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Alogliptin Overview 
 Alogliptin is a potent and highly selective DPP-4 inhibitor  
 Over 17,000 type 2 diabetes (T2D) patients enrolled in 

Phase 2/3 clinical trials as monotherapy, as well as on  
a background of a broad range of commonly used  
anti-diabetic therapies 
 Significant and clinically meaningful reductions of HbA1c 

compared to placebo (0.6 – 1.0%) 
 Well tolerated with good benefit-risk profile 

• Common adverse reactions include nasopharyngitis, 
headache, and upper respiratory tract infection 
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Regulatory History 

 Alogliptin approved in over 40 countries worldwide 
including Japan (April 2010), US (January 2013) and 
EU (September 2013) 
• Adjunct to diet and exercise to improve glycemic 

control in adults with T2D 
 EXAMINE pre-specified interim analysis provided 

support for US approval 
 Also approved as fixed-dose combinations with 

pioglitazone and metformin 
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Post-Marketing Requirements (PMR)  

 Evaluate the effect of alogliptin on the incidence of 
major adverse cardiovascular events (MACE) in 
patients with T2D 
• Establish the upper bound of the 2-sided 95% 

confidence interval (CI) for the estimated MACE risk 
ratio comparing alogliptin to control group ˂1.3 

 Study the long-term effects of alogliptin on 
hepatotoxicity, hypersensitivity reactions, serious 
hypoglycemia, pancreatitis, and renal safety 
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EXAMINE Objectives 

Primary Objective 
 To evaluate for non-inferiority of alogliptin versus 

placebo for the primary MACE composite, in patients 
with T2D and recent Acute Coronary Syndrome (ACS) 

Secondary Objectives 
 To evaluate superiority of alogliptin versus placebo for 

the primary MACE composite 
 To evaluate superiority of alogliptin versus placebo for 

the secondary MACE composite 
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Exploratory 

 

 

 

 

 

Pre-Specified Composite Endpoints 

Time to first event of: 
Primary 
MACE 

CV death  
Nonfatal myocardial infarction (MI)  
Nonfatal stroke  
Urgent revascularization due to 
unstable angina 

All-cause mortality 

Hospitalization for  
heart failure (HHF) 

Secondary 
MACE 

 

 

 

 
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Study Patients 
 T2D patients receiving antidiabetic mono or combination 

therapy (with the exception of any DPP-4 inhibitor or  
GLP-1 agonist) 
 HbA1c between 6.5% and 11.0% 
 High CV risk – diagnosed with ACS (acute myocardial 

infarction or unstable angina requiring hospitalization)  
within 15 to 90 days before randomization 
 Included patients with mild, moderate, and severe renal 

impairment 
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EXAMINE Study Design 
       

       

    

   
  

         
 

 
 

 
 

 
 

           

Randomization 
1:1 

Day 1 
Baseline 

Screening 
Visit 

Placebo QD + Standard of Care (N = 2679) 

Alogliptin QD + Standard of Care (N = 2701) 

2-Week  
Follow-up 

Day -14 Month 1 Month 54 
End of 
Study 

Month 12 

Treatment Period = 4.5 years 

Visits at Months  
3, 6, and 9 

Visits Every 4 Months 
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Statistical Analyses and Sample Size 
Primary Endpoint Analysis 
 Cox proportional hazards model of time to first event in the primary 

composite endpoint  
• Stratified by geographic region and baseline renal function 
• Estimated that a maximum 650 events required to rule out excess  

CV risk based on a non-inferiority margin of 1.3 with an interim analysis 
at 550 events 

Key Sample Size Assumptions 
 5400 patients based on: 

• Estimated annual placebo event rate of 3.5% 
• 1% annual lost-to-follow-up rate 
• Estimated 3.3 year enrollment with 4.5 year trial duration 
• 91% power to detect non-inferiority 
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Study Governance 
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Patient Disposition 
Patients Randomized 

N = 5380  

Alogliptin 
n = 2701 

Placebo 
n = 2679 

Study Drug Discontinuations 
n = 564 (20.9%) 

Adverse events (includes death)  270 (10.0%) 
Unwillingness to continue  169 (6.3%)  
Other reason  125 (4.6%)  

Adverse events (includes death)  275 (10.3%) 
Unwillingness to continue 192 (7.2%) 
Other reason 139 (5.2%)  

Study Drug Discontinuations 
n = 606 (22.6%) 

Lost to follow-up 
 n = 9 (0.3%)  

Lost to follow-up 
 n = 16 (0.6%) 



CI-16 Enrollment by Region  
N = 5380  

 
 

      

 
 

 
 

 
      

     

   

     

     
    

Eastern Europe  
and Africa  

 

Western Europe, Australia, 
New Zealand, Middle East 

United States  
and Canada  

 

Asia/Pacific 
Mexico, 

Central/South 
America 

 

           
              

   

15.9% 
n = 853 

11.4% 
n = 616 

18.8% 
n = 1010 25.9% 

n = 1393 

28.0% 
n = 1508 
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Baseline Patient Characteristics  
Alogliptin 
N = 2701 

Placebo 
N = 2679 

Age  Median, years 61.0 61.0 
  Patients ≥65 y, n (%) 973 (36) 934 (35) 
Sex, n (%) Male 1828 (68) 1823 (68) 
Race, n (%) White 1966 (73) 1943 (73) 

Black  101 (4) 115 (4) 
Asian 547 (20) 542 (20) 
Other 87 (3) 79 (3) 

  

.  

 
 



CI-18 

Baseline Patient Characteristics 
  

Alogliptin 
N = 2701 

Placebo 
N = 2679 

Median duration of diabetes, years 7.1 7.3 
Median BMI, kg/m2 28.7 28.7 
Mean HbA1c level (%) ±SD 8.0 ± 1.1 8.0 ± 1.1 
Qualifying index ACS event for trial entry, n (%) 

Myocardial infarction (MI) 2084 (77) 2068 (77) 
Unstable angina requiring hospitalization 609 (23) 605 (23) 

Median time from index ACS to randomization, days 43 45 
Median eGFR*, mL/min/1.73 m2 71 71 

≥60 mL/min/1.73 m2, n (%) 1929 (71) 1886 (70) 

<60 mL/min/1.73 m2, n (%) 772 (29) 793 (30)  
   

   
 

 
 

*Calculated using Modification of Diet in Renal Disease [MDRD] formula 



CI-19 Cardiovascular History – High Risk 
Population 

Alogliptin 
N = 2701 

n (%) 

Placebo 
N = 2679 

n (%) 
Myocardial infarction (MI)* 2389 (88.4) 2345 (87.5) 

 MI prior to index event 801 (29.7) 748 (27.9) 
CABG 347 (12.8) 341 (12.7) 
PCI 1689 (62.5) 1683 (62.8) 
Hospitalization for unstable angina* 815 (30.2) 859 (32.1) 
Cardiac arrhythmia 383 (14.2) 410 (15.3) 
Peripheral artery disease 262 (9.7) 252 (9.4) 
Congestive heart failure 757 (28.0) 744 (27.8) 
Cerebrovascular accident 195 (7.2) 193 (7.2) 
*Includes index event  
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Baseline Cardiovascular Therapies 
Medications Administered  
at Baseline, n (%) 

Alogliptin 
N = 2701 

Placebo 
N = 2679 

Antiplatelet agents 2630 (97) 2602 (97) 

Aspirin 2448 (91) 2433 (91) 

Thienopyridine 2155 (80) 2165 (81) 

Statins 2446 (91) 2420 (90) 

β-Blockers 2208 (82) 2203 (82) 

Renin-angiotensin system blockers 2201 (82) 2210 (83) 

Diuretics 1005 (37) 1009 (38) 

Loop 482 (18) 458 (17) 

Thiazide 387 (14) 415 (16) 
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Baseline Anti-Diabetic Therapies 

Medications Administered at Baseline, n (%) 
Alogliptin 
N = 2701 

Placebo 
N = 2679 

All agents  2676 (99) 2649 (99) 

 Metformin 1757 (65) 1805 (67) 

 Sulfonylureas 1266 (47) 1237 (46) 

 Insulin 793 (29) 812 (30) 

 Thiazolidinediones 67 (3) 64 (2) 

Receiving 2 or more agents 1192 (44) 1244 (46) 
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Patients, n 

Alogliptin 2700 2496 2332 2157 1952 1693 1349 984 611 271 81                    

Placebo 2679 2470 2299 2135 1932 1647 1320 986 593 283 82    

HbA1c Levels Over Time 
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Achievement of HbA1c Target <7.0% 

 
* The last visit includes all patients who had a final  HbA1c level. 
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Month Total Patients, N 
Alogliptin 2332 1952 984 2648 
Placebo 2299 1932 986 2621 

P<0.001 
P<0.001 

P<0.001 P<0.001 
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Cardiovascular Outcomes with 
Alogliptin in Patients with  

Type 2 Diabetes Mellitus and  
Acute Coronary Syndromes 
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Professor, Calhoun Cardiology Center,  
University of Connecticut School of Medicine, 
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Agenda for Cardiovascular Results  

Primary and Secondary Composite Endpoints 
Subgroup Analysis of Primary MACE  
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Time to First Event in Primary MACE 
Composite Endpoint  

Events 
n (%) 

Hazard Ratio  
(1-sided CI) 

Alogliptin 305 (11.3) 0.962 
(≤1.160) Placebo 316 (11.8) 

No. at risk 
Alogliptin 2701 2316 1899 1394 817 290 
Placebo 2679 2299 1890 1375 803 282            

   
   

   

Alogliptin 

Placebo 

N Engl J Med. 2013;369:1327-1335. 
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Comparison Between Alogliptin and  
Placebo on Primary MACE and Components 

Alogliptin 
N = 2701 

n (%) 

Placebo 
N = 2679 

n (%) 

Hazard Ratio for 
Alogliptin Group 

(95% CI) 

Primary end point:  
CV death, nonfatal MI,  
or nonfatal stroke 

305 (11.3) 316 (11.8) 0.962  
(≤1.160)a 

 CV death 89 (3.3) 111 (4.1) 0.790 
(0.598, 1.044) 

 Nonfatal MI 187 (6.9) 173 (6.5) 1.080 
(0.878, 1.329) 

 Nonfatal stroke 29 (1.1) 32 (1.2) 0.908 
(0.550, 1.449) 

a99% 1-sided CI, P<0.001 for non-inferiority. 

N Engl J Med. 2013;369:1327-1335. 
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Time to First Event in the Secondary 
MACE Composite Endpoint* 

No. at risk 
Alogliptin 2701 2297 1873 1373 802 281 
Placebo 2679 2275 1860 1356 783 274  

 
 

 
 

 
 

 

Events 
n (%) 

Hazard Ratio  
(1-sided CI) 

Alogliptin 344 (12.7) 0.952 
(≤1.135) Placebo 359 (13.4) 

Alogliptin 

Placebo 

           
   

   
   

*Includes CV death, nonfatal MI, nonfatal stroke, and urgent revascularization due to unstable angina. 
N Engl J Med. 2013;369:1327-1335. 
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Agenda for Cardiovascular Results  

Primary and Secondary Composite Endpoints 
Subgroup Analysis of Primary MACE  
Evaluation of Mortality 
Heart Failure Findings 

• Pre-specified analysis 
• Post-hoc analyses 
Summary 
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0 0.5 1 1.5 2

Subgroup Analyses of Primary MACE  
(1) 

Hazard Ratio 
Favors Alogliptin Favors Placebo 

Subgroup 
Alogliptin 

n (%)a 
Placebo  
n (%)a P-valueb 

aN = total number of patients in subgroup, % = percent of patients with an event within the subgroup. bTreatment interaction p-value. 

Overall MACE 

Male 

Female 

Sex 0.338 1828 (10.8) 1823 (10.6) 
873 (12.3) 856 (14.3) 

White 

Non-white 

Race 0.992 
1966 (11.3) 1943 (11.8) 
735 (11.3) 736 (11.8) 

<30 kg/m2 

≥30 kg/m2 
Baseline BMI 1565 (11.2) 1606 (11.7) 

1136 (11.4) 1072 (11.9) 0.785 

Geographic  
region 

US, Canada 427 (15.5) 426 (12.4) 
Mexico, Central/South America 700 (10.3) 693 (11.1) 

Eastern Europe, Africa 755 (9.1) 753 (12.7) 
Asia/Pacific 506 (9.1) 504 (10.3) 

West. Europe, Australia, 
New Zealand, Middle East 0.034 313 (16.6) 303 (12.5) 

1403 (11.0) 1412 (11.5) 
1297 (11.6) 1267 (12.1) 

0.805 
<8% level 
≥8% level 

Baseline HbA1c 

67 (10.4) 64 (12.5) 
2634 (11.3) 2615 (11.8) 

Yes 
No 

Thiazolidinedione  
use at Baseline 

0.870 

1266 (10.7) 1237 (12.0) Yes Sulfonylurea  
use at Baseline 

0.472 
1435 (11.8) 1442 (11.7) No 
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0 0.5 1 1.5 2

Subgroup Analyses of Primary MACE  
(2) 

Hazard Ratio 
Favors Alogliptin Favors Placebo 

Subgroup 
Alogliptin 

n (%)a 
Placebo  
n (%)a P-valueb 

aN = total number of patients in subgroup, % = percent of patients with an event within the subgroup. bTreatment interaction p-value. 

609 (8.7) 605 (7.8) Unstable angina 

2084 (12.1) 2068 (13.0) MI Index event 0.323 

801 (17.1) 748 (17.0) Yes 
1892 (8.9) 1925 (9.8) No 

History of MI 
before index event 

History of PCI or CABG  
before index event 

419 (18.1) 404 (22.3) Yes 
2274 (10.1) 2269 (10.0) No 

History of CHF 
before index event 

1158 (11.5) 1144 (13.5) Never smoked 
351 (8.0) 383 (12.0) Current smoker 

Smoking status 

1192 (12.1) 1152 (10.1) Ex-smoker 

Yes 646 (17.6) 628 (17.7) 
No 2047 (9.3) 2045 (10.0) 

0.478 

0.692 

0.251 

0.029 

Baseline age 0.570 973 (15.1) 934 (15.3) ≥65 years 

1745 (9.9) <65 years 1728 (9.1) 

1929 (8.3) 1886 (9.8) 
772 (18.8) 793 (16.6) 

0.046 Normal or mild impairment 
Mod to severe impairment/ESRD 

Baseline renal function 
(MDRD) 

645 (9.6) 665 (11.9) 
1035 (16.5) 1032 (13.8) 

<5 years 
≥5 to <10 years 

Duration of  
diabetes ≥10 years 

1009 (7.0) 973 (9.7) 
0.014 

793 (16.1) 812 (13.3) 
1908 (9.3) 1867 (11.1) 

Yes 
No 

Insulin use  
at Baseline 0.018 

1760 (8.8) 1808 (10.9) 
941 (16.0) 871 (13.7) 

Yes 
No 

Biguanide use  
at baseline 

0.029 

Overall MACE 
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Region Interaction 

 No baseline imbalances or treatment interactions with 
any of the CV risk factors explained the observation 
 No differences in study conduct by region explained  

the observation 
 Analysis by individual countries performed to determine 

if the interaction could be a result of random chance 



CE-10 

 

 

Normal Probability Plot by Country 

-4

-3

-2

-1

0

1

2

3

4

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

O
bs

er
ve

d 
z 

Expected z 

US 



CE-11 

Summary of Subgroup Analyses 
 EXAMINE was designed and powered to evaluate  

non-inferiority of the overall MACE composite; subgroup 
analyses performed to explore consistency  
of primary endpoint 
 Heterogeneity was observed in some subgroups 

• When adjusted for multiplicity no subgroup interaction 
remained significant 

• No individual baseline factor was responsible for 
geographic region differences 

 These additional analyses suggest findings are consistent 
with random variation 
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Agenda for Cardiovascular Results  

Primary and Secondary Composite Endpoints 
Subgroup Analysis of Primary MACE  
Evaluation of Mortality 
Heart Failure Findings 

• Pre-specified analysis 
• Post-hoc analyses 
Summary 
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No. at risk 
Alogliptin 2701 2401 2023 1504 891 314 
Placebo 2679 2384 1995 1477 887 320 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 153 (5.7) 0.875 
(0.705 – 1.088) Placebo 173 (6.5) 

        
   

    
   

Alogliptin 

Placebo 

 
 

 
 

 
 

 

 
 

 

N Engl J Med. 2013;369:1327-1335. 
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Overview of Mortality 
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HR 0.875 
(0.705 – 1.088) 

HR 0.851 
(0.662 – 1.096) 

Events, n: 153 173 112 130 41 43 
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Agenda for Cardiovascular Results  

Primary and Secondary Composite Endpoints 
Subgroup Analysis of Primary MACE  
Evaluation of Mortality 
Heart Failure Findings 

• Pre-specified analysis 
• Post-hoc analyses 
Summary 



CE-16 Pre-Specified Composite Endpoint  
with Hospitalization for Heart Failure (HHF) 

Time to first event of: 
Primary 
MACE 

Secondary 
MACE Exploratory 

CV death   
Nonfatal myocardial infarction (MI)    
Nonfatal stroke    
Urgent revascularization due to 
unstable angina   

All-cause mortality  
HHF  



CE-17 Results for the Pre-Specified  
Composite Endpoint that Included HHF 

 

 
 

 

 Time to first event of all-cause mortality, nonfatal MI, nonfatal stroke, urgent 
revascularization due to UA, HHF 

Alogliptin 
N = 2701 

n (%) 

Placebo 
N = 2679 

n (%) 

Hazard Ratio for 
Alogliptin Group 

(95% CI) P-value 
Exploratory Endpoint: 
Composite 433 (16.0) 441 (16.5) 0.977 

(0.856 – 1.115) 0.728 

All-cause mortality 106 (3.9) 131 (4.9) 0.797 
(0.617 – 1.029) 0.081 

Nonfatal MI 171(6.3) 155 (5.8) 1.100 
(0.884 – 1.367) 0.393 

Nonfatal stroke 28 (1.0) 29 (1.1) 0.967 
(0.575 – 1.624) 0.898 

Urgent revascularization due 
to unstable angina 43 (1.6) 47 (1.8) 0.904 

(0.598 – 1.366) 0.632 

HHF 85 (3.1) 79 (2.9) 1.072 
(0.789 – 1.456) 0.657 
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Agenda for Cardiovascular Results  

Primary and Secondary Composite Endpoints 
Subgroup Analysis of Primary MACE  
Evaluation of Mortality 
Heart Failure Findings 

• Pre-specified analysis 
• Post-hoc analyses 
Summary 
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No. at Risk 
Alogliptin 2701 2352 1968 1457 856 300 
Placebo 2679 2346 1946 1430 855 310 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 106 (3.9) 1.193 
(0.900 – 1.581) Placebo 89 (3.3) 

Alogliptin 

Placebo 
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Initial and Recurrent Events of HHF 

Alogliptin 
N = 2701 

Placebo 
N = 2679 

Number of events that met the criteria for HHF 163a 136 

Number of patients HHF 106 89 

Number of patients with 2 or more events of 
HHF (total events) 32 (87 events) 28 (75 events) 

Andersen-Gill Modelb HR: 1.185 (0.939, 1.495) 
P=0.153 

aTwo events of HHF occurred prior to randomization and were not included in the analysis. 

 
 

 
 

bRecurrent events of HHF were fit using the Andersen-Gill model with treatment as the single factor, stratified by screening 
renal function and geographic region. 
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No. at risk 
Alogliptin 2701 2352 1968 1457 866 300 
Placebo 2679 2346 1946 1430 855 310 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 201 (7.4) 0.997 
(0.820–1.212) Placebo 201 (7.5) 

Alogliptin 

Placebo 
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Baseline Characteristics by  
History of Heart Failure (HF) 

 

 
 

 

With History of HF No History of HF 

Alogliptin 
N = 771 

Placebo 
N = 762 

Alogliptin 
N = 1930 

Placebo 
N = 1917 

Median age, years 
   Age ≥65 years, % 

63 
43.7 

62 
40.0 

60 
33.0 

60 
32.8 

Male, %    60.6 60.9 70.5 70.9 
Race, % 
   White 
   Black 
   Asian 

 
82.2 
5.1 

10.8 

 
79.3 
5.2 

14.0 

 
69.0 
3.2 

24.0 

 
69.8 
3.9 

22.7 
Median duration of diabetes, years 7.9 6.8 6.8 7.3 
Median NT-proBNP, pg/mL 699 630 376 340 

Mean HbA1c, % 8.1 8.2 8.0 8.0 
Median eGFR, mL/min/1.73 m2 a 

   ≥60 mL/min/1.73 m2, % 

   <60 mL/min/1.73 m2, % 

66.4 
62.5 
37.5 

65.0 
59.6 
40.4 

72.7 
75.0 
25.0 

73.2 
74.7 
25.3 

aCalculated by the MDRD formula. 



CE-23 Primary MACE by History of  
Heart Failure 

 
  

 
 

 
 

    
    

     
     

 
 

 
 

 

 

       
    

    

    

   
   

                                                                                                                                                                                    
                                                                                                                                                                         
 

    
                                                                                                                                                               
                                                                                                                                                               

       
        
   

   
   

        
        
   

   
   

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 123 (16.0) 0.940 
(0.736 - 1.201) Placebo 131 (17.2) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 182 (9.4) 0.970 
(0.791 - 1.190) Placebo 185 (9.7) 

 
  

 
 

 

 

 
  

 
 

 

 

Patients With No History of HF Patients With History of HF 

No. at risk 
Alogliptin 1930 1679 1394 1036 623 238 
Placebo 1917 1660 1381 1015 613 229 

No. at risk 
Alogliptin 771 637 505 358 194 52 
Placebo 762 639 509 360 190 53 

Alogliptin 
Placebo 

Alogliptin 
Placebo 
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Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 107 (13.9) 0.904 
(0.697–1.172) Placebo 120 (15.7) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 94 (4.9) 1.144 
(0.849–1.540) Placebo 81 (4.2) 

No. at risk 
Alogliptin 1930 1709 1446 1083 656 250 
Placebo 1917 1711 1442 1074 662 250 

Patients With No History of HF 

 
 

 
 

 

 

Alogliptin 
Placebo 

 
 

 
 

 

 
No. at risk 
Alogliptin 771 643 522 374 200 50 
Placebo 762 635 504 356 193 60 

Patients With History of HF 

Alogliptin 
Placebo 
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CV Death by History of Heart Failure 

 
  

 
 

 

 

    
    

     
     

 
 

 
 

 

 

       

    

    

    

   
   

                                                                                                                                                                            
                                                                                                                                                                               
  

    
                                                                                                                                                                  
                                                                                                                                                                     

       
         
   

   
   

        
         
   

   
   

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 55 (7.1) 0.769 
(0.542 - 1.091) Placebo 69 (9.1) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 57 (3.0) 0.918 
(0.639 - 1.318) Placebo 61 (3.2) 

   
   

       
       

 
    

       
       

Patients With No History of HF Patients With History of HF 

 
  

 
 

 

 

 
  

 
 

 

 
No. at risk 
Alogliptin 1930 1730 1468 1101 667 255 
Placebo 1917 1722 1456 1068 670 255 

No. at risk 
Alogliptin 771 672 555 403 224 59 
Placebo 762 662 539 391 217 65 

Alogliptin 
Placebo 

Alogliptin 
Placebo 
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HHF by History of Heart Failure 

 
  

 
 

 

 

 
 

 
 

 

 

        
 

    

    

    

   
    

                                                                                                                                                                          
                                                                                                                                                                                    
 

    
                                                                                                                                                                 
                                                                                                                                                                   

       
        
   

   
   

        
        
   

   
   

 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 63 (8.2) 1.001 
(0.708 - 1.415) Placebo 65 (8.5) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 43 (2.2) 1.761 
(1.070 - 2.900) Placebo 24 (1.3) 

 
  

 
 

 

 

    
    

     
     

   
   

       
       

 
    

       
       

 
  

 
 

 

 

Patients With No History of HF Patients With History of HF 

No. at risk 
Alogliptin 1930 1709 1446 1083 656 250 
Placebo 1917 1711 1442 1074 662 250 

No. at risk 
Alogliptin 771 643 522 374 200 50 
Placebo 762 635 504 356 193 60 

Alogliptin 
Placebo 

Alogliptin 
Placebo 
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Baseline Characteristics for Patients Who Developed HHF 
During the Study by History of HF Prior to Randomization  

  Patients With History of HF 
and Developed HHF 

Patients Without History of HF 
and Developed HHF 

Alogliptin 
N = 63 

Placebo 
N = 65 

Alogliptin 
N = 43 

Placebo 
N = 24 

Median age, y 65 65 63 62 
Age ≥65, % 50.8 50.8 41.9 37.5 

Male, % 60.3 53.8 65.1 66.7 
Race, %   White 68.3 69.2 60.5 62.5 

Asian 22.2 18.5 32.6 29.2 
Median diabetes duration, y 15.6 9.9 11.0 5.9 
Insulin use, % 60.3 49.2 37.2 29.2 
Index ACS, %   MI 68.6 71.6 79.8 78.7 

Unstable angina 31.2 28.0 19.8 21.2 
Mean baseline HbA1c, % 8.1 8.0 8.3 8.3 
Median eGFR (MDRD) 
(mL/min/1.73 m2) 53.8 52.1 61.0 68.8 

Median NT-proBNP, pg/mL 2026 2096 1375 1110 
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Treatment  (Alogliptin vs Placebo) 1.097 (0.818, 1.471) 0.538 

Hospitalization for Heart Failure 
Adjusted for Baseline Risk Factors  
Baseline Factors Adjusted  Hazard Ratio (95% CI) P-Value 

History of HF (with vs without) 3.236 (2.312, 4.528) <0.001 

Baseline NT-proBNP (2nd quartile vs 1st quartile)  3.618 (1.207, 10.84) 0.022 

Baseline NT-proBNP (3rd quartile vs 1st quartile)  7.524 (2.630, 21.53) <0.001 

Baseline NT-proBNP (4th quartile vs 1st quartile)  24.70 (8.874, 68.77) <0.001 

Baseline insulin use (Yes vs No) 1.428 (1.057, 1.929) 0.020 

History of MI (Yes vs No) 1.780 (1.287, 2.462) <0.001 

Mild renal impairment at baseline (vs Normal)  1.589 (0.715, 3.533) 0.256 

Moderate renal impairment at baseline (vs Normal)  1.922 (0.851, 4.343) 0.116 

Severe renal impairment/ESRD at Baseline (vs Normal)  2.727 (1.074, 6.924) 0.035 

Age (<65y vs ≥65y ) 1.143 (0.828, 1.576) 0.417 

Sex (Male vs Female) 0.786 (0.570, 1.084) 0.143 

Duration of diabetes (1 year increase) 1.017(0.999, 1.036) 0.064 

Time from index ACS to randomization (1 day increase) 0.995 (0.988, 1.002) 0.143 



CE-29 Biomarkers for CV Death and  
Heart Failure 
 Biomarkers of BNP and NT-proBNP were evaluated as they were 

shown to be indicators of risk for CV death and heart failure in 
EXAMINE 

 Assessment of post-Baseline changes of NT-proBNP is preferred 
over changes in BNP as it is not a substrate for DPP-4 

 Quartiles of Baseline NT-proBNP were defined to assess its relations 
with the primary endpoint, the composite of CV death/HHF and  
its components 

• Q1 =  <154.0 pg/mL 

• Q2 =  ≥154.0 to <420.2 pg/mL 

• Q3 =  ≥420.2 to <1083 pg/mL 

• Q4 =  ≥1083 pg/mL  

 
 

 



CE-30 CV Events by Quartile of Baseline  
NT-proBNP Level 
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CE-31 Changes from Baseline in NT-proBNP  
at 6 Months by Treatment Assignment 

  
 

 
 

 
 

 

. 

-200

-150

-100

-50

0

M
ed

ia
n 

C
ha

ng
e 

fr
om

 B
as

el
in

e 
(p

g/
m

L)
 

Alogliptin
Placebo

        
       

All Patients 

       
       

With History of HF No History of HF 

P=0.082 
P=0.831 P=0.077 

Patients, N 
Alogliptin 2154 596 1558 
Placebo 2130 597 1533 
NT-proBNP at baseline (pg/mL) 
Alogliptin 423 699 376 
Placebo 400 630 340 
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Initiation of Loop Diuretics Following Randomization 
by Heart Failure History at Baseline 
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Patients, N 
Alogliptin 2219 517 1702 
Placebo 2221 512 1709 
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Summary  
 In EXAMINE, rates of MACE were similar for alogliptin and placebo 

and met non-inferiority to rule out excess CV risk in a high-risk 
population 

 Some heterogeneity was observed in subgroup analyses for the 
primary endpoint; this finding was consistent with random variation 

 These observations occurred in the context of a high overall  
CV event rate (>11% over 19 months) and high levels of standard  
of care 

 Rates of CV and all-cause mortality as well as exploratory 
composites that included heart failure were similar in the alogliptin 
and placebo groups 

 Patients with heart failure at baseline and elevated NT-proBNP 
levels at baseline had similar results to the overall EXAMINE cohort 
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123,205 deaths among 820,900 people in 97 prospective studies 
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Alogliptin vs. Placebo on Primary MACE Composite, 
MACE Components & All-Cause Mortality 

Alogliptin 
N = 2701 

n (%) 

Placebo 
N = 2679 

n (%) 
Hazard Ratio 

(95% CI) 
Primary end point:  
CV death, nonfatal MI,  
or nonfatal stroke 

305 (11.3) 316 (11.8) 0.962 (≤1.160)a 

First Event 
 CV death 89 (3.3) 111 (4.1) 0.79 (0.60, 1.04) 

 Nonfatal MI 187 (6.9) 173 (6.5) 1.08 (0.88, 1.33) 

 Nonfatal stroke 29 (1.1) 32 (1.2) 0.91 (0.55, 1.50) 

Any Patient 
CV death  112 (4.1) 130 (4.9) 0.85 (0.66, 1.10) 

Nonfatal MI  188 (7.0) 176 (6.6) 1.07 (0.87, 1.31) 

Nonfatal stroke  30 (1.1) 39 (1.4) 0.81 (0.50, 1.31) 

All Deaths 153 (5.7) 173 (6.5) 0.88 (0.71, 1.09) 

a99% one-sided confidence interval, P<0.001 for non-inferiority. 
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Alogliptin vs. Placebo on Primary MACE and 
HHF Composite, and Individual Components 

 
 

 
 

 Time to first event of CV death, nonfatal MI, nonfatal stroke, hospitalization 
for heart failure (HHF) 

Alogliptin 
N = 2701 

n (%) 

Placebo 
N = 2679 

n (%) 
Hazard Ratio 

(95% CI) P-value 

Composite Endpoint: 365 (13.5) 365 (13.6) 0.998 (0.863, 1.154) 0.98 

First Event 
CV death 79 (2.9) 97 (3.6) 0.80 (0.60, 1.08) 0.15 
Nonfatal MI 173 (6.4) 159 (5.9) 1.09 (0.88, 1.35) 0.45 
Nonfatal stroke 28 (1.0) 29 (1.1) 0.97 (0.58, 1.63) 0.91 
HHF 85 (3.1) 80 (3.0) 1.07 (0.79, 1.45) 0.68 

Any Patients 
CV death  112 (4.1) 130 (4.9) 0.85 (0.66, 1.10) 0.21 
Nonfatal MI  188 (7.0) 176 (6.6) 1.07 (0.87, 1.31) 0.53 
Nonfatal stroke  30 (1.1) 39 (1.4) 0.81 (0.50, 1.31) 0.81 
HHF  106 (3.9)  89 (3.3)  1.19 (0.90, 1.58)  0.22 
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HHF by History of Heart Failure 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 63 (8.2) 1.001 
(0.708 - 1.415) Placebo 65 (8.5) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 43 (2.2) 1.761 
(1.070 - 2.900) Placebo 24 (1.3) 

Patients With No History of HF Patients With History of HF 

No. at risk 
Alogliptin 1930 1709 1446 1083 656 250 
Placebo 1917 1711 1442 1074 662 250 

No. at risk 
Alogliptin 771 643 522 374 200 50 
Placebo 762 635 504 356 193 60 

Alogliptin 
Placebo 

Alogliptin 
Placebo 

Total Alo: 106; Total Pbo: 89 Overall HR 1.193 95% CI (0.900, 1.581) 



CP-13 CV Death and HHF Composite by 
History of Heart Failure 
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Events 
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Hazard Ratio  
(95% CI) 

Alogliptin 107 (13.9) 0.904 
(0.697–1.172) Placebo 120 (15.7) 

Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 94 (4.9) 1.144 
(0.849–1.540) Placebo 81 (4.2) 

No. at risk 
Alogliptin 1930 1709 1446 1085 663 257 
Placebo 1917 1712 1443 1076 665 254 

Patients With No History of HF 

Alogliptin 
Placebo 

No. at risk 
Alogliptin 771 643 522 374 200 51 
Placebo 762 635 505 356 198 60 

Patients With History of HF 

Alogliptin 
Placebo 

 
 

 

Total Alo: 201; Total Pbo: 201 Overall HR 0.997 95% CI (0.820, 1.212) 



CP-14 All-Cause Mortality and HHF Composite  
by Baseline History of Heart Failure 
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Events 
n (%) 

Hazard Ratio  
(95% CI) 

Alogliptin 120 (15.6) 0.909 
(0.711–1.162) Placebo 133 (17.5) 
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Hazard Ratio  
(95% CI) 

Alogliptin 114 (5.9) 1.065 
(0.817–1.387) Placebo 106 (5.5) 

No. at risk 
Alogliptin 1930 1708 1446 1083 656 250 
Placebo 1917 1711 1442 1074 662 250 

No. at risk 
Alogliptin 771 643 522 374 200 50 
Placebo 762 635 504 356 193 60 
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Alogliptin vs. Placebo on Primary MACE and 
HHF Composite, and Individual Components 

 

 
 

 

 Time to first event of CV death, nonfatal MI, nonfatal stroke, hospitalization 
for heart failure (HHF) 
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Alogliptin 365 (13.5) 0.998 
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Adverse Events of Special Interest 

 

 
 

 

Adverse Event, n (%) 
Alogliptin 
N = 2701 

Placebo 
N = 2679 

Pancreatitis, acute 12 (0.4) 8 (0.3) 

Pancreatitis, chronic 5 (0.2) 4 (0.1) 

Hypersensitivity 17 (0.6) 13 (0.5) 

Malignancy 55 (2.0) 51 (1.9) 

Pancreatic cancer 0 0 

Renal dialysis 24 (0.9) 22 (0.8) 

Hypoglycemia 181 (6.7) 173 (6.5) 

Hypoglycemia SAEs 18 (0.7) 16 (0.6) 



CC-3 Changes from Baseline in Liver Enzymes  
for Alogliptin and Placebo 

 

 
 

 

Markedly Abnormal Hepatic Criteria, n (%) 
Alogliptin 
N = 2701 

Placebo 
N = 2679 

ALT >3x ULN 64 (2.4) 46 (1.8) 

ALT >5x ULN 24 (0.9) 19 (0.7) 

ALT >8x ULN 9 (0.3) 5 (0.2) 

ALT 3x ULN and total bilirubin 2x ULN 2 (<0.1) 3 (0.1) 

AST 3x ULN and total bilirubin 2x ULN 2 (<0.1) 4 (0.2) 
ULN – upper limits of normal. 
Note: Liver function tests were monitored at every study visit following randomization, visits occurred every 3 to 4 months.  
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Last Visit 
Renal 
Function 

Baseline Renal Function, n (%) 
Alogliptin 
N = 2701 

Placebo 
N = 2679 

Normal 
N = 394 

Mild 
N = 1507 

Moderate 
N = 677 

Severe 
N = 72 

Normal 
N = 436 

Mild 
N = 1422 

Moderate 
N = 691 

Severe 
N = 75 

Normal 266 (67.5) 173 (11.5) 3 (0.4) 0 304 (69.7) 195 (13.7) 4 (0.6) 0 

Mild 126 (32.0) 1123 (74.5) 148 (21.9) 0 129 (29.6) 1054 (74.1) 169 (24.5) 3 (4.0) 

Moderate 2 (0.5) 209 (13.9) 475 (70.2) 14 (19.4) 3 (0.7) 172 (12.1) 474 (68.6) 13 (17.3) 

Severe 0 2 (0.1) 51 (7.5) 58 (80.6) 0 1 (0.1) 44 (6.4) 59 (78.7) 

Shifts in Renal Function from Baseline 
to Last Visit 

 Shifts in renal function from mild to moderate and moderate to severe, 
were similar between alogliptin and placebo 

  
 

 
 

 
   

  

 
   

  

 
 

 

   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

  
   

 
 
 

  
  

  
 

 
 

  
   

 
 
 

  
 

  
 

   
 

 
 

  
 

 
 

  
 

 
 

  
 

  
 

      
 

 
    

 
  
 

  
 



CC-5 Renal Function Parameters for 
Alogliptin and Placebo 

 

 
 

 

Markedly Abnormal Renal Criteria, n (%) 
Alogliptin 
N = 2650a 

Placebo 
N = 2624a 

BUN >3x ULN 68 (2.6) 73 (2.8) 

Serum creatinine increase >1.5x baseline 185 (7.0) 157 (6.0) 

Serum creatinine increase ≥2x from baseline 54 (2.0) 49 (1.9) 

Serum creatinine increase >0.3 mg/dL from baseline 411 (15.5) 339 (12.9) 

Serum creatinine >2.0 mg/dL 183 (6.9) 161 (6.1) 

MDRD formula 

eGFR decrease >25% from baseline 560 (21.1) 491 (18.7) 

eGFR decrease >50% from baseline 74 (2.8) 64 (2.4) 

aPatients with a post-baseline value.  Total patients randomized in study: Alogliptin = 2701; Placebo = 2679.  
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EXAMINE Conclusions  
EXAMINE results rule out excess CV risk, strengthen the favorable 
benefit-risk profile of alogliptin, and further support its use for the 
treatment of patients with T2D: 

 Well conducted CV outcomes trial in a high-risk, T2D population 

 CV risk was not increased with alogliptin treatment compared with 
placebo based on the conventional MACE composite endpoint of  
CV death, MI, and stroke 

 Pattern of subgroup heterogeneity suggests random variation and 
supports the generalizability of results observed in the overall population  

 Evaluation of heart failure burden, including mortality, did not indicate a 
clinically meaningful increased risk of heart failure 

 Assessment of renal safety and other adverse events of special interest 
did not identify any new safety signals  
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EXAMINE: Percentage of Study Completers* 

Patients Randomized 
N = 5380  

Alogliptin 
n = 2701 

Placebo 
n = 2679 

Completed Study: 95.4% (N = 2578)  
Non- completers: 4.6% (N = 123) 

Lost to follow-up  0.3% (N = 9) 
Withdrew consent 3.1% (N = 85) 
Other 1.1% (N = 29) 

Lost to follow-up 0.6% (N = 16)  
Withdrew consent 3.3% (N = 89)  
Other     0.7% (N = 20 ) 

Completed Study: 95.3% (N = 2554)  
Non- completers: 4.7% (N = 125) 

 
 

 
 

* At end of study  visit/ end of study telephone contact confirming whether any  AE/SAEs  were reported since last visit. 
All   AEs/SAEs that met the predefined SMQ for CV events/ all deaths were submitted for adjudication 



EE-15 

No. at risk 
Alogliptin 2701 2325 1914 1411 829 294 
Placebo 2679 2308 1902 1388 814 285 

Time to First Nonfatal MI 

0

5

10

15

20

0 6 12 18 24 30

C
um

ul
at

iv
e 

In
ci

de
nc

e 
of

 E
ve

nt
s 

(%
) 

Months 

All First Nonfatal MI 

Alogliptin 

Placebo 

Events 
n (%) 

Hazard Ratio  
(CI) 

Alogliptin 188 (7.0) 1.068 
(0.869 - 1.312) Placebo 176 (6.6) 



EE-3 
Primary Adjudicated MACE Composite, Excluding 
MACE that Occur >30 Days Post-Treatment (FAS) 

Alogliptin 
N = 2701 

Placebo 
N = 2679 

Number of Patients with, n (%)     

  Primary MACE composite   272 (10.1)   284 (10.6) 

    CV death    72  (2.7)    92  (3.4) 

    Nonfatal MI   174  (6.4)   163  (6.1) 

    Nonfatal stroke    26  (1.0)    29  (1.1) 

Results from the Cox Proportional Hazards Modela     

    Hazard ratio (Alogliptin to Placebo) 0.948 

    1-sided P-valueb 0.262 

    Repeated 1-sided CIc (0, 1.154) 

Note: Primary MACE composite consists of CV death, nonfatal MI, and nonfatal stroke.  
aTime from randomization to the first occurrence of any event in primary MACE composite was fit using the Cox proportional hazards 
model with treatment as the single factor, stratified by screening renal function and geographic region.                                                                                                
bP-value corresponds to the superiority test.                                                                      
cRepeated 1-sided confidence interval (CI) corresponds to the non-inferiority tests. 

 
 

 



HF-16 Sensitivity (On Treatment) Analysis of 
Composite of CV Death And HHF 

Number of Patients, n (%) 
Alogliptin      
N = 2701    

Placebo         
N = 2679  

HR  
(95% CI) 

Primary analysis (ITT) 201 (7.5) 201 (7.4) 0.997    
(0.820, 1.212) 

Excluding events that occur 
>30 Days Post-Treatment 172 (6.4) 173 (6.5) 

0.981        
(0.795, 1.211) 

Excluding events that occur 
>7 Days Post-Treatment 149 (5.5)  151 (5.6)  

0.972      
(0.776, 1.218) 



EE-41 On Treatment Analysis of CV Death  
and All-Cause Mortality 

CV Death All-Cause Mortality 
Alogliptin      
N = 2701    

Placebo          
N = 2679  

Alogliptin      
N = 2701    

Placebo         
N = 2679  

Intent to Treat analysis 
(ITT) N (%),  
HR (95% CI) 

112 (4.1) 130 (4.9) 153 (5.7) 173 (6.5) 

0.85 (0.66, 1.10) 0.88 (0.71, 1.09) 

Excluding Events >30 days 
post treatment N (%),  
HR (95% CI) 

86 (3.2)  104 (3.9) 108 (4.0)  133 (5.0) 

0.81 (0.61, 1.08) 0.80 (0.62, 1.03) 

Excluding Events > 7 days 
post treatment N (%),  
HR (95% CI)  

69 (2.6)  84 (3.1)  87 (3.2)  104 (3.9)  

0.81 (0.59, 1.11) 0.82 (0.62, 1.09) 
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0 0.5 1 1.5 2

Composite of CV Death and HHF – 
Subgroup Analyses by Demographics (1) 

<65 years 
≥65 years 

Baseline age 

Hazard Ratio 
Favors Alogliptin Favors Placebo 

Subgroup 
Alogliptin 

n (%)a 
Placebo  
n (%)a 

Male 

Female 

Sex 

White 
Non-white 

Race 

p-valueb 

0.686 

0.059 

0.609 

US, Canada 
Mexico, Central/South America 

Geographic  
region 

Asia/Pacific 

Western Europe, Australia,  
New Zealand, Middle East 
Eastern Europe, Africa 

0.004 

aN = total number of patients in subgroup, % = percent of patients with an event within the subgroup. 
bTreatment interaction p-value. 

98 (5.7) 97 (5.6) 
103 (10.6) 104 (11.1) 

128 (7.0) 110 (6.0) 
73 (8.4) 91 (10.6) 

137 (7.0) 131 (6.7) 
64 (8.7) 70 (9.5) 

35 (8.2) 32 (7.5) 
61 (8.7) 50 (7.2) 

34 (4.5) 60 (8.0) 
40 (7.9) 44 (8.7) 

31 (9.9) 15 (5.0) 

<30 kg/m2 

≥30 kg/m2 
Baseline BMI 116 (7.4) 124 (7.7) 

85 (7.5) 77 (7.2) 0.611 

 
 

 
 

 

 
 

 

Overall 



EE-84 No Baseline Factors Confounded  
Geographic Region by Treatment Interaction 
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Finland

Italy

France

Portugal

Germany

United States
United Kingdom

Canada

Israel

New Zealand

Belgium

Spain

0.03125 0.0625 0.125 0.25 0.5 1 2 4 8 16 32 64

Examine Primary Endpoint by Country:  
NA and West EU/Aus/NZ/M East  



IB-54 

Revascularization by Region: 
Within 7 Days  

Post Index Event 

Type of 
Revascularization 

Index ACS 
Event 
Type 

US/Canada  
N = 853 

Mexico,                
Cen/ S. 
America  
N= 1393 

W. EU, 
AUS, NZ, 

ME 
N=616 

E.EU/Africa 
N=1508 

Asia Pacific  
N=1010 

Coronary Artery 
Bypass Graft 
Procedure, n (%) 

Myocardial 
Infarction 52 (6.1) 15 (1.1) 8 (1.3) 15(0.9) 7 (1.4) 

Unstable 
Angina 21 (2.5) 8 (0.6) 5(0.8) 5(0.3) 5 (1.0) 

Percutaneous 
Coronary 
Intervention (PCI), 
n (%) 

Myocardial 
Infarction 414 (48.5) 453 (32.5) 348 (56.4) 473 (33.5) 422 (41.7) 

Unstable 
Angina 102 (12.0) 86 (6.2) 60 (9.7) 98 (6.5) 105 (10.4) 

Total, n (%) 589 (69.1) 562 (40.3) 421 (68.3) 591 (39.1)  539 (53.3) 



IB-65 Addition of Anti-Diabetic Medication 
During Study /Insulin Discontinuation 
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