA 022271/0.  In 
this review, I also concluded that the effect of alogliptin was fairly similar among these 
subgroups.     
     
 
4.2 Other Special/Subgroup Populations 
 
Additional subgroups were not evaluated in this review.  A more detailed review of the efficacy 
of alogliptin in subgroups defined by disposition status (rescued or discontinued vs. completed), 
baseline HbA1c, and baseline BMI is included in the statistics review of alogliptin under NDA 
022271/0.   
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TABLE 14 Study PI-001: Mean change from baseline in HbA1c at week 26 by demographic 

subgroup (FAS/LOCF) 

 
Source: Study PI-001 Clinical Report, Table 11.o 

 
 
TABLE 15 Study PI-002: Mean change from baseline in HbA1c at week 26 by demographic 

subgroup (FAS/LOCF) 

 
Source: Study PI-001 Clinical Report, Table 11.m 
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5. SUMMARY AND CONCLUSIONS 
 
5.1 Statistical Issues and Collective Evidence 
 
In my opinion, the collective evidence from the two Phase 3 combination studies supports the 
contribution of both alogliptin and piogliptin to the efficacy of the combination product, at the 
dose levels tested (alogliptin 12.5 mg and 25 mg; pioglitazone 15, 30 and 45 mg).  Results for 
the primary efficacy endpoint, HbA1c at week 26 as a change from baseline, are consistent with 
results from secondary efficacy endpoints, such as fasting plasma glucose.   Results from the 
combination studies are also consistent with results from five Phase 3 studies, reviewed under 
NDA 022271/0, which evaluated alogliptin either as a monotherapy, or as an add-on therapy to 
sulfonylurea, metformin, pioglitazone or insulin. 
 
A statistical issue that occurred in the review of this submission concerned the evaluation of a 
combination product.  At the development stage of the two combination studies, the biometrics 
review team recommended features of the design and analysis that emphasized the comparison 
of the alogliptin + pioglitazone combination product to each component on its own (i.e., to 
alogliptin alone and to pioglitazone alone).   The applicant followed these recommendations in 
part, and designed the studies appropriately to support an evaluation of the combination product.  
The applicant also provided sufficient summary information for me to follow up with a post-hoc 
approach that involved a structured set of pairwise comparisons.  The two approaches resulted in 
the same study conclusions, supporting the efficacy of the alogliptin and pioglitazone 
components of the combination.   
 
 
5.2 Conclusions  

 
The contribution of alogliptin in the combination product was an additional average reduction of 
HbA1c of approximately 0.5 percent units compared to pioglitazone alone.  The contribution of 
alogliptin 25 mg was fairly similar to the contribution of alogliptin 12.5 mg in the combination 
product.  The combination studies were not powered or intended to quantify the differences 
between doses of the same drug or between the two drug components.   Results for fasting 
plasma glucose at week 26 also supported the efficacy of the combination product in comparison 
to either alogliptin alone or pioglitazone alone, in the range of doses that were evaluated.  
Subgroups defined by gender, race, ethnicity and age (< 65 and ≥ 65 years) were fairly similar 
with respect to the effect of alogliptin in the combination product.   
 
In the combination studies, the alogliptin component was not associated with a statistically 
significant average change in body weight at week 26 compared to baseline.  In contrast, the 
pioglitazone component was associated with a statistically significant average weight gain at 
week 26, ranging from 1.3 kg to 3.4 kg between the two studies and across the dose arms.  The 
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findings for body weight in this review are consistent with the results from the Phase 3 studies of 
alogliptin reviewed in NDA 022271/0.    
 
The evaluation of cardiovascular risk associated with alogliptin is the focus of ongoing review by 
the Division.  The evaluation of safety is included in the clinical review by Dr. Valerie Pratt.   
 
 
5.3 Recommendations for Labeling 
 
Recommendations for labeling are not included in this review.  For general recommendations for 
reporting statistical results in the Clinical Studies of the package insert, see the statistical review 
of NDA 022271/0.   
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