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No. Design Period
(weeks)

up 
Period
(weeks)

Arm Population

1245.28 Phase 3, 
stratified by 
screening HbA1c 
level, renal 
eGFR and region

104 1 Empa+Met: 765 
patients;
Glime+Met: 780 
patients 

T2DM and 
insufficient 
glycemic 
control

1245.49 Phase 3, insulin 
along or with 
metformin 

52 4 Empa 10 mg insulin+/-
met: 186 patients; 
Empa 25 mg insulin +/-
met: 189 patient;  
Placebo+ insulin +/-
met: 188 patients

T2DM 
inadequately 
controlled on  
Multiple daily 
injections

1276.10 Phase 2b, 
stratified by 
HbA1c screening 
level, screening 
renal function 
eGFR, and 
region 

16 1 Empa 12 mg bid +Met: 
215 patients; Empa 25
mg qd + Met: 214 
patients;  Empa 5mg 
bid+ Met: 215 patients; 
Empa 10 mg qd+ Met: 
214 patients;  
Placeb+Met: 107 
patients 

T2DM and 
insufficient 
glycemic 
control

2.2 Data Sources 
The data and the final study report were submitted electronically as an eCTD submission. The 
submission was archived at the following link: \\CDSESUB1\evsprod\NDA206111\206111.enx >.
The information needed for this review was obtained from Module 1 FDA regional information, 
Module 2.5 Clinical Overview, Module 2.7 Clinical Summary, and Module 5 Clinical Study 
Report.  All tables and figures in this review were created by this reviewer unless noted 
otherwise.

3 STATISTICAL EVALUATION
3.1 Data and Analysis Quality 

All required documents necessary for conducting a statistical review were submitted.  The 
reviewer requested software code from the sponsor to validate the analyses.  The datasets for the 
three clinical trials were found to be in good organization and were provided as an ,xpt files. The 
analysis datasets included both derived and enriched data (such as formatted variables, derived 
endpoint, data imputation information, etc.)  Across trials the variables for the primary analysis 
were consistently named. I was able to produce the results on the primary endpoints and 
secondary endpoints presented in the individual Clinical Study Report.
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3.2 Evaluation of Efficacy 

3.2.1 Study Design and Endpoints

The primary efficacy endpoint was the change from baseline in HbA1c at a specified time point in 
all 3 clinical trials.  For study 1245.28, the primary efficacy endpoints were at week 52 and 104; 
for study 1245.49, the primary efficacy endpoint was at week 18; for study 1276.10, the primary 
efficacy endpoint was at week 16. 

All key secondary efficacy endpoint in 2 Phase III studies were summarized in Table 2, which 
were tested in hierarchical order. 

. 
Table 2 Summary of Key Secondary Endpoints for Reviewed Phase III studies

Hierarchical Testing 
Order

Study 1245.28 Study 1245.49

1
Change from baseline 
in Body weight at 52 
and 104 weeks 

Change from baseline in insulin 
at 52 weeks

2

Occurrence of 
Confirmed symptomatic 
hypoglycaemic events 
during 52 and 104 
weeks 

Change from baseline in body 
weight at 52 weeks 

3

Change in blood 
pressure (SBP and DBP) 
from baseline at 52 and 
104 weeks 

Change from baseline in HbA1c 
at 52 weeks 

The secondary efficacy endpoints for study 1276.10 included: the change from baseline in fasting 
plasma glucose (FPG) at week 16; the change from baseline in HbA1c over time. 

3.2.2 Statistical Methodologies

Analysis Method

The sponsor used analysis of covariance (ANCOVA) model to conduct the primary analysis of 
the HbA1c change from baseline. The model included baseline HbA1c as covariate, treatment and 
stratification factors (eg. renal function, region, background antidiabetic therapy) as fixed effect. 
Missing data were imputed by using last observation carried forward (LOCF) method. For the key 
secondary endpoints analysis, ANCOVA model was performed for the change of each key 
secondary endpoint from baseline, where the model was similar to the model in primary analysis. 

Hypothesis Testing 
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Study 1245.28 
Ho1: Empagliflozin 25mg is inferior to Glimepiride in change of HbA1c from baseline 
Ha1: Empagliflozin 25mg is not inferior to Glimepiride in change of HbA1c from baseline
If non-inferiority for HbA1c was established, superiority on the key secondary efficacy endpoints 
will be then tested. 

Study 1245.49
Ho1: No difference in change of HbA1c between Empagliflozin10 mg and placebo 
Ha1: A difference in change of HbA1c between Empagliflozin 10 mg and placebo
Ho2:  No difference in change of HbA1c between Empagliflozin 25 mg and placebo
Ha2: A difference in change of HbA1c between Empagliflozin 25 mg and placebo

Each of the hypotheses will be tested at 2.5% (two-sided). Subsequent tests were done only for 
exploratory purpose at 5% level. All other hypotheses on secondary endpoint were specified to 
maintain the family wise error at each side of 2.5% level.

Study 1276.10 
Ho1: Mean Change from baseline in HbA1c after 16 weeks of treatment with Empagliflozin 5 mg 
twice daily is greater than that of treatment with Empagliflozin 10 mg once daily by 0.35%
Ha1: Mean change from baseline in HbA1c after 16 weeks of treatment with Empagliflozin 5 mg 
twice daily is less than that of treatment with Empagliflozin 10 mg once daily by 0.35% 

And

Ho2: Mean Change from baseline in HbA1c after 16 weeks of treatment with Empagliflozin 12.5
mg twice daily is greater than that of treatment with Empagliflozin 25 mg once daily by 0.35%
Ha2: Mean change from baseline in HbA1c after 16 weeks of treatment with Empagliflozin 12.5
mg twice daily is less than that of treatment with Empagliflozin 25 mg once daily by 0.35% 

Non-inferiority margin was chosen based on the analysis results of study 1245.10, where the 
overall treatment effects of Empagliflozin 25mg and Empagliflozin 10mg were around -0.70%.   
Hochberg procedure was applied to control the family-wise type I error at 2.5% (one-sided). 
Superiority tests of Empagliflozin over placebo were conducted to demonstrate assay sensitivity 
against placebo at 5% level (two-sided). 

Analysis Population

All primary analyses of efficacy endpoints were conducted on full analysis set (FAS) unless 
otherwise indicated. The FAS included all randomized subjects and treated patients who had a 
baseline HbA1c value. Sensitivity analyses of the primary endpoint provided by the sponsor were 
performed on per-protocol sets with specified endpoints and completer sets to evaluate the 
influence of important protocol violations and premature discontinuations. The per-protocol set 
compromised of all patients in the FAS without important protocol violations leading to exclusion 
prior to the endpoint. The completer set excluded patients who prematurely discontinued prior to 
the endpoint and who completed required the minimum treatment duration. 
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Missing Data and Sensitivity Analysis 

The sponsor used last observation carried forward (LOCF) approach for the primary analysis to 
handle the missing data due to early discontinuation of study medication. Missing data were 
imputed up to the planned visit to be reached by all randomized patients. Missing values within a 
course of measurements on treatment were interpolated based on the last observed value before 
the missing visit and the first observed value after the missing visit. Baseline values were carried 
forward if no post-randomization were observed. All values observed after rescue medication 
were excluded and imputed using the LOCF method. 

This reviewer notes that the LOCF method is no longer recommended for missing data 
imputation. More details are provided in the 2010 report on missing data by the National 
Academy of Sciences (NAS), the prevention and treatment of missing data in clinical trials. 
Additionally, the primary analysis ignored actual observations after discontinuation of protocol 
therapy. 

Sensitivity analyses reported by the sponsor for the primary efficacy endpoint includes 1) the 
analyses based on observed cases including values on rescue medication (OC-IR), where missing 
data were not imputed and all values observed after a patient started rescue medication were 
included, 2) the analyses based on observed cases (OC), where missing data were imputed using 
multiple imputation , 3) the analyses based on FAS (OC) and FAS (OC-IR) using MMRM 
approach, where the fitted model underlie the assumption of missing at random. Results of 
sensitivity analyses were similar to that of the primary analysis proposed by sponsor. 

This reviewer notes that the sponsor’s sensitivity analysis 3) creates more missing data and 
thereby does not study the limitations of the data or of the primary analysis.

3.2.3 Patient Disposition, Demographic and Baseline Characteristics
Patient Disposition 

According to the sponsor, patients who discontinued study medication before the end of 
treatment were requested to attend scheduled visit continually by the end of study.  

Of study 1245.28, 1549 patients were randomized; 4 patients of Empagliflozin group did not 
have baseline assessment of HbA1c, and 1545 subjects comprised the full analysis set. Patient 
disposition for study 1245.28 was presented in details in Table 3. At 104 weeks, 1055 (68.3%) 
patients were on study medication: 545 (71.2%) patients in Empagliflozin 25 mg group, 521 
(65.4%) patients in the Glimepiride group. A total of 267 patients prematurely discontinued from 
study medication during the 104 weeks of treatment, where 125 (16.3 %) patients were from 
Empagliflozin group and 142 (18.2%) patients were from the Glimepiride group. Total numbers
of patient refusal to take the study medication due to adverse event (AE) versus not due to AE
were similar: 35 patients vs 38 patients in Empagliflozin 25mg group, 34 patients vs 31 patients in 
Glimepiride group. 
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3.2.4.3 Trial 1276.10
Summary of efficacy results for trial 1276.10 was given in the Table 14 and Table 15.  

The primary objective of this Phase IIb trial was to investigate the efficacy of different dosages of 
empagliflozin (twice daily versus once daily) with combination use of metformin. The primary 
efficacy endpoint was the change from baseline in HbA1c after 16 weeks of treatment.
Comparing twice daily dose (Empa 5mg bid, 12.5mg bid) with once daily dose (, the change in 
reduction of hbA1c for both group were comparable. The upper limit 97.5% of confidence 
interval of both comparisons did not exceed the pre-specified non-inferiority margin. The 
reviewer supports the conclusion that twice administration of empagliflozin is not inferior to once 
daily administration in terms of reducing HbA1c. 

Table 14 Summary Analyses Results for Study 1276.10 on HbA1c Change 
Empa 5mg Empa 10mg Placebo 

bid qd
number of subjects 219 220 107
mean baseline HbA1c 
(SE) 7.79 (0.79) 7.83 (0.75) 7.69 (0.72)
change from baseline-
16 weeks -0.74 (0.06) -0.7 (0.06) -0.28 (0.08)
Comparison vs Empa 
10mg qd

difference (97.5 % CI) -0.04 (-0.20, 0.14)
Comparison vs placeb0
difference (95% CI) -0.47 (-0.66,-0.27) -0.43 (-0.63, -0.23)

Reference ID: 3732935
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Empa 12.5mg Empa 25mg Placebo 
bid qd

number of subjects 219 218 107
mean baseline HbA1c 
(SE) 7.78 (0.79) 7.73 (0.79) 7.69 (0.72)
change from baseline-
16 weeks -0.9 (0.06) -0.78 (0.05) -0.28 (0.08)
Comparison vs Empa 
25mg qd
difference (97.5% CI) -0.13 (-0.27, 0.036)
Comparison vs placebo
difference (95% CI) -0.63 (-0.83, -0.42) -0.5 (-0.69, -0.37)

The change from baseline in fasting plasma glucose (PFG) at 16 week was also investigated as 
key secondary endpoint in the study.  The confidence intervals of comparison between twice 
administrated dose and once daily administrated dose included zero. No statistical significant 
difference was found between the two administrations on fasting plasma reduction.   

Table 15 Summary Analyses Results for Study 1276.10 on FPG change
Empa 5mg Empa 10mg Placebo 

bid qd
number of subjects 219 220 107

mean baseline FPG (SE) 162.5 (40.1) 160.8 (40.6) 159.8 (33.9)
change from baseline-
16 weeks -24.7 (2.25) -21.2 (2.02) -3.76 (4.07)
Comparison vs Empa 
10mg qd
difference (97.5 % CI) -3.6 (-9.2, 2.1)

Comparison vs placeb0
difference (95% CI) -21 (-30.0,  -12.0) -17.4 (-26.2,-8.6)

Empa 12.5mg Empa 25mg Placebo 
bid qd

number of subjects 218 218 107

mean baseline FPG(SE) 156.6 (38.6) 157.7 (32.4) 159.8 (33.9)
change from baseline-
16 weeks -31.1 (2.07) -26.2 (2.01) -3.76 (4.07)
Comparison vs Empa 
25mg qd
difference (97.5% CI) -4.8 (-10.2, 0.52)
Comparison vs placebo
difference (95% CI) -27.3 (-36.1, -18.5) -22.5 (-31.3, -13.7)
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As shown in Figure 3, the sensitivity analyses results were similar across different analysis data 
sets. The results showed the same conclusion on non-inferiority of twice daily administration 
when compared to once daily administration of empagliflozin.

Figure 3 Summary of Sensitivity Analyses in Change on HbA1c (ANCOVA) for Study 1276.10 

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

The factors considered for the subgroup analyses included intrinsic factors (age, race, gender, and 
region) and disease-related factors (diabetes duration, baseline HbA1c, renal function).  Some of 
these factors may not be included in the individual study due to limited number of subjects in 
certain subgroup level. 

Subgroup analysis on HbA1c (%) was conducted using mixed model used for the primary 
analysis. Effect estimates were obtained from the model fit to the individual levels that defined 
the subgroup. Subjects in arms not being tested were excluded from the analysis. The analysis 
was performed separately for each study. Subgroup analyses were considered as exploratory, 
which may serve the purpose of hypothesis generating for further testing. Subgroups with number 
of patients less than 20 were excluded from the report.

Empa+Met compared to Glimepiride (Study 1245.28) 
The subgroup analyses results of the efficacy of empagliflozin+metformin compared with 
glimepiride were consistent across the subgroups. No significant heterogeneity of treatment effect 
was found across subgroups (gender, race, and region) for comparisons of empagliflozin 25mg 
+metformin vs glimepiride. For comparison between empagliflozin 25mg and glimepiride, the 
subgroup analysis on age showed greater treatment effect in younger patients than in older 
patients. The p-value for the treatment by age interaction is 0.0012. The adjusted mean 
differences from glimepiride in change of HbA1c from baseline at week 104 were 0.11 (0.06) for 
patients older than 65 and less than 75 years and 0.043 (0.11) for patients older than 75. In age 

Reference ID: 3732935



23

group 50 to 65 years old, the treatment effect was -0.05 (0.04). For patients younger than 50 years 
old, the treatment effect was -0.14 (0.05). 

Figure 4 Subgroup Analysis on Change in HbA1c by Region (Study 1245.28)

Figure 5 Subgroup Analysis of Change in HbA1c by Gender or by Race (Study 1245.28)  
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Twice Daily does / Once Daily does Compared to Placebo (Study 1276.10) 

Comparison of the primary efficacy endpoint in subgroups investigated for twice daily does and 
single daily does were summarized in the following figures. No significant heterogeneity of 
treatment effect was found across subgroups in age, region, and gender. Race was not investigated 
in the subgroup analysis due to that over 85.5% patients were white. 
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Figure 11 Subgroup Analysis on Change in HbA1c (%) by Age (Study 1276.10)

Figure 12 Subgroup Analysis on Change in HbA1c (%) by Region (Study 1276.10)
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Figure 13 Subgroup Analysis on Change in HbA1c (%) by Gender (Study 1276.10)

Figure 14 Subgroup Analysis on Change in HbA1c (%) by Baseline HbA1c (Study 1276.10)
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STATISTICS FILING CHECKLIST FOR NDA 206111

Statistics Filing Checklist for NDA 206111

NDA Number: 206111 Applicant: Boehringer Ingelheim 
Pharmaceuticals 

Stamp Date: August 04, 2014

Drug Name: Empagliflozin/
Metformin FDC                            

NDA Type: 505 (b)(2) Standard

On initial overview of the NDA application for RTF:  Study 1245-0049
Content Parameter Yes No NA Comments

1 Index is sufficient to locate necessary reports, tables, data, 
etc. X

2 ISS, ISE, and complete study reports are available 
(including original protocols, subsequent amendments, etc.) X

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

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

X

IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE? Yes

Comment:  

Please identify and list any potential review issues to be forwarded to the Applicant for the 
74-day letter.

Content Parameter (possible review concerns for 74-
day letter)

Yes No NA Comment

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

X

Appropriate references for novel statistical methodology (if 
present) are included. X

Safety data organized to permit analyses across clinical trials 
in the NDA/BLA. X
Investigation of effect of dropouts on statistical analyses as 
described by applicant appears adequate. X
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Brief Summary of Pivotal Studies

All subjects enrolled in the pivotal studies were patients with type 2 diabetes and 
insufficient glycemic control. The randomization of the pivotal studies was stratified by 
HbA1c, eGFR at visit 1 and geographical region. Subjects were randomized equally to 
either placebo, empagliflozin 10mg, or empagliflozin 25mg.

Trial 1245.23 were composed of two independent studies 1245.23(met) and 1245.23(su), 
where patients received different background therapies (metformin-only or metformin 
with sulfonylurea).  Each study was a 24 week, Phase III randomized, multi-center, 
multi-national, double-blind, placebo-controlled study to investigate safety and efficacy 
of empagliflozin (10mg, 25mg administered orally once daily) compared to placebo. 
Clinical visits were screening (visit 1), Run-in (visit 2), baseline (visit 3), visit 4-6, end of 
treatment (visit 7, at the full 24-week), follow-up (visit 8). For each of the pivotal studies, 
the primary endpoint was the change from baseline in HbA1c after 24 weeks of 
treatment. 

Trial 1245.49 was a phase III, multi-center, randomized, double-blind, placebo-
controlled, parallel group to study the safety and efficacy of empagliflozin compared to 
placebo during 52 weeks in patients on multiple daily injections (MDI) insulin along or 
with metformin. Subjects were randomized equally to either placebo, empagliflozin 
10mg, or empagliflozin 25mg. The primary endpoint is the change from baseline in 
HBA1c after 18 weeks. 
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