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I) SUMMARY 

Original NDA 204-629 for Empagliflozin (BI 10773) was submitted on March 5, 2013 in 
accordance with the regulations set forth in section 505 (b) (1) of the FDC Act.  This 
NDA received a Complete Response (CR) action on March 4, 2014.

On June 3, 2014, the Applicant Resubmitted NDA 204-629 addressing the deficiency 
identified in the action letter dated March 4, 2014. The deficiencies identified in the CR 
letter are not related to Biopharmaceutics.   It is noted that during the first review cycle, 
Biopharmaceutics recommended approval for this NDA.  For details refer to the 
Biopharmaceutics review by Dr. Houda dated November 4, 2013 in DARRTS.    

II) RECOMMENDATION

The Resubmission of NDA 204-629 dated June 3, 2014, does not include any additional 
Biopharmaceutics data for review and from the Biopharmaceutics perspective 
APPROVAL is recommended for the Class 1 Resubmission of NDA 204-629 for 
Jardiance (empagliflozin) Tablets. 

Houda Mahayni, Ph. D.                                              Angelica Dorantes, Ph.D.
Biopharmaceutics Reviewer                                         Biopharmaceutics Team Leader
Office of New Drug Quality Assessment                     Office of New Drug Quality Assessment

cc: DARRTS/Lostritto
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1 Executive Summary 

The sponsor, Boehringer Ingelheim Pharmaceuticals, Inc. (hereafter BI) is seeking 
approval for JARDIANCE® (Empagliflozin) as an adjunct to diet and exercise to 
improve glycemic control in adults with type 2 diabetes mellitus. Empagliflozin is a new 
molecular entity that belongs to the sodium-glucose cotransporter-2 (SGLT2) inhibitor 
class of anti-diabetic agents. Among two other NDAs for SGLT2 inhibitors, 
Canagliflozin (NDA 204042) was approved on March 29, 2013 and Dapagliflozin (NDA 
202293) received a Complete Response (CR) action from the Agency. If approved, 
Empagliflozin will be the second drug in the class of SGLT2 inhibitors. Empagliflozin is 
available as a film coated immediate release tablet formulation in two dosage strengths: 
10 and 25 mg. 

1.1 Recommendation 

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP-2) 
and Division of Pharmacometrics (OCP/DPM) have reviewed the clinical pharmacology 
data submitted in support of NDA 204629 for JARDIANCE® (Empagliflozin) and 
recommend approval of this application.  A Required Office Level OCP briefing was 
held on 10/31/2013 to discuss the review team’s recommendations. OCP recommends the 
following regulatory and labeling actions: 

Regulatory: 

 Recommend approval of both 10 mg and 25 mg once daily doses.  

Dosage and Administration: 

1. Dosing in type 2 diabetic patients with eGFR≥45 mL/min/1.73m2 [Includes 
patients with Normal Renal Function (eGFR ≥90 mL/min/1.73m2), Mild 
Renal Impairment (90>eGFR≥60 mL/min/1.73m2), and Moderate Renal 
Impairment-A (60>eGFR≥45 mL/min/1.73m2)]:  

 The recommended dose for empagliflozin is 10 mg once daily, which can 
be increased to 25 mg once daily. 25 mg once daily dose provides 
additional benefit only in select settings (see Section 14, Clinical Trials); 
therefore, not all patients may get additional benefit by increasing the dose 
to 25 mg once daily dose. Patient tolerability should also be considered 
while increasing the dose to 25 mg once daily. 

2. Dosing in type 2 diabetic patients with eGFR<45 mL/min/1.73m2 (Includes 
patients with Moderate Renal Impairment–B, Severe Renal Impairment and 
End-stage Renal Disease): 

 Do not use empagliflozin because of lack of benefit. 

3. Renal function and volume status should be closely monitored in elderly 
patients and patients with high risk of volume depletion (e.g., on loop 
diuretics, renal impairment). 
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4. No dose adjustment is recommended for patients with hepatic impairment or 
based on pharmacokinetic drug-drug interaction studies with metformin, 
glimepiride, sitagliptin, linagliptin, simvastatin, warfarin, ramipril, digoxin, 
hydrochlorothiazide, torasemide, and oral contraceptives. Even though 
pharmacokinetic drug-drug interactions were not significant, possible impact 
on safety (e.g., incidences of hypoglycemia) following concomitant 
administration of medications need to be considered. For example dose 
adjustments may be needed when empagliflozin is coadministered with 
insulin secretagogues (e.g., sulfonylurea) or insulin to reduce the risk of 
hypoglycemia. 

5. Monitoring of HbA1c levels are recommended when empagliflozin is co-
administered with inhibitors of OAT3 transporter, such as probenecid, and 
UGT enzyme inducers, such as rifampicin. 

1.2 Phase IV Commitments 

None. 

1.3 Summary of Important Clinical Pharmacology Findings 

The clinical development program for empagliflozin was composed of 30 Phase I trials 
and 13 Phase IIb/III trials. Overall, 13767 subjects were treated in these clinical trials, 
6808 patients were treated with empagliflozin for at least 24 weeks, 4415 patients for at 
least 52 weeks, and 1486 patients for at least 76 weeks. In clinical studies, empagliflozin 
was evaluated as mono-therapy and in combination with metformin, metformin plus a 
sulphonylurea, pioglitazone (±metformin), and basal insulin. In addition, sponsor 
conducted a dedicated efficacy/safety trial in type 2 diabetic subjects with renal 
impairment. At the time of NDA submission, the cardiovascular safety trial was ongoing. 
The sponsor assessed the cardiovascular (CV) risk associated with empagliflozin therapy 
by conducting a prospective, pre-specified meta-analysis of independently adjudicated 
cardiovascular events including the interim data from this trial.   

Clinical Pharmacology review of the information submitted by the sponsor, in support of 
their application, revealed the following important findings:  

Dose/Exposure-Response for Efficacy: 

Sponsor proposed a starting dose of 10 mg once daily, which can be increased to 25 mg 
once daily for additional glycemic control.  The adequacy of the proposed dosage 
regimen was evaluated from the dose-response relationship.  

Evaluation of longitudinal (over time) and cross-sectional (across treatments) HbA1c data 
from the placebo-controlled Phase 3 trials showed the following: 

 The HbA1c reduction appeared to reach plateau by Week 24 in the Phase 3 trials, 
thus allowing for a reasonable dose-response evaluation at Week 24. 

 There was lack of evidence of clear dose-response when primary end-point data 
from monotherapy and add on therapy trials was examined (See Figure 1). From 
efficacy perspective, the dose-response data suggests that the use of 25 mg once 
daily dose of empagliflozin does not always produce higher reduction in HbA1c 
than 10 mg once daily. 
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 In case of add on therapy to metformin or add on to metformin+sulfonylurea, the 
responses seen with 10 and 25 mg were similar.  

 In some specific treatment settings, such as when administered as monotherapy, as 
add-on therapy to patients on pioglitazone with or without metformin or as add-on 
to insulin, 25 mg once daily dose offers an additional HbA1c reduction of up to 
0.14% units at population level. 

 There was however, a dose-dependent increase in proportion of patients who 
achieved <7% HbA1c by the time of primary end-point measurement in most of the 
efficacy evaluations. 

 This suggests that in certain treatment settings, the 25 mg dose could provide 
additional benefit for some patients in certain treatment settings. 

The mean (95%CI) change from baseline in HbA1c by treatment from the confirmatory 
Phase 3 trials is shown in Figure 1 below. 

 

 
EMPA = empagliflozin, CI = confidence interval, LOCF = last observation carried forward, 
FAS = Full Analysis Set, MONO= Monotherapy, MET= Metformin, SU = sulfonylurea, PIO 
= Pioglitazone. 

Figure 1 Mean (95%CI) Changes from Baseline in HbA1c (%) at Primary 
Assessment Time-point-LOCF: Study-by-Study Comparison (Phase 3 
Studies: Full Analysis Set). 

Results from the Monotherapy Trial (1245.20):  
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At week 24, the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -
0.08 (0.05)%, -0.66 (0.05)%, and -0.78 (0.05)% for placebo, empagliflozin 10 mg once 
daily, and empagliflozin 25 mg once daily, respectively. Accordingly, the difference 
versus placebo for the adjusted mean change (95%CI) in HbA1c from baseline at Week 
24 was -0.74 (−0.88, −0.59) % for the empagliflozin 10 mg once daily group and -0.85 
(−0.99, −0.71)% for the empagliflozin 25 mg once daily group, showing numerically 
higher HbA1c reduction with the latter. The proportion of subjects who achieved target 
HbA1c levels of <7.0% by Week 24 was higher for the 25 mg once daily dose group 
(43.6%) than the 10 mg once daily dose group (35.3%), while both being higher than 
placebo (12.0%).  

Results from the Add-on therapy Trials:  

Add-on to (pioglitazone ± metformin): In the dual/triple therapy setting in trial 1245.19 
(~25% Add on to pioglitazone and ~75% Add on to pioglitazone plus metformin), the 
adjusted mean change (SE) in HbA1c from baseline at Week 24 was -0.11 (0.07)%, -0.59 
(0.07)%, and -0.72 (0.07)% for placebo, empagliflozin 10 mg once daily, and 
empagliflozin 25 mg once daily, respectively. Accordingly, the difference versus placebo 
for the adjusted mean change (95%CI) in HbA1c from baseline at Week 24 was -0.48 
(−0.66, −0.29) % for the empagliflozin 10 mg once daily group and -0.61 (−0.79, 
−0.42)% for the empagliflozin 25 mg once daily group, showing numerical advantage of 
the latter. The proportion of subjects who achieved target HbA1c levels of <7.0% by 
Week 24 was also slightly higher for the 25 mg once daily dose group (30.0%) than the 
10 mg once daily dose group (23.8%), while both doses being higher than placebo 
(7.7%). 

Add-on to metformin: In the dual therapy setting in trial 1245.23 (Add-on to metformin), 
the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -0.13 (0.05)%, -
0.70 (0.05)%, and -0.77 (0.05)% for placebo, empagliflozin 10 mg once daily, and 
empagliflozin 25 mg once daily, respectively. Accordingly, the difference versus placebo 
for the adjusted mean change (95%CI) in HbA1c from baseline at Week 24 was -0.57 
(−0.70, −0.43) % for the empagliflozin 10 mg once daily group and -0.64 (−0.77, 
−0.50)% for the empagliflozin 25 mg once daily group, showing only slight numerical 
advantage of the latter. The proportion of subjects who achieved target HbA1c levels of 
<7.0% by Week 24 was comparable for the 25 mg once daily dose group (38.7%) and the 
10 mg once daily dose group (37.7%), while both doses being higher than placebo 
(12.5%). 

Add-on to (metformin + sulphonylurea): In trial 1245.23 (Add-on to metformin plus 
sulphonylurea), the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -
0.18 (0.05)%, -0.80 (0.05)%, and -0.77 (0.05)% for placebo, empagliflozin 10 mg once 
daily, and empagliflozin 25 mg once daily, respectively. Accordingly, the difference 
versus placebo for the adjusted mean change (95%CI) in HbA1c from baseline at Week 
24 was -0.64 (−0.77, −0.51) % for the empagliflozin 10 mg once daily group and -0.59 
(−0.73, −0.46)% for the empagliflozin 25 mg once daily group, showing a lack of dose 
response between the two doses. The proportion of subjects who achieved target HbA1c 
levels of <7.0% by Week 24 however, was slightly higher numerically for the 25 mg 
once daily dose group (32.2%) than the 10 mg once daily dose group (26.3%), while both 
doses being higher than placebo (9.3%). 
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Add-on to basal insulin (1245.33, Phase 2b): In add-on to basal insulin trial (Phase 2b, 
1245.33), the adjusted mean differences versus placebo were -0.56% in the empagliflozin 
10 mg group (97.5% CI: -0.78, -0.33) and -0.70% in the empagliflozin 25 mg group 
(97.5% CI: -0.93, -0.47) showing a dose response between the two doses for HbA1c 
reduction. For the key secondary endpoint of basal insulin dose, the adjusted mean 
differences from placebo at Week 78 were -6.66 IU in the empagliflozin 10 mg group 
(97.5% CI: -11.56, -1.77) and -5.92 IU in the empagliflozin 25 mg group (97.5% CI: -
11.00, -0.85). At Week 18, among patients with a baseline HbA1c of 7.0% or greater, 
18.0% of the patients in the empagliflozin 10 mg group and 19.5% of the patients in the 
empagliflozin 25 mg group had attained HbA1c values of less than 7.0% compared with 
5.5% of patients in the placebo group. 

Impact of Renal Impairment on Efficacy 
Results from the Phase 3 Trial in Patients with Renal Impairment (1245.36): 
Consistent with the known mechanism of action of empagliflozin, there is a lower 
reduction in HbA1c levels with increasing degree of renal impairment in subjects with 
type 2 diabetes. The reduction in HbA1c from baseline in subjects with moderate renal 
impairment (1245.36) was of lower magnitude (approximately half) when compared to 
the magnitude observed in type 2 diabetic subjects in trial 1245.20 or add-on therapy 
trials 1245.19 and 1245.23 (majority of subjects were with normal renal function or with 
mild renal impairment) (see Figure 2). 

 
Figure 2 Mean (95%CI) change from baseline in HbA1c by treatment and 
renal impairment subgroup in phase 3 trial 1245.36). 
 
Even though the mean response is lower in type 2 diabetic subjects with mild renal 
impairment compared to those with normal renal function, efficacy of Empagliflozin is 
preserved in these subjects for both 10 mg and 25 mg once daily doses.  
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In type 2 diabetic subjects with moderate renal impairment only 25 mg dose was 
evaluated, limiting any dose-response assessment. However, decrease in HbA1c was 
observed following 24 weeks treatment with empagliflozin. Post-hoc evaluation based on 
baseline renal function showed that this response was primarily driven by subjects with 
eGFR 45 to <60 mL/min/1.73m2 (Figure 2). Based on absolute response, empagliflozin 
showed modest efficacy in patients with eGFR 30 to <45 mL/min/1.73 m2 per se 
[absolute mean (SE) change from baseline in HbA1c of −0.21 (0.07)]. However, placebo 
adjusted response for empagliflozin 25 mg once daily dose (Mean reduction in HbA1c of 
-0.39% unit) seems to be inflated by worsening of HbA1c response in placebo group 
[absolute mean (SE) change from baseline in HbA1c of 0.17 (0.07)] in eGFR 30 to <45 
ml/min/1.73 m2 subgroup.  
Empagliflozin was not efficacious in type 2 diabetic subjects with severe renal 
impairment. 
Dose/Exposure-Response for Safety: 
Empagliflozin causes only modest decreases in eGFR from baseline in a dose-dependent 
manner in patients with normal renal function or mild renal impairment. Overall, among 
patients with mild, moderate (3A and 3B), and severe renal impairment there were more 
patients with decline in eGFR from baseline at week 12 in comparison to placebo. On 
average, the decline in eGFR appeared to regress over time towards baseline.  
In all empagliflozin treated subjects, the adverse event profile of 10 mg once daily and 25 
mg once daily dose was similar except for hypoglycemia incidences being higher with 25 
mg once daily dose.  
 

Figure 3 Dose-response for adverse events in pooled clinical data (SAF-5)  
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 Elderly patients (> 65 year age), patients with moderate or severe renal impairment 

(See Figure 4 below) showed higher susceptibility for hypoglycemia, volume 
depletion, and urinary tract infection AEs for both doses. 

 

Figure 4 Dose-response for adverse events in pooled clinical data (SAF-5) by 
baseline renal function (bottom) 
 

 
 

Acceptability of the proposed dose based on Dose-Efficacy/Safety relationship: 

Type 2 diabetic patients with normal renal function (eGFR ≥90 mL/min/1.73m2) and 
mild renal impairment (90>eGFR ≥60 mL/min/1.73m2): From a benefit perspective, 
there is lack of evidence of clear dose-response when data from monotherapy and add on 
therapy trials was examined. From efficacy perspective, the dose-response data suggests 
that the use of 25 mg once daily dose of empagliflozin does not always produce 
numerically higher reduction in HbA1c than 10 mg once daily, which does not support 
the sponsor’s original proposal of 25 mg once daily dose. However, in some specific 
treatment settings, such as when administered as monotherapy, as add-on therapy to 
patients on pioglitazone with or without metformin or as add on to insulin, 25 mg once 
daily dose offers an additional HbA1c reduction of up to 0.14% units. In addition, there 
was a dose-dependent increase in proportion of patients who achieved <7% HbA1c by 
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the time of primary end-point measurement. Therefore, there is merit in having both 
doses available for use. Placebo adjusted mean reductions in HbA1c (% units) for 
monotherapy/dual therapy/triple therapy Phase 3 trials ranged from -0.48 to -0.74 % units 
and -0.59 to -0.85 % units for 10 mg once daily and 25 mg once daily dose, respectively. 

Notably, most of the diabetic patients need combination therapies in order to get an 
optimal glycemic control and empagliflozin is also likely to be used in background of 
metformin or other antidiabetic therapies. The combination therapy trials that sponsor 
conducted for empagliflozin showed a modest incremental benefit (up to 0.14% unit 
additional reductions in HbA1c) of using 25 mg once daily as compared to the 10 mg 
once daily. Even with lower mean response in comparison to subjects with normal renal 
function, efficacy of empagliflozin was preserved in type 2 diabetes mellitus subjects 
with mild renal impairment with both 10 mg once daily and 25 mg once daily doses.  

On the safety side, there are slight dose-dependent changes in eGFR, whereas both doses 
were essentially similar in their adverse event profiles. 

Therefore, given that dose related benefit is present in select treatment settings along with 
no increase in risk of adverse events for 25 mg once daily dose, compared to the 10 mg 
once daily dose, approval of both 10 mg and 25 mg once daily doses is recommended. 
The recommended dose for empagliflozin is 10 mg once daily, which can be increased to 
25 mg once daily. Although, it has not been established if 25 mg once daily dose provides 
additional benefit in patients who show less than optimal response at 10 mg once daily 
dose, there is a general trend for greater benefit with 25 mg once daily dose in select 
treatment settings. Therefore, some patients may benefit from 25 mg once daily dose and 
for some patients, a lower dose of 10 mg once daily may be sufficient. The dose increases 
above 10 mg once daily should be made only after clinical reassessment including 
assessment of tolerability, and generally should occur at intervals of more than 3 months. 
When dose increase is indicated, the maximum recommended dose is 25 mg once daily. 

Type 2 diabetic patients with moderate renal impairment (60>eGFR≥30 
mL/min/1.73m2): From a benefit perspective, consistent with the known dependence of 
empagliflozin mechanism of action on integrity of the renal function, the 25 mg once 
daily dose showed only a modest efficacy in subjects with moderate renal impairment 
(Figure 2 1245.36 results) when compared to type 2 diabetes mellitus subjects with 
normal renal function or mild renal impairment. The magnitude of response is markedly 
attenuated in the presence of moderate renal impairment. Further, reduction in HbA1c 
(week 24 end-point) from baseline are dependent on dose and baseline eGFR in patients 
with RI (1245.36). 

A post-hoc evaluation of the data from Trial 1245.36, evaluating efficacy in moderate RI 
subgroups using an eGFR cut-off of 45 mL/min/1.73m2, demonstrated that the efficacy in 
patients with moderate renal impairment was primarily driven by the subjects with 
baseline eGFR≥45 mL/min/1.73m2 where, mean (SE) HbA1c reduction with 25 mg once 
daily empagliflozin dose [−0.54 (0.07)] was well separated from placebo [(−0.08 (0.07)], 
showing that efficacy was preserved in these patients although attenuated compared to 
patients with normal renal function. Although 10 mg dose was not directly evaluated in 
this subgroup, based on the dose response observed in other studies the 10 mg dose is 
also likely to be efficacious. 
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On the safety side, there was a trend for decrease in eGFR in patients with moderate renal 
impairment following treatment with empagliflozin. In addition, the susceptibility to 
several adverse events was notably increased with worsening degree of renal impairment. 

In the eGFR 30 to <45 mL/min/1.73m2 subgroup, based on absolute response a modest 
efficacy was observed for the empagliflozin 25 mg once daily dose ; however, placebo 
adjusted response appeared to be inflated by worsening of HbA1c response in the placebo 
group. It is anticipated that the response for the 10 mg once daily dose will be further 
reduced in this subgroup. In addition, it is not certain what factors were responsible for 
the trend of worsening placebo response in eGFR 30 to <45 mL/min/1.73m2 subgroup. 
Note that a similar post-hoc analysis for two other SGLT-2 inhibitors (canagliflozin and 
dapagliflozin) showed that HbA1c response for patients with eGFR 30 to <45 
mL/min/1.73m2 didn’t worsen on placebo treatment. With respect to safety comparison 
between eGFR 45 to <60 mL/min/1.73m2 (generally regarded as Moderate RI-A) and 
eGFR 30 to <45 mL/min/1.73m2 (generally regarded as Moderate RI-B), the latter group 
is likely to experience more adverse events because these patients have relatively poor 
renal function and further reduction in eGFR could bring them closer to severe renal 
impairment group. Patients with severe renal impairment appeared to be more susceptible 
to adverse events, such as confirmed hypoglycemia and volume depletion, even on 
placebo treatment, compared to mild/moderate renal impairment. Therefore, given the 
lack of certainty in efficacy and higher susceptibility towards adverse events, the benefit-
risk does not seem to favor the use of empagliflozin in patients with eGFR 30 to <45 
mL/min/1.73m2.  

Therefore, it is recommended that empagliflozin be only used in patients with eGFR 45 
to <60 mL/min/1.73m2 in a dosage regimen similar to that recommended for patients 
with normal renal function. 

Type 2 diabetes mellitus patients, eGFR<30 mL/min/1.73m2 (Severe Renal 
Impairment and End-stage Renal Disease): For patients with eGFR<30 
mL/min/1.73m2 empagliflozin 25 mg did not show any efficacy. There was a trend for 
decrease in eGFR and higher susceptibility for adverse events in patients with severe 
renal impairment following treatment with empagliflozin. Therefore, empagliflozin use is 
not recommended in patients with eGFR<30 mL/min/1.73m2. 

QT/QTc:  Empagliflozin does not prolong QTc interval. A thorough QT study was 
conducted for Empagliflozin. According to the review by Inter-disciplinary Review Team 
(IRT), the trial was sufficient to rule out significant changes in QTc interval (i.e., upper 
bound of 90% confidence interval excludes 10 ms), as defined by ICH E14 guidance. 

General ADME:  

Absorption: After single dose administration of 10 mg or 25 mg empagliflozin tablet 
formulations under fasted conditions, empagliflozin was absorbed rapidly with a median 
tmax of 1 hour for both doses. Thereafter, plasma levels declined in a biphasic fashion 
with a rapid distribution phase and a slower elimination phase. Empagliflozin exposure 
increased in proportion to the dose. Mean (%CV) AUC0-∞ was 2360 nmol*h/L (26.7%) 
for the 10 mg dose and 5550 nmol*h/L (26.0%) for the 25 mg dose. Mean (%CV) Cmax 
was 377 nmol/L (26.2%) and 867 nmol/L (26.8%) for the 10 mg and 25 mg dose, 
respectively. 
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Distribution: The apparent steady-state volume of distribution ranged from 180-230 L. 
Following administration of an oral [14C]-empagliflozin solution (50 mg; ~100µCi) to 
healthy subjects, the total radioactivity exposure in blood was lower compared to plasma, 
consistent with moderate red blood cell (RBC) partitioning (28.6% to 36.8%) observed in 
vivo. Protein binding of total radioactivity ranged from 80.3% to 86.2%.  

Metabolism: No major metabolites of empagliflozin were detected in human plasma and 
the most abundant metabolites were three glucuronide conjugates (2-O, 3-O, and 6-O 
glucuronide). Systemic exposure of each metabolite was less than 10% of total drug-
related material. O-dealkylation gave rise to metabolite M380/1 (EX 609), an active 
metabolite of empagliflozin, which was not detected in plasma after single oral doses of 
0.5 to 50 mg empagliflozin; only partial profiles were obtained at doses of 100 to 800 mg 
empagliflozin. At the highest dose level, the EX 609 metabolite exposure (AUC and 
Cmax) was approximately 0.12% of the parent drug. The total fraction of EX 609 
excreted in urine ranged from 0.02 to 0.05% of the administered empagliflozin dose. In 
vitro studies suggested that the primary route of metabolism of empagliflozin in humans 
is glucuronidation by the uridine 5'-diphospho-glucuronosyltransferases UGT2B7, 
UGT1A3, UGT1A8, and UGT1A9. 

Elimination: The typical apparent terminal elimination half-life of empagliflozin was 
12.4 h and typical apparent oral clearance was 10.6 L/h. Mass balance study showed that 
overall drug related radioactivity recovered in urine and feces over the 168 h study period 
was 95.6%. A mean of 54.4% of the dose was excreted in urine and 41.2% was excreted 
in feces. Approximately 50% of the drug related radioactivity excreted in urine was 
unchanged parent (28.6%). PKPD studies in subjects with normal renal function in 
general showed that fraction of empagliflozin dose excreted unchanged ranged from 13-
18%. With once-daily dosing, steady-state plasma concentrations of empagliflozin were 
reached by the fifth dose. Consistent with half-life, up to 22% accumulation of 
empagliflozin was observed.  

Intrinsic Factors (Body weight, Age, BMI, Gender, Race, and Genetics etc.) 
Affecting Exposure:  
 

The population pharmacokinetic/pharmacodynamic analyses were conducted for 
empagliflozin. The effects of various covariates e.g. eGFR, body weight, age, BMI, race, 
and gender on empagliflozin PK parameters were evaluated in this analysis. Overall, the 
findings do not warrant for any dose-adjustments of Empagliflozin based on any of these 
covariates.  

Elderly patients: Empagliflozin clinical program provided safety and efficacy 
information on patients above 65 years of age. Although age was a significant covariate 
for clearance of empagliflozin, the finding could be confounded by the known decrease in 
renal function with age. Nevertheless, empagliflozin is expected to accumulate to a 
greater extent in elderly than young adults. However, the elderly population is susceptible 
to adverse events that are related to mode of action of the drug rather than the systemic 
exposure of drug.  This susceptibility is increased if renal impairment is present in the 
elderly population. With the dosing recommendation of limiting the use of empagliflozin 
in eGFR ≥ 45 ml/min/1,73m2, empagliflozin will not be used in elderly patients with 
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relatively poor renal function (eGFR<45 ml/min/1,73m2), which will likely reduce the 
occurrence of adverse events in these patients. In addition, the recommended dose for 
treatment initiation being 10 mg once daily should also minimize the risk for adverse 
events in this population. 

Renal Impairment: In patients with mild (eGFR: 60 to <90 mL/min/1.73m2), moderate 
(eGFR: 30 to <60 mL/min/1.73m2), and severe (eGFR: <30 mL/min/1.73m2) renal 
impairment and patients with kidney failure/ESRD patients, AUC of empagliflozin 
increased by approximately 18%, 20%, 66%, and 48%, respectively, compared to patients 
with normal renal function (eGFR: >=90 mL/min/1.73m2). Peak plasma levels of 
empagliflozin (i.e., Cmax) were approximately 20% higher in subjects with mild and 
severe renal impairment and were similar in subjects with moderate renal impairment and 
kidney failure/ESRD compared to patients with normal renal function. The 
pharmacodynamic effect assessed from urinary glucose excretion decreased in parallel 
with the decrease in empagliflozin renal clearance and glomerular filtration rate (see 
Figure 19). The systemic exposure increase did not result in increase in effect, as 
expected, because   the primary mechanism of action of empagliflozin is dependent on 
the functional integrity of renal filtration/reabsorption. Dosing recommendations in 
patients with renal impairment are discussed above. 

Hepatic Impairment: In subjects with mild, moderate, and severe hepatic impairment, 
categorized according to the Child-Pugh classification, AUC0-inf of empagliflozin 
increased approximately by 23%, 47%, and 75% and Cmax by approximately 4%, 23%, 
and 48%, respectively, compared to subjects with normal hepatic function. There was an 
increase in the fraction of drug excreted in urine without any effect on amount/rate of 
urinary glucose excretion. Therefore, no dose adjustments are warranted in patients with 
hepatic impairment. 

Extrinsic Factors: 

Food Effect: On average the extent of absorption (AUC0-∞/AUC0-tlast) was 16% lower 
and peak exposure (Cmax) was 27% lower under fed conditions. In the phase 3 trials, 
patients were instructed to take their trial medication once daily in morning with water. 
Further, to ensure a dosing interval of about 24 hour, patients were asked to take the trial 
medication at about the same time every day, taken with or without food. Therefore, 
empagliflozin can be administered with or without food similar to the way it was tested in 
Phase 3 trials. 
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Effect of Co-administered Drugs on Empagliflozin (Drug-drug Interactions):  

Clinical DDI investigations were conducted at the 25 to 50 mg dose (except as noted) 
with representative medications from anti-hypertensive, anti-diabetic and lipid-lowering 
classes.  

Co-administration of various representative drugs did not affect the exposure of 
empagliflozin in a clinically meaningful way (see Figure 5 below).   

Co-administration with probenecid resulted in about 30% decrease in fraction of 
unchanged empagliflozin excreted in urine (20% to 14%) without any effect on UGE0-
24h. Notably, 14% Fe was still in maximal region of Fe0-24h – UGE0-24h relationship 
seen in PKPD studies (see Figures 12 and 13). However, similar reductions in Fe (%) in 
patients with renal impairment could further jeopardize the pharmacodynamic response. 
Therefore, even if the PK change is not clinically relevant, the relevance of PD effect 
cannot be disregarded for patients with renal impairment. Therefore, we recommend that 
HbA1c levels are monitored when using empagliflozin in type 2 diabetic patients with 
renal impairment who are taking OAT3 inhibitors such as probenecid (as monotherapy or 
its combination products).  

DDI evaluation with rifampicin was conducted in a single-dose setting, which was 
sensitive for detecting the inhibition of OATP1B1 mediated uptake in liver and 
consequent increase in Cmax and AUC of empagliflozin. However, in absence of a 
multiple-dose DDI study with rifampicin, the effect of UGT enzyme induction by 
rifampicin on empagliflozin exposure is not evaluated. Therefore, we recommend that 
HbA1c levels should be monitored when using empagliflozin in type 2 diabetic patients 
who are taking rifampicin or other inducers of UGT2B7, UGT1A3, UGT1A8, and 
UGT1A9. 

When co-administered with diuretics (hydrochlorthiazide or torasemide) the urine 
osmolality and urine volume were increased after treatment with empagliflozin alone and 
with a diuretic, while diuretics alone had no apparent effect. Mean urine volume was 
higher (341 mL/day) than baseline after single doses of empagliflozin and tended to be 
higher (135 mL/day) than baseline after multiple doses of empagliflozin. At baseline, 
mean micturition frequencies were 4 to 5 voids in the day and 3 voids at night. On the 
first and fifth days of empagliflozin treatment, daytime micturition increased to about 6 
voids per day while night-time micturition frequency was similar to baseline. The mean 
increase in total micturition frequency was about 1 to 2 voids per day. Treatment with 
hydrochlorthiazide or torasemide tended to increase both urinary glucose excretion and 
fasting serum glucose levels. When empagliflozin was added to either diuretic, the effects 
on urinary glucose excretion were maintained while the reductions in the fasting serum 
glucose concentration were less pronounced than when empagliflozin was given alone. 
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Figure 5 Effect of co-administered drugs on empagliflozin pharmacokinetics. 

 

Effect of Empagliflozin on Co-administered Drugs: 

Empagliflozin had no clinically relevant effect on the PK of metformin, glimepiride, 
sitagliptin, linagliptin, simvastatin, warfarin, ramipril, digoxin, hydrochlorothiazide, 
torasemide, and oral contraceptives when co-administered with empagliflozin (see Figure 
6 below). No dose adjustments are warranted for these drugs when co-administered with 
empagliflozin based on PK drug interaction studies or change in systemic exposure. 
However, concomitant use of certain drugs with empagliflozin may increase the risk for 
hypoglycemia (e.g. insulin secretagogue or insulin) or volume depletion (e.g. diuretics) 
and may require dose adjustments or use with caution (see Clinical Review by Dr. 
William Chong for further details). 
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Figure 6 Effect of empagliflozin on pharmacokinetics of co-administered drugs  

 
Bioanalytical Methodology:  
For the clinical pharmacology assessments, empagliflozin concentrations in plasma and 
urine were determined using validated LC-MS/MS assay.  The assays were adequately 
validated for recovery, range, accuracy, precision and sensitivity.  The changes to the 
analytical sites or procedures were adequately supported by partial validation of methods 
whenever necessary. The DDI assessments were also supported by validated analytical 
methods. 
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2 Question Based Review 

2.1 General Attributes 

2.1.1 What are the physicochemical properties of the drug substance and the 
intended commercial formulation of the drug product as they relate to clinical 
pharmacology review? 
 
Empagliflozin is a small molecule drug (Figure 7).  

 

Figure 7 Chemical Structure of Empagliflozin  

The highlights of the physicochemical characteristics are presented in Table 1 below. 
Table 1  Chemistry and Physicochemical Properties of Empagliflozin  
 

Chemical Name 
(IUPAC) 

D-Glucitol,1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-
tetrahydro-3-furanyl]oxy]phenyl] methyl]phenyl]-,(1S) 

Molecular Formula/ 
Weight 

C23H27ClO7 / 450.91 g/mol 

Molecular Weight 450.91 g/mol 

Appearance White to yellowish powder 

Solubility Very slightly soluble in aqueous media at all pH 

Melting Point: 150 ° C 

Log P 1.7 
Chiral Inversion 
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Table 3  Overview of Clinical Pharmacology and Biopharmaceutics for 
Empagliflozin  

Pharmacokinetic (PK) and pharmacodynamics (PD) evaluation in healthy volunteers 

Trial 1245.1  

Trial 1276.9  

Trial 1245.8  

Trial 1245.16  

Trial 1245.79 

Trial 1245.51 

Single rising dose study in Caucasian healthy volunteers  

Once daily vs. twice daily regimen in healthy volunteers  

Human ADME study 

Thorough QT study 

Food-effect and dose-proportionality with final formulation 

Relative BA, final formulation versus trial formulation II 

PK and PD evaluation in patients with T2DM 

Trial 1245 

Trial 1245.4  

28-day multiple rising dose study in Caucasian patients 

4-week repeated dose study in Caucasian patients  

PK and PD evaluation in other populations including Special Populations 

Trial 1245.5  

Trial 1245.44  

Trial 1245.15  

Trial 1245.12  

Trial 1245.13  

Single rising dose study in Japanese healthy volunteers  

8-day multiple dosing study in Chinese patients  

4-week repeated dose study in Japanese patients  

Renal impairment study in Caucasians subjects 

Hepatic impairment study in Caucasians subjects 

Drug-drug interaction studies 

Trial 1245.6  

Trial 1245.7  

Trial 1245.17  

Trial 1245.50  

Trial 1245.18  

Trial 1245.27  

Trial 1245.30  

Trial 1245.63  

With metformin  

With glimepiride  

With pioglitazone 

With pioglitazone  

DDI with warfarin  

DDI with sitagliptin  

DDI with linagliptin  

With simvastatin 

Trial 1245.40 

Trial 1245.43  

Trial 1245.45  

Trial 1245.58  

Trial 1245.83 

Trial 1245.42 

 

Trial 1245.41 

With digoxin  

With verapamil 

With ramipril 

With gemfibrozil 

With rifampicin and probenecid  

With hydrochlorothiazide and 
torasemide (diuretics) 

With OCs (ethinylestradiol and 
levonorgestrel) 

Population pharmacokinetic/pharmacodynamics analysis was performed using data from 
Phase 1 and Phase 3 studies 
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The clinical program for empagliflozin comprised of 30 Phase 1 trials and 13 Phase 2b/3 
trials. Overall, 13767 subjects were treated in these clinical trials, 6808 patients were 
treated with empagliflozin for at least 24 weeks, 4415 patients for at least 52 weeks, and 
1486 patients for at least 76 weeks. In clinical studies, empagliflozin was evaluated as 
monotherapy, and in combination with metformin, glimepiride, pioglitazone, insulin, and 
DPP-4 inhibitors (See Table 4).  
During the clinical development program, the sponsor also assessed the cardiovascular 
(CV) risk associated with empagliflozin therapy by conducting a prospective, pre-
specified meta-analysis of independently adjudicated cardiovascular events. 
 
Table 4  Overview of Clinical Trials for Empagliflozin  

 

Reference ID: 3403875



 NDA 204629 OCP Review Final 23 

2.2.2 Are active moieties and response endpoints measured in pivotal clinical trials 
and clinical pharmacology studies appropriate to assess PK/PD parameters and 
exposure response relationships? 

Empagliflozin: Plasma empagliflozin the major circulating active moiety, and its 
metabolites (minor) were appropriately measured in clinical pharmacology studies and 
Phase2/3 trials. See Section 3.3 for details. 

Hemoglobin A1c (HbA1c): The primary efficacy endpoint in the pivotal Phase 3 trials 
was the change in HbA1c from baseline at week 24. In addition to HbA1c, other 
secondary efficacy endpoints such as fasting plasma glucose (FPG), post prandial glucose 
(PPG) were also evaluated. 

Urinary glucose excretion (UGE): Primary mechanism of action Urinary glucose 
excretion was measured to characterize the pharmacodynamics (PD) activity of 
empagliflozin in clinical pharmacology trials. Urine samples were generally collected 
over several time intervals during the day in these trials. In most of the studies, UGE 
analyses used 24-hour cumulative UGE. 

2.2.3 What are the ADME characteristics of empagliflozin after oral 
administration? 

Absorption: After single dose administration of 10 mg or 25 mg empagliflozin tablet 
formulations under fasted conditions, empagliflozin was absorbed rapidly with a median 
tmax of 1 hour for both doses. Thereafter, plasma levels declined in a biphasic fashion 
with a rapid distribution phase and a slower elimination phase (see Figure 8). 

 

Figure 8 Mean plasma concentration time profile of empagliflozin after single oral 
dose of 10 mg and 25 mg under fasted condition (1245.79) 
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Empagliflozin exposure increased in proportion to the dose. Mean (%CV) AUC0-∞ was 
2360 nmol*h/L (26.7%) for the 10 mg dose and 5550 nmol*h/L (26.0%) for the 25 mg 
dose. Mean (%CV) Cmax was 377 nmol/L (26.2%) and 867 nmol/L (26.8%) for the 10 
mg and 25 mg dose, respectively (see Table 5).  

Table 5 Pharmacokinetic parameters of empagliflozin after single oral dose of 
10 mg and 25 mg tablets under fasted condition (1245.79) 

 
 
Distribution 

The apparent steady-state volume of distribution ranged from 180-230 L. Following 
administration of an oral [14C]-empagliflozin solution (50 mg; ~100µCi) to healthy 
subjects, the total radioactivity exposure in blood was lower compared to plasma, 
consistent with moderate red blood cell (RBC) partitioning (28.6% to 36.8%) observed in 
vivo. Protein binding of total radioactivity ranged from 80.3% to 86.2%.  

Metabolism 

No major metabolites of empagliflozin were detected in human plasma and the most 
abundant metabolites were three glucuronide conjugates (2-O, 3-O, and 6-O 
glucuronide). Systemic exposure of each metabolite was less than 10% of total drug-
related material (Table 6). 

O-dealkylation giving rise to metabolite M380/1 (EX 609), an active metabolite of 
empagliflozin, was monitored in this trial. It was not detected in plasma after single oral 
doses of 0.5 to 50 mg empagliflozin; only partial profiles were obtained at doses of 100 
to 800 mg empagliflozin. At the highest dose level, the metabolite exposure (AUC and 
Cmax) was approximately 0.12% of the parent drug. The total fraction of EX 609 
excreted in urine ranged from 0.02 to 0.05% of the administered empagliflozin dose. 

In vitro studies suggested that the primary route of metabolism of empagliflozin in 
humans is glucuronidation by the uridine 5'-diphospho-glucuronosyltransferases 
UGT2B7, UGT1A3, UGT1A8, and UGT1A9 (Figure 9).  
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Table 6 Metabolite profile of parent empagliflozin and its metabolites in the 
humans following oral dosing of 50 mg [14C]empagliflozin  

 

. 

Figure 9 Metabolism pathways of [14C]-empagliflozin in humans 
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Elimination 

The typical apparent terminal elimination half-life of empagliflozin was 12.4 h and 
typical apparent oral clearance was 10.6 L/h. Mass balance study showed that overall 
drug related radioactivity recovered in urine and feces over the 168 h study period was 
95.6%. A mean of 54.4% of the dose was excreted in urine and 41.2% was excreted in 
feces. Approximately 50% of the drug related radioactivity excreted in urine was 
unchanged parent (28.6%) and approximately 83% of the drug related radioactivity 
excreted in feces was unchanged parent (~34%). PKPD studies in subjects with normal 
renal function in general showed that fraction of empagliflozin dose excreted unchanged 
ranged from 13-18%. With once-daily dosing, steady-state plasma concentrations of 
empagliflozin were reached by the fifth dose. Consistent with half-life, up to 22% 
accumulation of empagliflozin was observed. 

2.2.4 What are the pharmacokinetic and pharmacodynamic characteristics of 
empagliflozin after oral administration and how do they relate to the dose? 

Single Rising Dose PK/PD in Healthy Subjects (adult white males, n=6/dose group): 
In a single rising oral dose (0.5 to 800 mg) study empagliflozin plasma exposure (AUC 
and Cmax) were approximately proportional over the dose range of 0.5 to 800 mg, 
though dose-proportionality for exposure was only observed for the dose range of 2.5 mg 
to 200 mg as the apparent oral clearance was 221 to 245 mL/min (or ~13.5 L/h) for this 
dose range. 

The mean plasma concentration-time and urinary glucose excretion rate-time profiles of 
empagliflozin from single oral doses of 0.5 to 800 mg and exclusively for 10 and 25 mg 
doses in study 1245.001 are illustrated in Figures 10 and 11 below, respectively.  

 

Figure 10 Mean plasma concentration (left) and urinary glucose excretion rate 
(right) versus time profile of empagliflozin (0.5 to 50 mg single oral dose) 
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Figure 11 Mean plasma concentration (left) and urinary glucose excretion rate 
(right) versus time profile of empagliflozin (Only for 10 and 25 mg single oral doses) 

The amount of unchanged empagliflozin in urine was increased almost in proportion over 
the dose range of 0.5 to 800 mg (fraction of drug excreted being fairly constant, 11.0% to 
18.7% of the administered dose of empagliflozin). The amount of glucose excreted 
during first 24 hours exhibited a log-linear relationship with amount of empagliflozin 
excreted during the first 24h interval post-dose (Figure 12). 

 

Figure 12 Observed Ae0-24h glucose in urine versus Ae0-24h empagliflozin in 
urine during first 24h of 72h collection over 0.5 to 800 mg single oral doses 
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An exploratory analysis of PK and PD data, using solver option in excel and a sigmoidal 
emax model suggested an EC50 value of ~1500 nmol, which along with graphical 
evaluation suggest that the UGE0-24h reached a plateau at or above 10 mg dose (Figure 
13).  

 

Figure 13 Observed and predicted Ae0-24 glucose in urine versus Ae 
empagliflozin in urine during first 24h of 72h collection over 0.5 to 800 mg single 
oral doses in healthy subjects 

[Exploratory analysis based on mean data in Excel using solver and a Sigmoidal Emax 
Model: Emax x C/EC50+C)] 

The pharmacodynamic effect of empagliflozin as assessed by urinary glucose excretion 
revealed the following: 

 In a single dose setting, on average the increase in dose resulted in greater 
magnitude of increase in duration of effect in comparison to the increase in 
magnitude of urinary glucose excretion rate, which ranged from 3000 to 5000 
mg/h at maximum above the 0.5 mg dose (Figure 10) 

 Comparison of PK and PD profiles of 10 and 25 mg dose from this study (Figure 
8) indicate numerical, albeit small, difference in Ae0-24h [mean(%CV) 47.9 g 
(13.9) versus 56.5 g (11.6), respectively] in patients with normal renal function 

 PD effect measured as amount of empagliflozin excreted in urine during first 24h 
was correlated to the amount of glucose excreted in urine during first 24h and 
appeared to plateau at dose>=10 mg in patients with normal renal function. 
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Multiple Rising Dose PKPD in Type 2 Diabetic Patients: 

The pharmacokinetics of empagliflozin was similar after administration of a single dose 
(10, 25, or100 mg) on Day 1 and multiple doses at steady-state on Day 28. Following oral 
administration, peak levels reached at approximately 1.5 h after dosing. Plasma 
concentration-time profiles showed a biphasic decline with mean terminal elimination 
half-life of 13.2 to 16.5 h. Consistent with the half-life, up to 22% accumulation was 
observed at steady-state. 

 

Figure 14 Mean plasma concentration-time profile of empagliflozin after single 
oral multiple once daily oral (steady state assessed on Day 27) 

Apparent oral clearance on Day 1 (215 to 223 mL/min or ~13.4 L/h) was consistent to 
that observed on Day 28 (202 to 208 mL/min or ~12.5 L/h), which was also similar to the 
apparent clearance observed in healthy subjects.  

The amount of empagliflozin excreted unchanged in the urine ranged from 17.5% to 
18.3% of the administered dose at steady-state. Renal clearance of empagliflozin was 
similar in all dose groups on both Day 1 (CLR,0-24h; 30.1 to 33.0 mL/min) and Day 9 
(CLR,τ,ss; 36.2 to 37.0 mL/min). 

The summary statistics of pharmacokinetic parameters for empagliflozin are presented in 
Table 7 below. 
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Table 7 Pharmacokinetic parameters of empagliflozin on (a) Day1 and (b) 
Day 2 after multiple once daily oral doses of 10, 25, 100 mg 

(a): Day 1 

 
(b): Day 28 
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The dose-proportionality assessment, based on statistical analysis of empagliflozin PK 
parameters is presented in Table 8 below. Dose-proportionality was evident for 
empagliflozin peak and total exposure over the dose range of 10 to 100 mg once daily. 

Table 8 Dose-proportionality assessment of empagliflozin PK parameters (a) 
on Day 1 and (b) after multiple doses  

(a) After single dose on Day 1 

 
 
(b) After multiple doses: 

 
 
The pharmacodynamic effect of three empagliflozin doses on urinary glucose excretion 
(amount and rate) in subjects with type 2 diabetes is summarized below in Figure 15 and 
Figure 16, respectively. 

 

Figure 15 LS Mean (±SE) change in cumulative amount of UGE (UGE0-24 [mg]) 
from baseline after single (Day 1) and multiple (Days 27 and 28) oral 
doses of empagliflozin or placebo in patients with type 2 diabetes  
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(a) Day 1 

 

(b) Day 27 

 

Figure 16 Mean rate of UGE (Ue0-5, Ue5-12, Ue12-24 [mg/h]) after single (Day 1) 
and multiple (Days 27) oral doses of empagliflozin or placebo in patients 
with type 2 diabetes  

There was significant increase in urinary glucose excretion (both rate and amount) from 
baseline in comparison to placebo for all three dose levels. However, there was no clear 
dose-response for urinary glucose excretion rate at all observation days. The doses seems 
to be comparable for amount of glucose excreted in urine over 24 hour duration (UGE0-
24h) observed after multiple doses, although observations from Day 1 showed a dose-
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dependent increase in UGE0-24h between 10 and 25 mg dose groups. Notably, there was 
no correlation between the amount of empagliflozin excreted and amount of glucose 
excreted in urine over 24-hour duration on Day 27 (Figure 17). These patients were 
mostly with normal renal function (creatinine clearance ranged from 80-230 mL/min) and 
the fraction of empagliflozin excreted in urine was ~18% with mean empagliflozin Ae0-
24h of 4060 nmol for the 10 mg dose on Day 27. Therefore, these doses appear to be at 
the plateau of the exposure-response for the primary pharmacodynamic effect, and may 
suggest that there is no added pharmacodynamic benefit by increasing the dose from 10 
to 25 mg. 

 

Figure 17 LS Mean (±SE) change in cumulative amount of UGE (Ae0-24 [mg]) 
from baseline after single (Day 1) and multiple (Days 27 and 28) oral doses of 
empagliflozin or placebo in patients with type 2 diabetes  

2.3 Exposure Response 

2.3.1 Is there an exposure-response (e.g. dose-response, concentration-response) 
relationship for effectiveness and safety for empagliflozin in T2DM patients? 
 
There is lack of evidence of clear dose-response when data from monotherapy and add on 
therapy trials was examined. From efficacy perspective, the dose-response data suggests 
that the use of 25 mg once daily dose of empagliflozin does not always produce higher 
reduction in HbA1c than 10 mg once daily.  
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The HbA1c reduction appeared to reach plateau by Week 24 in the Phase 3 monotherapy 
trial 1245.20, thus allowing for a reasonable dose-response evaluation at Week 24 (See 
Appendix 4.2 Pharmacometric Review). 

 

The dose-response evaluation showed that in add on to metformin and add on to 
metformin plus sulfonylurea trials, both 10 mg and 25 mg once daily treatments showed 
almost similar response against the placebo group (Figure 1) with modest to no 
separation in mean HbA1c reduction from baseline between the two active treatment 
arms. In some specific treatment settings, such as when administered as monotherapy, as 
add-on therapy to patients on pioglitazone with or without metformin or as add on to 
insulin, 25 mg once daily dose provided an additional HbA1c reduction of up to 0.14% 
units. There was however, a dose-dependent increase in proportion of patients who 
achieved <7% HbA1c by the time of primary end-point measurement (Figure 19). 

This suggests that in certain treatment settings, the 25 mg dose could provide additional 
benefit for some patients.  

 

Figure 18  Time-profiles for adjusted mean (SE) change from baseline in 
HbA1c in Phase 3 monotherapy trial 1245.20  

[Source: Sponsor’s Figure 15.2.1.2.2:5 - HbA1c (%) ANCOVA results over time - 
FAS(LOCF) in Report U12-1517-01 Page 388. Model included treatment, baseline eGFR 
(MDRD), background medication and region as fixed effects and baseline HbA1c as a linear 
covariate.] 
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Figure 19  Proportion of Patients who Achieve <7% HbA1c by End of Trial: 
Study-by-Study Comparison (Phase 3 Studies: Full Analysis Set)  

Efficacy results for Individual trials are summarized in Pharmacometric Review Section 
1.1.1 and Executive Summary. 

Impact of Renal Impairment on Efficacy 

Consistent with the known mechanism of action of empagliflozin, there is a lower 
reduction in HbA1c levels with increasing degree of renal impairment in subjects with 
type 2 diabetes. The reduction in HbA1c from baseline in patients with moderate renal 
impairment (1245.36) was of lower magnitude (approximately half) when compared to 
the magnitude observed in type 2 diabetic subjects majority with normal renal function or 
with mild renal impairment in trial 1245.20 or add-on therapy trials 1245.19 and 1245.23. 

Even though the mean response is lower in subjects with mild renal impairment 
compared to subjects with normal renal function, efficacy of Empagliflozin is preserved 
in these patients.  

In subjects with moderate renal impairment only 25 mg dose was evaluated, limiting any 
dose-response assessment. However, decrease in HbA1c was observed following 24 
weeks treatment with empagliflozin (Figure 2). Overall, in patients with mild renal 
impairment a trend of modest, dose-dependant decrease in HbA1c is observed following 
24 weeks treatment with empagliflozin. In moderate RI, however, this trend is primarily 
driven by changes in HbA1c from baseline in subjects with eGFR 45 to <60 
mL/min/1.73m2 [Adjusted mean (SE) HbA1c change from baseline of −0.54 (0.07) for 
empagliflozin and −0.08 (0.07) for placebo].  

Based on absolute response, empagliflozin showed modest efficacy in patients with 
eGFR 30 to <45 mL/min/1.73 m2 per se [absolute mean (SE) change from baseline in 
HbA1c of −0.21 (0.07)]. However, placebo adjusted response for empagliflozin 25 mg 
once daily dose (Mean reduction in HbA1c of -0.39% unit) seems to be inflated by 
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worsening of HbA1c response in placebo group [absolute mean (SE) change from 
baseline in HbA1c of 0.17 (0.07)] in eGFR 30 to < 45 ml/min/1.73 m2 subgroup. At week 
24, magnitude of change in HbA1c from baseline in subjects with eGFR< 30 
mL/min/1.73m2 appears similar between placebo and treatment groups. 

In summary, from efficacy perspective, the dose-response data suggests that the use of 25 
mg once daily dose of empagliflozin, does not always produce numerically higher 
reduction in HbA1c than 10 mg once daily. In some specific treatment settings, such as 
when administered as monotherapy, as add-on therapy to patients on pioglitazone with or 
without metformin or as add on to insulin, 25 mg once daily dose provides an additional 
HbA1c reduction of up to 0.14% units. The efficacy is lower in presence of renal 
impairment however, preserved in patients with mild renal impairment, and in patients 
with eGFR 45 to <60 mL/min/1.73m2 among moderate renal impairment for the 25 mg 
once daily dose. Further, the efficacy decreases with worsening of renal function. 

Dose/Exposure-Response for Safety (See PM Review for details): 

 Empagliflozin causes only modest decreases in eGFR from baseline in a dose-
dependent manner. On average, the decline in eGFR appeared to regress over time 
towards baseline.  

 In all empagliflozin treated subjects, the adverse event profile of 10 mg once daily 
and 25 mg once daily dose was similar except for hypoglycemia incidences being 
higher with 25 mg once daily dose.  

 Elderly population (> 65 year age) and patients with moderate renal impairment 
showed higher susceptibility for hypoglycemia, volume depletion, and urinary tract 
infection AEs for both doses. 

 
2.2.6 Does empagliflozin prolong the QT or QTc Interval? 

Based on the Interdisciplinary Review Team review of the thorough QT study, no 
significant QTc prolongation effect of empagliflozin (25 mg and 200 mg) was detected in 
the TQT study. The largest upper bounds of the 2-sided 90% CI for the mean difference 
between empagliflozin (25 mg and 200 mg) and placebo were below 10 milliseconds 
(ms), the threshold for regulatory concern as described in ICH E14 guidelines. The 
largest lower bound of the two-sided 90% CI for the ΔΔQTcF for moxifloxacin was 
greater than 5 ms. 

Table 9 The Point Estimates and the 90% CIs Corresponding to the Largest 
Upper Bounds for BI10773 (25 mg and 200 mg) and the Largest 
Lower Bound for Moxifloxacin (FDA Analysis)  
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2.4 Intrinsic Factors 

2.4.1 What intrinsic factors (e.g., weight, gender, race, age, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually) 
and/or response, and what is the impact of any differences in exposure on efficacy or 
safety responses? 
 
The effect of various covariates e.g. Ideal body weight, Weight, Age, BMI, Gender and 
Race was assessed in the population pharmacokinetic analysis.  The details are mentioned 
in the Pharmacometric review under Appendix 4.2.  Highlights of the results for 
empagliflozin are described below: 

 
Figure 20 Effect of various covariates on relative empagliflozin exposure 

(AUCτ,ss/ reference AUCτ,ss) from the population pharmacokinetic 
model   
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According to the sponsor’s analysis, a clinically relevant effect of age, gender or BMI or 
race (Asians versus primarily Whites) on empagliflozin clearance was not evident from 
the data. 

2.4.2 Does the hepatic function affect empagliflozin pharmacokinetics and 
pharmacodynamics? 

In subjects with mild, moderate, and severe hepatic impairment, categorized according to 
the Child-Pugh classification, AUC0-inf of empagliflozin increased approximately by 
23%, 47%, and 75% and Cmax by approximately 4%, 23%, and 48%, respectively, 
compared to subjects with normal hepatic function. 

Table 10 Relative bioavailability of empagliflozin after oral administration of 
single 50 mg dose in subjects with impaired hepatic function vs. 
normal hepatic function 

  

The extent of exposure (AUC0-∞) of all three glucuronide conjugates of empagliflozin 
ranged from ~10% to 11% compared to unchanged parent in subjects with normal liver 
function. Within subjects with hepatic impairment, empagliflozin-2-O- and 
empagliflozin-6-O-glucuronide exposures (AUC0-∞ and Cmax) decreased with the 
degree of hepatic impairment. On the contrary, empagliflozin-3-O-glucuronide exposure 
increased with the degree of hepatic impairment. In subjects with severe liver 
impairment, empagliflozin AUC0-∞ increased by ~75%; whereas, AUC0-∞ of 
empagliflozin-2-O- and empagliflozin-6-O-glucuronides was decreased by ~9% and 
32%, respectively, and empagliflozin-3-O-glucuronide AUC0-∞ increased by roughly 
2.8-fold. 
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Figure 21 Mean cumulative amounts of empagliflozin (left) and glucose (right) 
excreted in urine after oral administration of 50 mg BI 10773 in 
subjects with normal and impaired hepatic functions 

In this study fraction of empagliflozin excreted in urine was also measured. On average, 
there was an increase in the fraction of empagliflozin dose excreted unchanged in urine 
with degree of hepatic impairment; however, at 24 hour post dose the increase ranged 
from 10-18% of the administered dose. Consistent to the PK/PD profile seen in the 
patient PKPD studies, the observed increase in urinary excretion of empagliflozin is not 
expected to increase the urinary glucose excretion (based on Figures 13 and 17). 
Therefore, no dose adjustment is recommended despite of PK changes observed in 
patients with hepatic impairment.  

2.4.3 Does the renal function affect empagliflozin pharmacokinetics and 
pharmacodynamics? 

In patients with mild (eGFR: 60 to <90 mL/min/1.73m2), moderate (eGFR: 30 to <60 
mL/min/1.73m2), severe (eGFR: <30 mL/min/1.73m2) renal impairment and patients with 
kidney failure/ESRD patients, AUC of empagliflozin increased by approximately 18%, 
20%, 66%, and 48%, respectively, compared to patients with normal renal function 
(eGFR: > 90 mL/min/1.73 m2). Plasma Cmax of empagliflozin were similar in subjects 
with moderate renal impairment and kidney failure/ESRD compared to patients with 
normal renal function. Plasma Cmax of empagliflozin was roughly 20% higher in 
subjects with mild, moderate and severe renal impairment as compared to patients with 
normal renal function. Plasma AUC0-inf of empagliflozin was roughly 66% higher in 
subjects with severe renal impairment as compared to patients with normal renal 
function. The changes are not considered clinically relevant and solely based on PK, no 
dosage adjustment would be required in patients with renal insufficiency. 
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Table 11 Relative bioavailability of empagliflozin after oral administration of 
single 50 mg dose in subjects with impaired renal function vs. normal 
renal function 

 

In type 2 diabetes patients with normal renal function, following administration of 50 mg 
dose, mean amount of empagliflozin excreted in urine over 24 hour was 15600 nmol, 
which decreased to 11100, 6910, 2970, 304 nmol in mild RI, moderate, severe RI, and 
ESRD subjects, respectively.  

Similarly, the cumulative amount of glucose recovered in urine decreased with renal 
impairment. The total amount of glucose excreted in urine (change from baseline) over 
24 h in type 2 diabetes patients with normal renal function was approximately 97.6 g, 
which decreased to 61.6, 55.7, 18.3, and 0.8 g in patients with mild, moderate, severe 
renal impairment and kidney failure/ESRD patients, respectively roughly 37%, 53%, 
81%, and 99% lowering of pharmacodynamic response from normal renal function. The 
decrease in glucose excretion matched with the decrease in empagliflozin renal clearance 
and decrease in renal function (as measured by glomerular filtration rate) (see Figure 22). 
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Figure 22 Correlation of empagliflozin excretion (Fe, %) and glucose excretion 
(UGE, g) in urine during 24 hour post-dose (datalabels are individual GFR values)   

2.5 Extrinsic Factors 

 
2.5.1 What is the effect of food on the bioavailability of empagliflozin? 

Single oral dose food effect study with the highest proposed dose of 25 mg showed that 
administration of empagliflozin with high-fat and high calorie meal, caused a slightly 
slower absorption with a median tmax of 2.5 hour versus the median tmax of 1 hour 
observed with administration under fasted conditions (Figure 20). On average the extent 
of absorption (AUC0-∞/AUC0-tlast) was 16% lower and peak exposure (Cmax) was 
27% lower under fed conditions. 
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Figure 23 Mean plasma concentration-time profiles of empagliflozin after 
administration of a single oral 25 mg empagliflozin dose under fasted and fed 
conditions (semi-log scale)   

The results of single dose food effect study are summarized in Table 12 below.  

Table 12 Relative bioavailability (intra-individual comparison) of empagliflozin 
after single oral administration of 25 mg empagliflozin under fed 
versus fasted conditions 

 

In the phase 3 trials, patients were instructed to take their trial medication once daily in 
the morning with water. Further, to ensure a dosing interval of about 24 hour, patients 
were asked to take the trial medication at about the same time every day. Also it was 
specified that empagliflozin can be taken with or without food. Therefore, empagliflozin 
can be administered with or without food similar to the way it was tested in Phase 3 trials.  

2.5.2 Drug-Drug Interactions  

2.5.2.1 What is the CYP inhibition/induction potential of empagliflozin? 

The in vitro enzyme inhibition studies conducted with empagliflozin using human liver 
microsomes demonstrate that: 

 Empagliflozin IC50 values for inhibition of the major drug metabolizing CYP450 
isoforms (CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) were in excess 
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of 150 µM. The glucuronide metabolites also possessed IC50s in excess of 100 
µM for inhibition of these enzymes. 

 Empagliflozin did not inactivate CYP2C9, CYP2D6 and CYP3A4 when 
incubated up to 40 minutes and in concentrations up to 100 µM. 

 
In Vitro Assessment of CYP1A2, CYP2B6, and CYP3A4 Induction Potential of 
empagliflozin in primary cultures of human hepatocytes demonstrated that: 

 Empagliflozin, up to concentrations of 30 µM, produced little change (<5%) in 
the activity of CYP1A2, CYP2B6, and CYP3A4 in comparison to that observed 
with positive controls (3-MC, phenobarbital, and rifampin, respectively).  This 
change in the activity of CYP1A2, CYP2B6, or CYP3A4 was only evident at the 
highest concentration tested (30 μM) and therefore have little potential for 
inducing these drug metabolizing enzymes. 

Thus, empagliflozin is not expected to cause any drug-drug interactions related to 
inhibition/induction of cytochrome P450s. 
 

2.5.2.2 What is the inhibition potential of empagliflozin at human efflux 
transporters (P-gp and BCRP) and Organic Anion Transporters (OATs)? 

In vitro transport studies demonstrated that: 
 In MDCK-MDR1 cells, empagliflozin was a P-gp substrate as demonstrated by a 

rate of secretory transport exceeding its rate of absorptive transport. The secretory 
transport of empagliflozin was completely inhibited by co-incubation with the 
selective P-gp inhibitor, LY335979. The apparent secretory permeability of 
empagliflozin was generally constant at concentrations between 1 μM and 2 mM, 
indicating that the P-gp-mediated efflux of empagliflozin could not be saturated in 
this system. 

 Empagliflozin did not inhibit P-gp as determined in MDCK-MDR1 cells using 
two P-gp probe substrates, taxol and digoxin, which have been shown to interact 
with distinct binding sites on P-gp.  

 Efflux of empagliflozin was only partially inhibited by the P-gp specific inhibitor 
LY335979 in Caco-2 cells, indicating that empagliflozin is a substrate for 
multiple efflux transporters. Additional transport studies conducted in Caco-2 
cells using the BCRP selective inhibitor prazosin indicate that empagliflozin is a 
substrate of BCRP. Thus, empagliflozin is dual substrate of human P-gp and 
BCRP. 

 HEK293 cells transfected with human SLC transporters were used to evaluate the 
potential for empagliflozin to inhibit renal uptake transporters, OAT1, OAT3, and 
OCT2, and other uptake transporters OATP1B1, OATP1B3, and OATP2B1. 

 Results for interaction of empagliflozin with OAT1, OAT3, OCT2, OATP1B1, 
OATP1B3, MRP2 and BCRP are summarized in the table below. 
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Table 13 Interaction of empagliflozin with OAT1, OAT3, OCT2, OATP1B1, 
OATP1B3, MRP2 and BCRP  

 
 Empagliflozin is a substrate of 3 of the 5 major human solute carrier (SLC) 

transporters, including OAT3 (uptake was inhibited by probenecid), OATP1B1 
and OATP1B3 (uptake was inhibited by rifampicin), but was not a substrate of 
OAT1 and OCT2. 

 Empagliflozin uptake was dependent on incubation time and concentration, and 
was saturable in OAT3-, OATP1B1- and OATP1B3-injected oocytes at 300 μM 

 

2.5.2.3 What is the effect of co-administered drugs on the pharmacokinetics of 
empagliflozin? 

Clinical DDI investigations were conducted at the 25 to 50 mg dose (except as noted) 
with representative medications from anti-hypertensive, anti-diabetic and lipid-lowering 
classes. Co-administration of various representative drugs did not affect the exposure of 
empagliflozin in a clinically meaningful way (See Figure 24 below).  The geometric 
mean ratios were close to one and 90% confidence intervals were contained within the 
0.8 to 1.25 interval. However, overall exposure (AUC) of empagliflozin increased by 
1.59-fold following co-administration with gemfibrozil, 1.75-fold with rifampicin 
(OATP1B1 inhibition), and 1.53-fold with probenecid (OAT3 inhibition). Co-
administration with probenecid also resulted in about 30% decrease in fraction of 
unchanged empagliflozin excretion in urine [20% (4280 nmol) to 14% (3060 nmol)] 
without any effect on UGE0-24h. Notably, this study was conducted in subjects with 
normal renal function and 14% Fe (3060 nmol) was still in maximal region of Ae0-24h – 
UGE0-24h relationship seen in PKPD studies (Figures 12 and 17). However, any such 
reduction of Fe(%) in patients with renal impairment could further jeopardize the 
pharmacodynamic response. Therefore, even if the PK change is not clinically relevant, 
the relevance of PD effect cannot be disregarded.  
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Co-administration with probenecid resulted in about 30% decrease in fraction of 
unchanged empagliflozin excreted in urine (20% to 14%) without any effect on UGE0-
24h. Notably, 14% Fe was still in maximal region of Fe0-24h – UGE0-24h relationship 
seen in PKPD studies (see Figures 12 and 13). However, any such reduction of Fe (%) in 
patients with renal impairment could further jeopardize the pharmacodynamic response. 
Therefore, even if the PK change is not clinically relevant, the relevance of PD effect 
cannot be disregarded for patients with renal impairment. Therefore, we recommend that 
HbA1c levels are monitored when using empagliflozin in type 2 diabetic patients with 
renal impairment who are taking probenecid (Monotherapy/Combination products) or 
other OAT3 inhibitors.  

While the single dose DDI evaluation with rifampicin was sensitive in detecting the 
inhibition of OATP1B1 mediated uptake in liver and consequent increase in Cmax and 
AUC of empagliflozin, in absence of a multiple-dose DDI study with rifampicin, the 
effect of UGT induction by rifampicin on empagliflozin exposure is not evaluated. 
Therefore, we recommend that HbA1c levels should be monitored when using 
empagliflozin in type 2 diabetic patients who are taking rifampicin or other inducers of 
UGT2B7, UGT1A3, UGT1A8, and UGT1A9. 

When co-administered with diuretics (hydrochlorthiazide or torasemide) the urine 
osmolality and urine volume were increased after treatment with empagliflozin alone and 
with a diuretic, while diuretics alone had no apparent effect. Mean urine volume was 
higher (341 mL/day) than baseline after single doses of empagliflozin and tended to be 
higher (135 mL/day) than baseline after multiple doses of empagliflozin. At baseline, 
mean micturition frequencies were 4 to 5 voids in the day and 3 voids at night. On the 
first and fifth days of empagliflozin treatment, daytime micturition increased to about 6 
voids per day while night-time micturition frequency was similar to baseline. The mean 
increase in total micturition frequency was about 1 to 2 voids per day. Treatment with 
hydrochlorthiazide or torasemide tended to increase both urinary glucose excretion and 
fasting serum glucose levels. When empagliflozin was added to either diuretic, the effects 
on urinary glucose excretion were maintained while the reductions in the fasting serum 
glucose concentration were less pronounced than when empagliflozin was given alone. 
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Figure 24 Effect of co-administered drugs on empagliflozin pharmacokinetics 

 
2.5.2.4  What is the effect of empagliflozin co-administration on the 
pharmacokinetics of other drugs? 

Empagliflozin had no clinically relevant effect on the PK of metformin, glimepiride, 
sitagliptin, linagliptin, simvastatin, warfarin, ramipril, digoxin, hydrochlorothiazide, 
torasemide, and oral contraceptives when co-administered (see Figure 25). A moderate 
increase in pioglitazone exposure (approximately 36% increase in the overall exposure of 
pioglitazone and its two active metabolites, M-III and M-IV, combined) was observed in 
one of two trials when pioglitazone was co-administered with 50 mg empagliflozin. In 

Reference ID: 3403875



 NDA 204629 OCP Review Final 47 

the second more robust drug-drug interaction study with pioglitazone, only a slight 
decrease in exposures of pioglitazone and its two active metabolites were observed with 
three different doses of empagliflozin (10, 25, and 50 mg) . 

Figure 25 Effect of empagliflozin on pharmacokinetics of co-administered drugs  
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Table 15 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin and EX 609 in human plasma (Assay validation 
performed at Boehringer Ingelheim Pharmaceuticals, Inc.)  

 

Table 16 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin and EX 609 in human urine (Assay validation 
performed at Boehringer Ingelheim Pharmaceuticals, Inc.)  
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Table 17 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin in human plasma (Assay validation performed at 

  

 
Table 18 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin in human urine (Assay validation performed at 
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Table 19 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin in human plasma (Assay validation performed at 

  

 
Table 20 Summary of validation results of bioanalytical assays for the 
quantitation of empagliflozin in human urine (Assay validation performed at 

)  
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Table 21 Summary of cross validation results of bioanalytical assays for the 
quantitation of empagliflozin in human plasma (Assay validation performed at 

 and cross validated with .)  

 
Table 22 Summary of non-GLP assay results for the quantitation of 
empagliflozin glucuronides in human plasma (Assay performed at Boehringer-
Ingelheim Pharmaceuticals, Inc.)  

 
 
Assays utilized for quantitation of co-administered drugs in the DDI studies (plasma and 
urine, as applicable) were also appropriately validated. 
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12.3 Pharmacokinetics 

Specific Populations 

Reference ID: 3403875

(b) (4)

(b) (4)



 NDA 204629 OCP Review Final 57 

Renal Impairment 

In patients with mild (eGFR: 60 - <90 mL/min/1.73 m2), moderate (eGFR: 30 - <60 
mL/min/1.73 m2), severe (eGFR: <30 mL/min/1.73 m2) renal impairment and subjects 
with kidney failure/end stage renal disease (ESRD) patients, AUC of empagliflozin 
increased by approximately 18%, 20%, 66%, and 48%, respectively, compared to 
subjects with normal renal function. Peak plasma levels of empagliflozin were similar in 
subjects with moderate renal impairment and kidney failure/ESRD compared to patients 
with normal renal function. Peak plasma levels of empagliflozin were roughly 20% 
higher in subjects with mild and severe renal impairment as compared to subjects with 
normal renal function.  population pharmacokinetic 
analysis showed that the apparent oral clearance of empagliflozin decreased with a 
decrease in eGFR leading to an increase in drug exposure (see Dosage and 
Administration (2); Warnings and Precautions (5.2); Adverse Reactions (6.1); Specific 
Populations (8.5)) . 

Effects of Age, Body weight, and Gender  

Based on the population PK analysis with data collected from 1526 subjects, age, BMI, 
gender, and race (Asians versus primarily Whites) do not have a clinically meaningful 
effect on pharmacokinetics of empagliflozin [see Dosage and Administration (2); 
Warnings and Precautions (5.2); Adverse Reactions (6.1); Specific Populations (8.5)].     

Drug Interactions 
 
In vivo Assessment of Drug Interactions 
No dose adjustment of  is recommended when coadministered with 
commonly prescribed medicinal products based on results of the described 
pharmacokinetic studies.  Empagliflozin pharmacokinetics were similar with and without 
co-administration of metformin, glimepiride, pioglitazone, sitagliptin, linagliptin, 
warfarin, verapamil, ramipril, simvastatin, hydrochlorothiazide, and torasemide in 
healthy volunteers (Figure 2).  The observed increases in overall exposure (AUC) of 
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empagliflozin following co-administration with gemfibrozil, rifampicin, or probenecid 
are not clinically relevant. However, coadministration with probenecid resulted in 30% 
decrease in fraction of empagliflozin excreted in urine. This decrease could be clinically 
relevant for patients with renal impairment, where there is reduction in fraction of drug 
excreted in urine. Impact of UGT induction with rifampicin or any other UGT enzyme 
inducer has not been studied. Monitoring of HbA1c in patients is recommended in 
patients who are concomitantly taking OAT3 inhibitors, such as probenecid and UGT 
inducers, such as rifampicin. 
 
 

4 Appendix 
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4.1 Summary of Individual Studies  

(Based on sponsor’s Summary of Clinical Pharmacology, Summary of Biopharmaceutics and Associated Bioanalytical Methods, and 
Review of Individual Study Reports) 

4.1.1  Single Rising Dose PK and PD in Healthy (1245.1) 
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Key PKPD Figures: 

 
Reviewer’s Comments: The sponsor’s assessments and 
conclusions from this study are acceptable.  There were no notable 
protocol violation and deviations. The trial reasonably captured the 
pharmacokinetic and pharmacodynamic effect (Urinary glucose 
excretion) of empagliflozin. 
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4.1.2 Multiple dose PKPD in Patients (1245.2) 
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Reviewer’s Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The trial reasonably captured the pharmacokinetic and pharmacodynamic effect (Urinary glucose excretion) 
of empagliflozin after multiple once daily doses. 
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4.1.3 Multiple dose PKPD in patients (1245.4) 
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 Reviewer’s Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The trial reasonably captured the pharmacokinetic and pharmacodynamic effect (Urinary glucose excretion) 
of empagliflozin after multiple once daily doses. 
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4.1.4 DDI-Evaluations  

DDI between Empagliflozin and Metformin (1245.6): 

  
Plasma concentration units for metformin and glimepiride are ng/mL. 
For glimepiride, PK parameters were calculated following single oral administration. PK parameters listed are AUC0-∞, Cmax, tmax, 
t1/2, and CL/F. Tmax presented as median (range). 
The cumulative fraction of empagliflozin excreted in urine were similar when empagliflozin was administered alone (18%) and with 
metformin co-administration (18.4%). Renal clearance of empagliflozin was also similar with (36.3 mL/min) and without (34.5 
mL/min) metformin co-administration. 
The cumulative amounts of metformin excreted in urine were similar when metformin was administered alone (277 mg) and with 
empagliflozin co-administration (266 mg). Renal clearance of metformin was high and was similar with (532 mL/min) and without 
(551 mL/min) empagliflozin co-administration.

Reference ID: 3403875



 NDA 204629 OCP Review Final 67 

Bioanalytical method performance for metformin in plasma (left) and urine (right): 

  
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI between Empagliflozin and Glimepiride (1245.7): 

 
Empagliflozin PK: 

 
Glimepiride PK: 

 
38 Plasma concentration units for glimepiride and pioglitazone are ng/mL 
39 For glimepiride, PK parameters were calculated following single oral administration. PK parameters listed are AUC0-∞, Cmax, tmax, t1/2, and CL/F. 
40 median (range)  
The total amounts of BI 10773 excreted in urine (UGE0-24) were similar when BI 10773 was administered alone (20.0% of dose) and 
with glimepiride co-administration (20.5% of dose). Renal clearance of BI 10773 was also similar with (40.3 mL/min) and without 
(43.5 mL/min) glimepiride co-administration. Glimepiride urine concentrations were below the limit of quantification in almost all 
subjects. 
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DDI between Empagliflozin and Pioglitazone (1245.17): 

 

 

 

Plasma concentration units for pioglitazone and its metabolites (M-III and M-IV) are ng/mL, Tmax presented as  median (range) 
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DDI between Empagliflozin and Pioglitazone Study 2(1245.50): 
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Plasma concentration units for pioglitazone and its metabolites (M-III and M-IV) are ng/mL, Tmax presented as  median (range), For Day 1, PK parameters listed 
are AUC0-24, Cmax, tmax, t1/2, and CL/F. 

Bioanalytical method performance for pioglitazone for study 1245.17 (top row) and for study 1245.50 (bottom row) in plasma: 
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Study 1245.17: 
The total amounts of empagliflozin excreted in urine were similar when empagliflozin was administered alone (20.1% of dose) and 
with pioglitazone (19.6% of dose). Renal clearance of empagliflozin was also similar with (40.1 mL/min) and without (41.3 mL/min) 
pioglitazone co-administration. 
Co-administration of BI 10773 with pioglitazone resulted in an approximately 58% increase in pioglitazone AUCτ,ss and Cmax,ss 
increased by approximately 88%. The gMean ratios and 90% CIs for AUCτ,ss and Cmax,ss of pioglitazone were outside the standard 
bioequivalence criteria of 80% to 125%. Plasma levels of 2 active metabolites of pioglitazone, M-III (keto derivative of pioglitazone) 
and M-IV (hydroxy derivative of pioglitazone) were increased by approximately 28% without any major changes in t1/2. The overall 
exposure of active moieties increased by approximately 36% following coadministration compared to pioglitazone alone. A significant 
period effect was noted in this study for pioglitazone parameters; however, a reason could not be ascertained. 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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Study 1245.50: This study was conducted to investigate the effect of BI 10773 on the bioavailability of pioglitazone and to determine 
a dose of empagliflozin that would have no relevant effect on pioglitazone plasma levels. Threre were several treatments evaluated in 
this study: 
Treatment A Pioglitazone 45 mg q.d. on Days 1 to 7 
Treatment B Pioglitazone 45 mg q.d. on Days 1 to 7 + BI 10773 10 mg q.d. on Days 1 to 9 
Treatment C Pioglitazone 45 mg q.d. on Days 1 to 7 + BI 10773 25 mg q.d. on Days 1 to 9 
Treatment D Pioglitazone 45 mg q.d. on Days 1 to 7 + BI 10773 50 mg q.d. on Days 1 to 9 
Treatment E Pioglitazone 45 mg q.d. on Days 1 to 7 + BI 10773 25 mg q.d. 1 h after pioglitazone on Days 1 to 9 
Treatment F Pioglitazone 30 mg q.d. on Days 1 to 7 + BI 10773 50 mg q.d. on Days 1 to 9. 
The results of this trial did not indicate any increase in exposure of pioglitazone and its active moieties following coadministration 
with 3 clinically relevant dose levels of empagliflozin when compared to pioglitazone alone. 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI between Empagliflozin and Warfarin (1245.27): 

 

 

 
 For R- and S-warfarin, plasma concentration units are ng/mL. PK parameters listed are AUC0-∞, Cmax, tmax, t1/2, and CL/F. 
Tmax presented as median (range) 
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Summary of pharmacodynamic parameters of warfarin administered alone or in combination with (empagliflozin): 

 
Co-administration of BI 10773 with warfarin did not significantly alter effects of warfarin on PT and INR. 
 
Bioanalytical method performance for warfarin in plasma: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI between Empagliflozin and Sitagliptin (1245.27): 

 

 

 
The total amount of empagliflozin excreted in urine was similar when empagliflozin was co-administered with sitagliptin (19.3% of 
dose) compared to empagliflozin alone (17.1% of dose). Renal clearance of empagliflozin was similar with (39.4 mL/min) and 
without (38.6 mL/min) sitagliptin co-administration. 
The total amount of sitagliptin excreted in urine was similar when sitagliptin was administered alone (60.3% of dose) and with 
empagliflozin co-administration (62.8% of dose). Renal clearance of sitagliptin was also similar without (392 mL/min) and with (399 
mL/min) empagliflozin co-administration. 
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Bioanalytical method performance for sitagliptin in plasma and urine: 

Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI between Empagliflozin and Linagliptin 1245.30: 

 

 
Urinary excretion of empagliflozin was similar when the drug was administered with (20.4% of dose) and without linagliptin (20.7% 
of dose) after treatment with empagliflozin alone. 
Urinary excretion of linagliptin was similar when the drug was administered with (4.77% of dose) and without empagliflozin (4.26% 
of dose). Inhibition of DPP-4 activity in plasma at steady state 24 h after dosing (E24,ss) was similar when 5 mg linagliptin was 
administered in combination with 50 mg BI 10773 and when linagliptin was given alone. 
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Bioanalytical method performance for linagliptin in plasma and urine: 

Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI with Digoxin1245.40: 

 
No major differences in renal excretion of digoxin were observed. The mean fraction of digoxin excreted in urine was 40.1% of the 
dose when digoxin was given with empagliflozin and 40.6% when digoxin was given alone. The renal clearance of digoxin (mean 
CLR,0-24: 139 mL/min vs 153 mL/min) was also similar with and without empagliflozin. 
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Bioanalytical method performance for digoxin in plasma and urine: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI with Oral Contraceptives 1245.41: 
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Bioanalytical method performance for digoxin in plasma and urine: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI with Diuretics 1245.42: 
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While there was no relevant effect on PK of either of the drugs, effect on urine osmolality, urine volume, and micturition frequency 
were noted in this study.  

 Urine osmolality was increased after treatment with empagliflozin alone and with a diuretic, while diuretics alone had no 
apparent effect. Mean urine volume was higher (341 mL/day) than baseline after single doses of empagliflozin and tended to 
be higher (135 mL/day) than baseline after multiple doses of empagliflozin. However, urine volume was similar to baseline 
with diuretics alone, and was higher than baseline after empagliflozin was added to either diuretic. At baseline, mean 
micturition frequencies were 4 to 5 voids in the day and 3 voids at night. On the first and fifth days of empagliflozin treatment, 
daytime micturition increased to about 6 voids per day while night-time micturition frequency was similar to baseline. The 
mean increase in total micturition frequency was about 1 to 2 voids per day.  
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 Treatment with HCT or TOR tended to increase both urinary glucose excretion and fasting serum glucose levels. When 
empagliflozin was added to either diuretic, the effects on urinary glucose excretion were maintained while the reductions in the 
fasting serum glucose concentration were less pronounced than when empagliflozin was given alone.  

 Clearance and urinary excretion of sodium tended to decrease after multiple doses of empagliflozin or diuretics alone, were 
increased after empa+HCT, and were similar to baseline after empa+TOR. The serum sodium concentration increased slightly 
after multiple doses of empagliflozin, was similar to baseline after diuretics alone and empa+HCT, and tended to increase after 
empa+TOR. 

 Clearance and urinary excretion of chloride tended to decrease after multiple doses of empagliflozin, after either diuretic alone, 
and after empa+TOR but tended to increase after empa+HCT. The serum chloride concentration was increased after multiple 
doses of empagliflozin, decreased after HCT alone and empa+HCT, and tended to increase after TOR alone and empa+TOR. 

 Multiple doses of empagliflozin, alone and with HCT or TOR, resulted in increases in the clearance and urinary excretion of 
magnesium, potassium, and phosphate and reductions in the clearance and urinary excretion of calcium along with slight 
increases in the serum levels of magnesium and phosphate and slight reductions in the serum levels of potassium and calcium. 

 Multiple doses of empagliflozin, alone and with HCT or TOR, resulted in increases in the clearance and urinary excretion of 
uric acid and tended to reduce the serum uric acid concentration. 

 Empagliflozin alone had no clear effects on plasma renin or serum aldosterone concentrations, but treatment with either 
diuretic, alone or with empagliflozin, tended to increase circulating levels of both renin and aldosterone. 

 Urine pH tended to be reduced after treatment with diuretics but generally demonstrated no consistent changes. In capillary 
blood, no meaningful changes in pH were observed, but both bicarbonate concentration and base excess were slightly reduced 
after multiple doses of empagliflozin, slightly increased after HCT and empa+HCT, and tended to be slightly reduced after 
TOR and empa+TOR. The capillary blood ionised calcium concentration tended to be slightly reduced after each treatment. 

 The plasma iPTH concentration was slightly increased after each treatment. The increase after empa+TOR was greater than 
after either drug was given alone. The serum FGF-23 concentration tended to be slightly increased after empagliflozin, alone 
and with either diuretic. Diuretics had no apparent effect. No clear effects on serum calcitriol concentrations were observed. 
The serum ALP concentration was slightly increased after each treatment. Urinary NTx excretion was slightly increased after 
empagliflozin alone, after TOR alone, and empa+TOR. Small changes in serum and urinary electrolytes (Ca, Na, Cl, P) were 
observed in this mechanistic trial under standardized conditions of food and fluid intake. 

Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 

Reference ID: 3403875



 NDA 204629 OCP Review Final 90 

Bioanalytical method performance for hydrochlorthiazide (top row) and torasemide (bottom row) in plasma and urine: 
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DDI between Verapamil 1245.43: 

 

 
Bioanalytical method performance for verapamil in plasma: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 

Reference ID: 3403875



 NDA 204629 OCP Review Final 92 

DDI with Ramipril 1245.45: 
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Bioanalytical method performance for ramipril and ramiprilat in plasma: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI with gemfibrozil 1245.58: 

 
In the gemfibrozil DDI study, a single dose of empagliflozin was administered and PK parameters listed are AUC0-∞, Cmax, tmax, t1/2, and 
CL/F.A single dose of empagliflozin was administered on the third day of a 5-day treatment with gemfibrozil.  
The trial was designed to investigate whether co-administration of gemfibrozil had any effect on empagliflozin bioavailability, which 
is especially relevant for patients with type 2 diabetes mellitus also treated with fibrates for dyslipidemia. In addition, gemfibrozil is an 
inhibitor of hepatic uptake transporter OATP1B11 in humans, for which empagliflozin is a substrate based on in vitro studies. The 
study results are in agreement to the in vitro findings. 
 

                                                      
1 Effects of fibrates on human organic anion-transporting polypeptide 1B1-, multidrug resistance protein 2- and P-glycoprotein-mediated transport. Yamazaki M, 
Li B, Louie SW, Pudvah NT, Stocco R, Wong W, Abramovitz M, Demartis A, Laufer R, Hochman JH, Prueksaritanont T, Lin JH. Xenobiotica. 2005 
Jul;35(7):737-53. 
. 
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PK Results for Gemfibrozil and Bioanalytical method performance for gemfibrozil in plasma: 
 

Gemfibrozil morning trough concentrations of 
gemfibrozil on Days -1, 1, 2, and 3 (corresponding to 
24, 48, 72, and 96 h after first gemfibrozil 
administration) during multiple oral administration of 
600 mg gemfibrozil twice daily for 5 days with a single 
dose of 25 mg: 

 
 

Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug.
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DDI with simvastatin 1245.63:  

 

 

 
In the simvastatin DDI study, both empagliflozin and simvastatin were administered as single doses and PK parameters listed are 
AUC0-∞, Cmax, tmax, t1/2, and CL/F. 
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Bioanalytical method performance for simvastatin and its metabolite in plasma: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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DDI with Rifampicin and Probenecid 1245.83: 

 

 
In vitro data showed that empagliflozin is a substrate of organic anion transporters, such as OAT3 and OATP1B1 (organic anion-
transporting polypeptide 1B1). OAT3 is an uptake transporter in the proximal tubule epithelia of the kidney that mediates the 
basolateral entry step in renal secretion of many organic anions; thus an inhibition may result in reduced renal clearance. OATP1B1 is 
an uptake transporter expressed in the human liver that transports a broad range of compounds, such as bile acids, sulphate and 
glucuronate conjugates, thyroid hormones, peptides, and drugs (e.g. methotrexate and HMG-CoA reductase inhibitors). Therefore, the 
aim of this DDI study was to assess if and to which extent disposition and excretion of a single dose of empagliflozin is influenced by 
co-administration with drugs that inhibit either OATP1B1 or OAT3. Rifampicin (given as a single dose) was chosen as a model 
OATP1B1 inhibitor and probenecid (given as multiple doses) served as a model OAT3 inhibitor.  
When co-administered with probenecid, increased systemic exposure of empagliflozin was associated with a more than 50% decrease 
in the mean renal clearance of empagliflozin after co-administration with probenecid (15.2 mL/min) compared with empagliflozin 
alone (32.7 mL/min). The mean fraction of empagliflozin excreted in urine was 13.8% after co-administration with probenecid 
compared with 19.7% after the administration of empagliflozin alone. 

Reference ID: 3403875



 NDA 204629 OCP Review Final 99 

The UGE results of both treatments were similar, whether empagliflozin was given alone or with probenecid. The mean (%CV) 
cumulative amount of glucose recovered in urine over 24 h post-dose 10 mg empagliflozin was 50.7 g (16.8%) when empagliflozin 
was administered alone and 49.7 g (18.0%) when it was co-administered with 500 mg probenecid twice daily (from Day -1 to Day 3). 
The effect of increased exposure with rifampicin on amount of empagliflozin in urine or urinary glucose excretion was not evaluated.  
Bioanalytical method performance for rifampicin and probenecid in plasma: 

 
Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
However, this study does not address the potential of UGT induction by rifampicin and its impact on empagliflozin exposure in a 
single dose setting. 
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4.1.5 PKPD in Renal Impairment (1245.12) 

 Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 

. 
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4.1.6 PKPD in Hepatic Impairment (1245.13) 
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Reviewers Comments: The sponsor’s assessments and conclusions from this study are acceptable.  There were no notable protocol 
violation and deviations. The bioanalytical method adequately supported the pharmacokinetic evaluation of the co-administered drug. 
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1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 

The purpose of this review is to address the following key questions. 

1.1.1 Is there dose-response for effectiveness for Empagliflozin?   

There is lack of evidence of clear dose-response when data from monotherapy and add on 
therapy trials was examined. From efficacy perspective, the dose-response data suggests 
that the use of 25 mg once daily dose of empagliflozin does not always produce higher 
reduction in HbA1c than 10 mg once daily.  

In case of add on therapy to metformin or add on to metformin+sulfonylurea, the 
responses seen with 10 and 25 mg were similar. In some specific treatment settings, such 
as when administered as monotherapy, as add-on therapy to patients on pioglitazone with 
or without metformin or as add on to insulin, 25 mg once daily dose offers an additional 
HbA1c reduction of up to 0.14% units. There was however, a dose-dependent increase in 
proportion of patients who achieved <7% HbA1c by the time of primary end-point 
measurement (Figure 3). 

The HbA1c reduction appeared to reach plateau by Week 24 in the Phase 3 monotherapy 
trial 1245.20, thus allowing for a reasonable dose-response evaluation at Week 24 (See 
Figure 1 below). This was also true for other Phase 3 trials (See Appendix 4.1 to the 
Pharmacometric Review). 

 

Figure 1: Time-profiles for adjusted mean (SE) change from baseline in HbA1c in 
Phase 3 monotherapy trial 1245.20. [Source: Sponsor’s Figure 15.2.1.2.2:5 - HbA1c (%) 
ANCOVA results over time - FAS(LOCF) in Report U12-1517-01 Page 388. Model included 
treatment, baseline eGFR (MDRD), background medication and region as fixed effects and 
baseline HbA1c as a linear covariate.] 
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Figure 3: Proportion of Patients who Achieve <7% HbA1c by End of Trial: Study-
by-Study Comparison (Phase 3 Studies: Full Analysis Set) 

 

Results from the Monotherapy Trial (1245.20):  

At week 24, the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -
0.08 (0.05)%, -0.66 (0.05)%, and -0.78 (0.05)% for placebo, empagliflozin 10 mg once 
daily, and empagliflozin 25 mg once daily, respectively. Accordingly, the difference 
versus placebo for the adjusted mean change (95%CI) in HbA1c from baseline at Week 
24 was -0.74 (−0.88, −0.59) % for the empagliflozin 10 mg once daily group and -0.85 
(−0.99, −0.71)% for the empagliflozin 25 mg once daily group, showing numerically 
higher Hba1c reduction with the latter. The proportion of subjects who achieved target 
HbA1c levels of <7.0% by Week 24 was higher for the 25 mg once daily dose group 
(43.6%) than the 10 mg once daily dose group (35.3%), while both being higher than 
placebo (12.0%) (see Figure 3).  

Results from the Add-on therapy Trials:  

Add-on to (pioglitazone ± metformin): In the dual/triple therapy setting in trial 1245.19 
(~25% Add on to pioglitazone and ~75% Add on to pioglitazone plus metformin), the 
adjusted mean change (SE) in HbA1c from baseline at Week 24 was -0.11 (0.07)%, -0.59 
(0.07)%, and -0.72 (0.07)% for placebo, empagliflozin 10 mg once daily, and 
empagliflozin 25 mg once daily, respectively. Accordingly, the difference versus placebo 
for the adjusted mean change (95%CI) in HbA1c from baseline at Week 24 was -0.48 
(−0.66, −0.29) % for the empagliflozin 10 mg once daily group and -0.61 (−0.79, 
−0.42)% for the empagliflozin 25 mg once daily group, showing numerical advantage of 
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the latter. The proportion of subjects who achieved target HbA1c levels of <7.0% by 
Week 24 was also slightly higher for the 25 mg once daily dose group (30.6%) than the 
10 mg once daily dose group (23.8%), while both doses being higher than placebo 
(7.7%). 

Add-on to metformin: In the dual therapy setting in trial 1245.23 (Add-on to metformin), 
the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -0.13 (0.05)%, -
0.70 (0.05)%, and -0.77 (0.05)% for placebo, empagliflozin 10 mg once daily, and 
empagliflozin 25 mg once daily, respectively. Accordingly, the difference versus placebo 
for the adjusted mean change (95%CI) in HbA1c from baseline at Week 24 was -0.57 
(−0.70, −0.43) % for the empagliflozin 10 mg once daily group and -0.64 (−0.77, 
−0.50)% for the empagliflozin 25 mg once daily group, showing only slight numerical 
advantage of the latter. The proportion of subjects who achieved target HbA1c levels of 
<7.0% by Week 24 was comparable for the 25 mg once daily dose group (38.7%) and the 
10 mg once daily dose group (37.7%), while both doses being higher than placebo 
(12.5%). 

Add-on to (metformin + sulphonylurea): In trial 1245.23 (Add-on to metformin plus 
sulphonylurea), the adjusted mean change (SE) in HbA1c from baseline at Week 24 was -
0.18 (0.05)%, -0.80 (0.05)%, and -0.77 (0.05)% for placebo, empagliflozin 10 mg once 
daily, and empagliflozin 25 mg once daily, respectively. Accordingly, the difference 
versus placebo for the adjusted mean change (95%CI) in HbA1c from baseline at Week 
24 was -0.64 (−0.77, −0.51) % for the empagliflozin 10 mg once daily group and -0.59 
(−0.73, −0.46)% for the empagliflozin 25 mg once daily group, showing a lack of dose 
response between the two doses. The proportion of subjects who achieved target HbA1c 
levels of <7.0% by Week 24 however, was slightly higher numerically for the 25 mg 
once daily dose group (32.2%) than the 10 mg once daily dose group (26.3%), while both 
doses being higher than placebo (9.3%). 

Dose-Response from other Phase 2/3 Trials: 

Dose-response data from Phase 2 dose finding trials and other short term Phase 2/3 trials 
also indicate similar dose-response trend for 10 mg once daily and 25 mg once daily 
doses (Figure 4). 

Add-on to basal insulin (1245.33): In add-on to basal insulin trial (Phase 2b, 1245.33), 
the adjusted mean differences versus placebo were -0.56% in the empagliflozin 10 mg 
group (97.5% CI: -0.78, -0.33) and -0.70% in the empagliflozin 25 mg group (97.5% CI: 
-0.93, -0.47) showing a dose response between the two doses for HbA1c reduction. For 
the key secondary endpoint of basal insulin dose, the adjusted mean differences from 
placebo at Week 78 were -6.66 IU in the empagliflozin 10 mg group (97.5% CI: -11.56, -
1.77) and -5.92 IU in the empagliflozin 25 mg group (97.5% CI: -11.00, -0.85). At Week 
18, among patients with a baseline HbA1c of 7.0% or greater, 18.0% of the patients in the 
empagliflozin 10 mg group and 19.5% of the patients in the empagliflozin 25 mg group 
had attained HbA1c values of less than 7.0% compared with 5.5% of patients in the 
placebo group. 
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Figure 4: Placebo adjusted mean (95%CI) Changes from Baseline in HbA1c (%) at 
Primary Assessment Time-point-LOCF: Study-by-Study Comparison (Phase 2/3 
Studies: Full Analysis Set) 

1.1.2 Is there an impact of renal impairment on the efficacy of empagliflozin? 

Yes, the evaluation of impact of renal function on empagliflozin demonstrates that: 

 Consistent with the known mechanism of action of empagliflozin, there is a lower 
reduction in HbA1c levels with increasing degree of renal impairment in subjects 
with type 2 diabetes. The reduction in HbA1c from baseline in subjects with 
moderate renal impairment (1245.36) was of lower magnitude (approximately 
half) when compared to the magnitude observed in type 2 diabetic subjects 
majority with normal renal function or with mild renal impairment in trial 
1245.20 or add-on therapy trials 1245.19 and 1245.23 (Figure 2). 

 Even though the mean response is lower in type 2 diabetic subjects with mild 
renal impairment compared to those with normal renal function, efficacy of 
empagliflozin is preserved in these subjects for both 10 mg and 25 mg once daily 
doses.  

 In subjects with moderate renal impairment only 25 mg dose was evaluated, 
limiting any dose-response assessment. However, decrease in HbA1c was 
observed following 24 weeks treatment with empagliflozin (Figure 7). When 
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evaluated based on baseline renal function, this response was found to be 
primarily driven by subjects with eGFR  45 mL/min/1.73m2 (Figure 5). Based 
on absolute response, empagliflozin 25 mg once daily dose showed modest 
efficacy in patients with eGFR 30 to <45 mL/min/1.73m2 per se, and placebo 
adjusted response seems to be inflated by worsening of HbA1c response in the 
placebo group.   

Mechanistic basis of lower efficacy in patients with impaired renal function: 

Lower efficacy in patients with impaired renal function is consistent with the primary 
mechanism of action of empagliflozin [sodium glucose co-transporter 2 (SGLT2) 
inhibition in the proximal renal tubules], which is dependant on the functional capacity of 
the renal filtration. In kidneys, re-absorption of virtually all filtered glucose occurs 
primarily via SGLT2 and to a lesser extent via SGLT1. Inhibition of SGLT2 by 
empagliflozin in proximal renal tubules resulted in increased urinary glucose excretion 
from baseline, which was highly correlated to the fraction of unchanged empagliflozin 
excreted in urine (see Figure 5).  

 

Figure 5: Fraction of glucose excreted during first 24 hour post-dose increases in 
log-linear fashion with fraction of empagliflozin excreted unchanged in urine 
during the same 24 hour duration after single rising oral dose (1245.001) 

 

The decrease in this primary pharmacodynamics effect with increasing degree of renal 
impairment was evident in dedicated pharmacokinetic/pharmacodynamic study in renal 
impairment (see Figure 6). 
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Following administration of empagliflozin in subjects with reduced capacity of renal 
filtration, both fraction of empagliflozin excreted unchanged in urine and urinary glucose 
excretion (UGE) during first 24 hour post-dose declined based on the degree of renal 
impairment (Figure 4), as expected mechanistically. Although it is unclear if the glucose 
filtration and re-absorption cycle is intact and not affected by the degree of renal 
impairment, drug filtration was certainly dramatically reduced with increasing degree of 
renal impairment. Therefore, lower pharmacodynamic response could be an artifact of a 
combination of disturbed renal filtration/re-absorption cycle of glucose and reduced renal 
filtration of drug. 

 

Figure 6: Urinary glucose excretion (UGE) changes from baseline (Day -1) during 
first 24 hour post-dose decreases in linear fashion with decreasing fraction of 
empagliflozin excreted unchanged in urine during the same 24 hour duration after 
single 50 mg oral dose in subjects with varying degrees of renal function (1245.012) 

 

Observed clinical trial data indicating lower efficacy in moderate renal impairment: 

The sponsor conducted a dedicated efficacy and safety evaluation (Trial 1245.36) in 
subjects with type 2 diabetes mellitus who had mild, moderate or severe renal 
impairment. Subjects on stable anti-hyperglycemic agent (AHA) therapy [including SUs, 
glinides, pioglitazone, insulin and their combinations, or other antidiabetics excluding 
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SGLT2 inhibitors] were randomly stratified by the baseline renal function category and 
assigned to Empagliflozin 10 mg once daily or 25 mg once daily or placebo treatment. Of 
the patients with mild or moderate renal impairment, more than half (61.1%) were taking 
metformin (as monotherapy or in combination with other antidiabetic drugs); most of 
these were in the group of patients with mild renal impairment (see below). Just over half 
of the patients (51.1%) were taking insulin as background medication. 

The result of sponsor’s pre-specified statistical analysis for efficacy in mild and moderate 
RI patients is shown in Table 1 below. 

 
Table 1: Change in HbA1c is affected by baseline renal function and treatment in 
type 2 diabetes mellitus subjects with renal impairment 
(1245.36)

 

 

Analysis to explore efficacy within patients with moderate renal impairment:  

A post-hoc analysis was also conducted for trial 1245.36 (trial conducted in patients with 
renal impairment), evaluating efficacy by renal function subgroups: eGFR 60 to <90 
(Mild RI), eGFR 45 to <60 (generally regarded as Moderate RI-A), eGFR 30 to <45 
(generally regarded as Moderate RI-B), and eGFR<30 (Severe RI) mL/min/1.73m2. 
Overall, the data demonstrate a trend for reduced efficacy with decrease in eGFR. 

Figure 7 describes the mean (95%CI) change in HbA1c from baseline to week 24 across 
treatment groups (placebo, empagliflozin 10 mg and 25 mg). Overall, in patients with 
mild renal impairment a trend of modest, dose-dependant decrease in HbA1c is observed 
following 24 weeks treatment with empagliflozin. In moderate RI, however, this trend is 
primarily driven by changes in HbA1c from baseline in subjects with eGFR 45 to <60  
mL/min/1.73 m2 [Adjusted mean (SE) HbA1c change from baseline of −0.54 (0.07) for 
empagliflozin and −0.08 (0.07) for placebo].  
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Based on absolute response, empagliflozin showed modest efficacy in patients with 
eGFR 30 to <45 mL/min/1.73 m2 per se [absolute mean (SE) change from baseline in 
HbA1c of −0.21 (0.07)]. However, placebo adjusted response for empagliflozin 25 mg 
once daily dose (Mean reduction in HbA1c of -0.39% unit) seems to be inflated by 
worsening of HbA1c response in placebo group [absolute mean (SE) change from 
baseline in HbA1c of 0.17 (0.07)] in eGFR 30 to < 45 ml/min/1.73 m2 subgroup. At week 
24, magnitude of change in HbA1c from baseline in subjects with eGFR< 30 
mL/min/1.73m2 appears similar between placebo and treatment groups.  

 

Figure 7: Mean (95%CI) change from baseline in HbA1c by treatment and renal 
impairment subgroup in phase 3 trial 1245.36 

 

Proportion of subjects, who achieved target HbA1c levels of <7.0% by Week 24, was 
higher for the 25 mg once daily dose group (24.2%) compared to the 10 mg once daily 
dose group (17.0%) versus that observed with placebo (6.7%) among patients with mild 
RI. In moderate RI patients, this proportion was 12% for 25 mg once daily dose group 
versus 7.9% in placebo. Empagliflozin was not efficacious in patients with severe RI. 

1.1.3 What are the dose-safety characteristics of Empagliflozin for relevant safety 
outcomes? 

Dose-safety analysis revealed that: 
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 Empagliflozin causes only modest decreases in eGFR from baseline in a dose-
dependent manner. On average, the decline in eGFR appeared to regress over time 
towards baseline.  

 In all empagliflozin treated subjects, the adverse event profile of 10 mg once daily 
and 25 mg once daily dose was similar except for hypoglycemia inicidences being 
higher with 25 mg once daily dose.  

 Elderly population (> 65 year age) and patients with moderate renal impairment 
showed higher susceptibility for hypoglycemia, volume depletion, and urinary 
tract infection AEs for both doses. 

Empagliflozin Impact on Renal Function:  

Empagliflozin lowered the eGFR from baseline in both, dose and baseline renal function 
dependent manner. Effect of empagliflozin on renal function was evaluated based on 
longitudinal change from baseline in eGFR, and by evaluating the reduction in eGFR as a 
function of baseline renal function.  

a. Longitudinal Change in eGFR following Treatment with Empagliflozin 

Figure 7 shows the longitudinal change from baseline in eGFR by treatment for placebo 
controlled monotherapy trial 1245.20 wherein, most of the patients were with normal 
renal function or mild renal impairment. 

The first observation was collected at week 12 and then at end-point week 24. The eGFR 
values did not show any trend for decline from baseline over 24 week assessment. 

Figure 8: Mean (SE) eGFR (mL/min/1.73m2) over time (Phase 3 Placebo-
Controlled Monotherapy Trial (1245.20) 
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The impact of empagliflozin on longitudinal change in renal function was also evaluated 
in two specific populations: hypertensive population in Trial 1245.48 and subjects with 
moderate renal impairment in Trial 1245.36 (already compromised renal function).  

Figure 8 shows the longitudinal change from baseline in eGFR by treatment for type 2 
diabetic subjects who have hypertension. This was perhaps the only trial that included a 
week 6 assessment for eGFR. On average, the eGFR decrease from baseline was 
maximal [Mean (SD) decline in eGFR of −0.07 (8.94), −1.52 (9.17), and −3.90 (9.65) 
mL/min/1.73m2, respectively for placebo, 10 mg and 25 mg dose of empagliflozin] at the 
first observation of week 6 after initiation of the treatment. The eGFR values regressed 
towards baseline by Week 12. 

Figure 9 shows the longitudinal change from baseline in eGFR by treatment for type 2 
diabetic subjects who have renal impairment. On average, the eGFR decrease from 
baseline was maximal at the first observation of week 12 after initiation of the treatment. 
The eGFR values regressed towards baseline by Week 12 for some groups but not all in 
this trial. 

Figure 9: Empagliflozin reduces eGFR from baseline in type 2 diabetic subjects 
with Hypertension (Trial – 1245.48). 

 

Figure 10, 11, 12, and 13 show the individual change from baseline in eGFR by treatment 
at week 12 (first assessment after initiation of treatment) for type 2 diabetic subjects with 
mild, moderate (A), moderate (B), or severe renal impairment, respectively (trial 
1245.36). Overall in comparison to placebo, the magnitude of eGFR decrease from 
baseline was higher for both doses and more number of patients had decline in eGFR 
with empagliflozin treatment, although, dose dependence for the eGFR change was not 
evident in this subgroup. 
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Figure 10: Empagliflozin reduces eGFR from baseline in type 2 diabetic subjects 
with mild renal impairment (Week 12, Trial 1245.36)

 

Figure 11: Empagliflozin reduces eGFR from baseline in type 2 diabetic subjects 
with Moderate Renal Impairment A (eGFR45-<60) (Week 12, Trial 1245.36) 
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Figure 12: Empagliflozin reduces eGFR from baseline in type 2 diabetic subjects 
with Moderate Renal Impairment B (eGFR30-<45) (Week 12, Trial 1245.36) 

 
 

Figure 13: Empagliflozin reduces eGFR from baseline in type 2 diabetic subjects 
with severe renal impairment (Week 12, Trial 1245.36)
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Patients with Adverse Events  
Dose safety of empagliflozin was evaluated with respect to proportion of subjects with 
adverse events versus treatments.  

The pooling strategy adopted by the sponsor is summarized in the Figure 14 below. This 
review focused on the SAF-5 datasets, which contained all type 2 diabetes patients in the 
clinical program.  

 

 
Figure 14: Pooling strategy for safety assessment 
 
Overall safety assessment showed the following (see Figure 15): 

 There was no dose-dependent trend for AEs related to decreased renal function, 
hepatic injury, bone fracture, volume depletion and malignancy, and the 
proportion of patients (%) with these AEs were similar to placebo (Table 2). 

 Analyses of urinary tract infection using a pre-specified customized MedDRA 
query showed similar frequencies for all groups (8.9% for empagliflozin 10 mg, 
8.8% for empagliflozin 25 mg, and 8.1% for placebo). However, the frequencies 
of patients with urinary tract infections were higher with empagliflozin treatment 
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than with placebo for patients older than 64 years (age between 65 and 74 years: 
8.9% for empagliflozin 10 mg, 10.7% for empagliflozin 25 mg, and 7.5% for 
placebo; age 75 years and above: 15.7% for empagliflozin 10 mg, 15.1% for 
empagliflozin 25 mg, and 10.5% for placebo). 

 Analyses of genital infection showed that the frequencies were higher in the 
empagliflozin groups (4.4% for 10 mg and 4.7% for 25 mg) than in the placebo 
group (1.0%). However, almost all events were mild or moderate in intensity; 
genital infections of severe intensity were only reported for 1 patient in the 
empagliflozin 10 mg (0.03%), 2 patients in the empagliflozin 25 mg (0.04%), and 
1 patient in the placebo group (0.03%). The frequency of premature 
discontinuations of empagliflozin due to genital infection was very low (0.4% for 
10 mg and 0.3% for 25 mg; 0.03% for placebo). Genital infection was identified 
as a side effect of empagliflozin. 

Figure 15: Percent patients with adverse events by treatment from pooled safety 
data (SAF-5) 

 

 Treatment with empagliflozin did not increase the frequency of patients with 
confirmed hypoglycaemic adverse events (plasma glucose of 70 mg/dL or below or 
requiring assistance of another person). Only if patients received metformin plus a 
sulphonylurea background therapy was the frequency of patients with confirmed 
hypoglycemic adverse events higher with empagliflozin (16.1% for 10 mg and 11.5% 
for 25 mg) than with placebo (8.4%). Additionally, if patients received a fixed dose of 
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basal insulin, the frequency of patients with confirmed hypoglycemic adverse events 
was higher with empagliflozin 25 mg (28.4%) than with empagliflozin 10 mg 
(19.5%) or placebo (20.6%); no differences among the groups were seen when the 
dose of basal insulin could be adjusted. In an active-controlled study, there was a 
statistically significantly lower frequency of confirmed hypoglycemic adverse events 
with empagliflozin 25 mg treatment (1.6%) than with glimepiride (20.4%). 

 The subgroup analyses by renal function did not show a different trend of dose-
dependence for AEs as seen for the overall safety analysis. Although, increase in 
susceptibility for some AEs (such as decrease in renal function, urinary tract 
infection, bone fractures, volume depletion, and hypoglycemia) with increase in 
degree of RI was seen in all treatment groups (Figure 16). 

Figure 16: Percent patients with adverse events by treatment from pooled safety 
data (SAF-5) 
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1.1.4 Does the dose-response relationship for effectiveness and safety support the 
proposed doses in type 2 diabetes patients with normal renal function, mild renal 
impairment, and with moderate renal impairment?   

 Dosing in type 2 diabetic patients with normal renal function (eGFR ≥90 
mL/min/1.73 m2) and mild renal impairment (90>eGFR ≥60 mL/min/1.73 m2):  

o Benefit in Patients with normal renal function: 

 There is lack of evidence of clear dose-response when data from monotherapy 
and add on therapy trials was examined. From efficacy perspective, the dose-
response data suggests that the use of 25 mg once daily dose of empagliflozin 
does not always produce numerically higher reduction in HbA1c than 10 mg 
once daily, which does not support the sponsor’s original proposal of 25 mg 
once daily dose. However, in some specific treatment settings, such as when 
administered as monotherapy, as add-on therapy to patients on pioglitazone 
with or without metformin or as add on to insulin, 25 mg once daily dose 
offers an additional HbA1c reduction of up to 0.14% units. In addition, there 
was a dose-dependent increase in proportion of patients who achieved <7% 
HbA1c by the time of primary end-point measurement. Therefore, there is 
merit in having both doses available for use. Placebo adjusted mean 
reductions in HbA1c (% units) for monotherapy/dual therapy/triple therapy 
Phase 3 trials ranged from -0.48 to -0.74 % units and -0.59 to -0.85 % units 
for 10 mg once daily and 25 mg once daily dose, respectively. Notably, most 
of the diabetic patients need combination therapies in order to get an optimal 
glycemic control and empagliflozin is also likely to be used in background of 
metformin or other antidiabetic therapies. The combination therapy trials that 
sponsor conducted for empagliflozin showed a modest incremental benefit (up 
to 0.14% unit additional reductions in HbA1c) of using 25 mg once daily as 
compared to the 10 mg once daily. Even with lower mean response in 
comparison to subjects with normal renal function, efficacy of empagliflozin 
was preserved in type 2 diabetes mellitus subjects with mild renal impairment 
with both 10 mg once daily and 25 mg doses. 

o Risk: 

 There are slight dose-dependent changes in eGFR, whereas both doses were 
essentially similar in their adverse event profiles. 

o Conclusion: 

Given dose related benefit present in select treatment settings along with no 
increased risk of adverse events for 25 mg once daily dose, compared to the 
10 mg once daily dose, approval of both 10 mg and 25 mg once daily doses is 
recommended. The recommended dose for empagliflozin is 10 mg once daily, 
which can be increased to 25 mg once daily. Although, it has not been 
established if 25 mg once daily dose provides additional benefit in patients 
who show less than optimal response at 10 mg once daily dose, there is a 
general trend for greater benefit with 25 mg once daily dose in select 
treatment settings. Therefore, some patients may benefit from 25 mg once 
daily dose and for some patients, a lower dose of 10 mg once daily may be 
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sufficient. We recommend that dose increases above 10 mg once daily should 
be made only after clinical reassessment including assessment of tolerability. 
When dose increase is indicated, the maximum recommended dose is 25 mg 
once daily. 

 Dosing in type 2 diabetic patients with moderate renal impairment (60>eGFR≥30 
mL/min/1.73 m2):  

o Benefit in Patients with moderate renal impairment: 

Consistent with the known dependence of empagliflozin mechanism of action 
on integrity of the renal function, the 25 mg once daily dose showed only a 
modest efficacy in subjects with moderate renal impairment (Figure 5 1245.36 
results) when compared to type 2 diabetes mellitus subjects with normal renal 
function or mild renal impairment. The magnitude of response is markedly 
attenuated in the presence of moderate renal impairment. Further, reduction in 
HbA1c (week 24 end-point) from baseline are dependent on dose and baseline 
eGFR in patients with RI (1245.36). 

The post-hoc evaluation of the data from Trial 1245.36, evaluating efficacy in 
moderate RI subgroups using an eGFR cut-off of 45 mL/min/1.73m2, 
demonstrated that the efficacy in patients with moderate renal impairment was 
primarily driven by the subjects with baseline eGFR≥45 mL/min/1.73m2 
where, HbA1c reduction with 25 mg once daily empagliflozin dose [−0.54 
(0.07)] was well separated from placebo [(−0.08 (0.07)].  

o Risk: 

There was a trend for decrease in eGFR in patients with moderate renal 
impairment following treatment with empagliflozin. In addition, the 
susceptibility to several adverse events was notably increased with worsening 
degree of renal impairment. 

o Conclusion: 

Empagliflozin efficacy was preserved in patients with eGFR 45 to <60 
mL/min/1.73m2 with the 25 mg once daily dose, though attenuated in 
comparison to that observed in patients with normal renal function. Based on 
absolute response, empagliflozin 25 mg once daily dose showed modest 
efficacy in patients with eGFR 30 to <45 mL/min/1.73m2 per se, and placebo 
adjusted response seems to be inflated by worsening of HbA1c response in the 
placebo group. A further reduced response can be anticipated for the 10 mg 
once daily dose in this subgroup. In addition, it is not certain what factors 
were responsible for the trend of worsening placebo response in eGFR 30 to 
<45 mL/min/1.73m2 subgroup. Also note that similar post-hoc analysis for 
two other SGLT-2 inhibitors (canagliflozin and dapagliflozin) showed that 
HbA1c response for patients with eGFR 30 to <45 mL/min/1.73m2 didn’t 
worsen on placebo treatment. Further, there was increase in susceptibility for 
adverse events such as hypoglycemia, decreased renal function, urinary tract 
infection, genital infection with increase in degree of renal impairment. 
Between eGFR 45 to <60 mL/min/1.73m2 (generally regarded as Moderate 
RI-A) and eGFR 30 to <45 mL/min/1.73m2 (generally regarded as Moderate 
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RI-B), the latter group is likely to experience more adverse events because 
these patients have relatively poor renal function and further, eGFR changes 
could bring them closer to severe renal impairment group. Patients with severe 
renal impairment appeared to be more susceptible to adverse events, such as 
confirmed hypoglycemia and volume depletion, even on placebo treatment, 
compared to mild/moderate renal impairment. Therefore, given the lack of 
certainty in efficacy and higher susceptibility towards adverse events, the 
benefit-risk does not seems to favor the use of empagliflozin in patients with 
eGFR 30 to <45 mL/min/1.73m2. Therefore, we recommend that among 
patients with moderate renal impairment empagliflozin should be used in 
patients with eGFR 45 to <60 mL/min/1.73m2 and according to the dosage 
regimen recommended for patients with normal renal function or mild renal 
impairment. Empagliflozin should not be used in patients with eGFR 30 to 
<45 mL/min/1.73m2.  

 Type 2 diabetes mellitus patients, eGFR<30 mL/min/1.73m2 (Severe Renal 
Impairment and End-stage Renal Disease):  

o Benefit: 

For patients with eGFR < 30 mL/min/1.73m2 empagliflozin 25 mg did not 
show any efficacy. 

o Risk: 

There was a trend for decrease in eGFR and higher susceptibility for adverse 
events in patients with severe renal impairment following treatment with 
empagliflozin.  

o Conclusion: 

Empagliflozin should not be used in patients with eGFR < 30 mL/min/1.73m2. 

1.2  Recommendations 

Division of Pharmacometrics finds the NDA 204629 acceptable from a clinical 
pharmacology perspective and recommends approval. Please refer to section 1.1 of the 
clinical pharmacology QBR for OCP recommendations. 

1.3 Labeling Recommendations 

The following are the labeling recommendations relevant to clinical pharmacology for 
NDA 204629 that were based on population PK analysis.  The red strikeout font is used 
to show the proposed text to be deleted and underline blue font to show text to be 
included or comments communicated to the sponsor. 

Highlights of Prescribing Information 
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pharmacodynamic model for empagliflozin.  The data used in the final analysis for 
empagliflozin population PKPD included pooled data from six Phase 1/2 studies (i.e., 
1245.2, 1245.4, 1245.9, 1245.10, 1245.15, and 1245.33), two Phase 2 studies (i.e., 
DIA2001, OBE2001) and four Phase 3 studies (i.e., 1245.19, 1245.20, 1245.23, 1245.36). 
Primary objective of the population PKPD analysis was to: 
 To describe the population PK of empagliflozin. 
 To describe the PK-PD (exposure-response) efficacy relationships of 

empagliflozin with fasting plasma glucose (FPG) and glycosylated hemoglobin 
(HbA1c). 

 To evaluate the exposure-response relationships of empagliflozin with pre-
selected adverse/tolerability events and with changes from baseline in MDRD 
estimated glomerular filtration rate in mL/min/1.73m2 (eGFR). 

 To quantify population PK and PD parameters for this system, including typical 
values and random interindividual and residual variabilities. 

 To identify any individual-specific covariate factors (e.g., demographics, disease 
state, etc.) that are predictive of the unexplained random variability (PK and 
exposure-response). 

 To provide modeling and simulation support of dosing recommendations, if 
treatment adjustments are necessary for specific subpopulations. 

2.1.1 Methods 

The empagliflozin PK data set was comprised of 2761 patients contributing a total of 
12503 empagliflozin concentrations, dosing and covariate data. Orally-administered, 
active empagliflozin doses ranged from 1 to 100 mg, with 1129 patients (40.9%) 
receiving 10 mg empagliflozin and 1269 patients (46.0%) receiving 25 mg empagliflozin 
doses. Patients receiving placebo treatment were not included in the PK analysis. 

Population pharmacokinetic (PK) and pharmacodynamic (PD) efficacy (FPG and 
HbA1c) data, including concentration observations, dosing histories, event times, and 
covariate factors (e.g., age, height, body mass index (BMI), sex, and race) were 
assembled and formatted for analysis. All listed studies contributed PK and FPG data; 
HbA1c data were contributed from studies 1245.9 (U10-2261), .10 (U10-3573), .19 
(U12-1516), .20 (U12-1517), .23 (U12-1518), .33 (U12-3817), and .36 (U12-1522). 

Population PK and efficacy PK-PD analyses for repeated-measures endpoints were 
conducted via nonlinear mixed-effects modeling with a qualified installation of the 
nonlinear mixed effects modeling (NONMEM®) software, Version 7.2 (ICON 
Development Solutions, Hanover, MD). NMQual 8.1.5 or greater was used to track all 
code patches/options and install the NONMEM software. The first-order conditional 
estimation method with - interaction (FOCEI) was employed for all PK and PK-PD 
model runs. 

A covariate modeling approach emphasizing parameter estimation rather than stepwise 
hypothesis testing was implemented for the population PK and PK-PD analyses. For 
each, predefined covariate parameter relationships were first identified based on scientific 
interest and mechanistic plausibility, or prior knowledge, and a full model was 
constructed with care to avoid correlation or collinearity in predictors. Model parameters 
were estimated and assessment of any remaining trends was conducted by graphical 
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inspection of all covariate effects. Inferences about clinical relevance of parameters were 
based on the resulting parameter estimates of the full model and measures of estimation 
precision. Individual PK parameters were also estimated, and the derived parameter 
AUCss was calculated. A predictive check model evaluation step was performed to 
assess the performance of the final model and parameters. 

Safety/tolerability data from all studies but 1245.2 (U09-1271), 1245.4 (U09-1970), and 
1245.15 (U10-2326) were included as dichotomous endpoints for logistic regression 
analysis as a function of empagliflozin exposure (area under the concentration-time curve 
for a dosing interval at steady-state (AUCss)) and other potentially explanatory 
covariates. Safety endpoints included urinary tract infection (UTI), confirmed 
hypoglycemic event (HYPO), and genital infection (GBV).  

2.1.2 Final Model 

The PK data were described by a two-compartment model with first-order absorption. 
Since no reference intravenous data were available, the absolute oral bioavailability (F) 
of empagliflozin was not identifiable and this model was parameterized in terms of CL/F, 
apparent (oral) central volume of distribution in L (V2/F), apparent (oral) 
intercompartmental clearance in L/hr (Q/F), apparent (oral) peripheral volume of 
distribution in L (V3/F), and a first-order absorption rate-constant absorption rate 
constant in 1/hr (ka ). Apparent (oral) steady-state volume of distribution in L (VSS/F) 
was derived from V2/F and V3/F. An oral absorption lag time was fixed to 0.5 hr based 
on previous empagliflozin population PK modeling work (U12-2524). Inter-individual 
random-effect distributions were modeled for CL/F, V3/F, and ka using exponential 
variance models, with a covariance term between CL/F and V3/F, while residual random 
effects were described with a proportional model.  
The final model was an adaptation of the population PK model described in the 
Preliminary POPPK report U12-2524: 
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Final Population PK Model: 

 
Typical population PK parameters (asymptotic 95% CI) given the reference covariates 
(50-year-old non-smoking male, non-Asian race, with BMI 25 kg/m2, eGFR 100 
mL/min/1.73 m2, total protein (TPRO) 70 g/L, alanine transaminase (ALT) 20 U/L, 
aspartate transaminase (AST) 20 U/L, alkaline phosphatase (AP) 70 U/L, and lactate 
dehydrogenase (LDH) 160 U/L) were: 

 CL/F: 10.6 (10.2, 11.1) L/hr 
 V2/F: 3.14 (2.41, 4.10) L 
 Q/F: 6.34 (5.84, 6.89) L/hr 
 V3/F: 70.6 (64.6, 77.3) L 
 ka : 0.196 (0.186, 0.207) 1/hr 
 VSS/F: 73.8 L 

 
Random effect variance estimates describing log-normal population variability in CL=F, 
V3=F, and ka were 0.142 (%RSE: 5.69%), 0.0744 (15.3%), and 0.0262 (22.9%), with 
covariance between random effects on CL/F and V3/F of 0.0447 (21.3%). These variance 
estimates correspond to percent coefficient of variation (CV%) values of 39.1%, 27.8%, 
and 16.3% for CL/F, V3/F, and ka interindividual variance, respectively. 
The effects of covariate factors on empagliflozin PK were investigated. Variability in 
empagliflozin CL/F, and consequently in AUCss, was affected, albeit to varying degrees, 
by eGFR, age, BMI, TPRO, current smoking, female sex, and Asian race. 
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The solid point represents the median and horizontal lines represent the 95% CI for each covariate effect. 
CIs were determined from a nonparametric bootstrap (n = 500) of the final population PK model. Covariate 
effects for continuous covariates (TPRO, AGE, EGFR and BMI) were evaluated at fixed values (e.g., 
EGFR of 15, 30, 50, mL/min/1.73m2) to represent the observed range for each variable. The gray shaded 
area represents a ±25% reference region.  
Figure 17: Estimated covariate effects on empagliflozin exposure 
 
Population Pharmacodynamics: FPG and HbA1c Exposure-Response 

 The empagliflozin PK-PD data set for exposure-FPG and HbA1c response 
modeling was comprised of 4289 patients (2761 on active empagliflozin therapy 
and 1528 on placebo) contributing a total of 25361 FPG observations and dosing 
and covariate data, and 4065 patients (2584 on active empagliflozin therapy and 
1481 on placebo) contributing a total of 22012 HbA1c observations and dosing 
and covariate data. More subjects were available for FPG analysis since it 
included data from studies 1245.2 (U09- 1271), 1245.4 (U09-1970), and 1245.15 
(U10-2326) in addition to the data sets included in HbA1c modeling. Model 
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development proceeded by first fitting an indirect response model, driven by 
empagliflozin exposure (AUCss), to the FPG data. 

 

 
 Covariate effects (baseline FPG, AGE, BMI, SEX, RACE [Asian, Black, or Non-

Asian/non-black], eGFR, concomitant oral anti-diabietic agents [MET, SU, 
pioglitazone (PIO)], and the duration of diabetes [< 1y, 1–5 y, or > 5y]) were 
included in this model as descriptors of variability in the baseline FPG (BFPG) 
and the extent of stimulation (GMAX) for FPG removal (STIM). 

 The median baseline FPG was approximately 8mM (144 mg/dL) for most of the 
studies included (1245.2 (U09-1271), .4 (U09-1970), .19 (U12-1516), .20 (U12-
1517), .23 (U12-1518), .33 (U12-3817) and .36 (U12-1522)). This value was 
approximately 9 mM (162 mg/dL) for studies 1245.9 (U10-2261), .10 (U10-3573) 
and .15 (U10-2326). Covariate effects on BFPG were precisely estimated, i.e., 
wholly contained within � 25% of the reference baseline; this indicated only 
minimal differences in baseline for the covariate ranges observed. For example, 
the estimated BFPG increased by only 6.31% (2.80, 10.2%) with a decrease in 
EGFR from 100 to 15 mL/min/1.73 m2. All other covariates tested had even less 
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effect on BFPG differences. The observed baseline FPG was included as covariate 
effect on BFPG. With this effect, BFPG was estimated to be 8.67mM (7.57, 9.95 
mM) (156 mg/dL [136, 179 mg/dL]) for an observed baseline FPG of 8mM(144 
mg/dL), the approximate median of the Phase III studies. 

 

 
The solid point represents the median and horizontal lines represent the 95% CI for each covariate effect. 
CIs were determined from a nonparametric bootstrap (n = 500) of the final population PK model. Covariate 
effects for continuous covariates (TPRO, AGE, EGFR and BMI) were evaluated at fixed values (e.g., 
EGFR of 15, 30, 50, mL/min/1.73m2) to represent the observed range for each variable. The gray shaded 
area represents a ±25% reference region.  
Figure 18: Estimated covariate effects on empagliflozin response 
 

 The maximal observed decrease in FPG appeared to occur within 1–2 weeks after 
initiation of empagliflozin treatment and was described as being dependent on 
exposure (AUCss). The additional post-treatment FPG data added to this analysis, 
compared to those included in the previous population PKPD analysis (U12-
2524), were typically collected at visits beyond this 1–2 week initial window. The 
rate constant kFPGout,i describing the time to achieve the maximal drug effect 
was therefore fixed at the estimate 
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 (0.0407 1/hr) from the previous model (U12-2524). The estimated (95% CI) 
AUC50 (658 [481, 871] nmol*hr/L) for the function stimulating FPG removal 
(STIM) corresponded to the median empagliflozin exposure from a once daily 
(once daily) dose of approximately 3 mg. The AUC50 parameter corresponds to 
the exposure expected to produce half of the maximal effect. This maximal 
decrease (GMAX) in FPG, expressed as a percentage of the baseline FPG, was 
estimated to be 20.0% (17.9, 22.7) with a BFPG of 8mM(144 mg/dL).GMAX was 
estimated to increase with increased baseline FPG; for example, an increase in 
BFPG from 8 to 9 mM (144 to 162 mg/dL) was expected to increase GMAX by 
9.75% (6.32, 13.6), and from 8 to 10mM(144 to 180 mg/dL) GMAX increased by 
18.2% (13.4, 23.7); of note, these values are relative percentage increases rather 
than percentage point increases. As reference, the GMAX estimate at an observed 
baseline FPG of 8 mM (144 mg/dL), corresponding to BFPG of 8.67mM (156 
mg/dL), was 23.0% (20.2, 26.6).Covariate effects included on GMAX indicated 
that eGFR most notably impacted the empagliflozin exposure-response 
relationship: relative to a reference eGFR of 100 mL/min/1.73m2, GMAX was 
estimated to decrease by -59.4 (-69.0, -45.9)%, -43.5 (-52.4, -32.3)%, -21.5 (-
27.0, -15.3)%, and -12.8 (-16.3, -8.91)% for eGFR of 15, 30, 60, and 75 
mL/min/1.73m2, respectively. 

 An approximate increase in GMAX of 24.1% (12.7, 36.2) was estimated with 
concomitant SU administration. Other concomitant medications (MET, PIO) did 
not significantly impact GMAX, nor did the duration of T2DM or Asian race, 
where a precise and non-significant parameter estimate was considered if the 
95%CI contained the null value and was contained within the ±25% minimal 
effect region. The imprecision of the covariate effect for Black race (-16.2% [-
44.6, 15.0]) resulted in an inconclusive effect of Black race on empagliflozin 
exposure-response. Females, although significantly lower than the reference 
GMAX, were estimated to have only a -10.4% (-16.5, -4.07) decrease in this 
parameter. 

 The remaining covariate effects, BMI and AGE, were expected to only marginally 
impact empagliflozin exposure-response through the GMAX parameter. Notably, 
though, these effects were independent of each other and eGFR. In addition, these 
effects were noted after accounting for their independent effects on exposure (PK) 
described above. Relative to a reference BMI of 25 kg/m2, GMAX was expected 
to decrease by -21.6% (-33.0, -8.74), -13.0% (-20.5, -5.10), -7.29% (-11.7, -2.80) 
for BMI of 45, 35 and 30 kg/m2, respectively; and increase by 9.70% (3.53, 16.4) 
for BMI of 20 kg/m2. Similarly, relative to the reference age of 50 years, GMAX 
was expected to decrease by -16.1% (-22.9, -8.41) and -10.7% (-15.5, -5.53) for 
ages of 75 and 65, respectively, and increase by 4.66% (2.31, 6.99) and 16.7% 
(8.03, 25.7) for ages of 45 and 35 years, respectively. 

 Interindividual variability for BFPG and GMAX, and FPG residual variability 
estimates (CV%) were 12.9%, 50.7%, and 15.7%, respectively. 
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The described changes in FPG were then used within another indirect response model to 
describe longitudinal changes in HbA1c: 

 
 The HbA1c half-life calculated from kHbA1c,out was approximately 3.35 (2.79, 

4.04) weeks. Therefore, maximal changes in HbA1c following initiation of 
empagliflozin treatment would be approached by approximately 12 weeks (>3 
half-lives) and almost entirely achieved by 24 weeks (>6 half-lives). 

 Covariate effects specific to HbA1c, as estimated on the parameter kHbA1c,out, 
were generally non-significant (i.e., 95% CIs included null value), although not 
precisely estimated, i.e., they included both the null value and extended beyond 
�the 25% reference range. The exception was the effect for MET concomitant 

use, which was estimated to have an increase in kHbA1c,out of 57.4% (38.3, 
81.3). 

 Interindividual variability for kHbA1c,out and HbA1c residual variability 
estimates (CV%) were 15.2% and 5.73%, respectively. 

 Overall, the FPG and corresponding HbA1c responses were dependent on drug 
exposure and the baseline FPG. For example, the predicted maximal decreases 
(steady-state) in FPG and HbA1c at the reference baseline FPG (8 mM, 144 
mg/dL) were 1.6 mM (20%), or 28.8 mg/dL, and 0.8 percentage points, 
respectively. This reference baseline FPG (8 mM, 144 mg/dL) equated to a 
baseline HbA1c of 8.0%. In addition, targets of 80% and 90% of the maximal 
response after 24 weeks of treatment for FPG and HbA1c were obtained by 
empagliflozin doses of approximately 10 and 25 mg, respectively, based on the 
AUC50 estimate. Therefore, although both doses were expected to provide near 
maximal responses, the 25 mg once daily dose of empagliflozin may provide 
additional HbA1c lowering. For example, the median HbA1c was predicted to 
decrease by -0.62% (10 mg) and -0.71% (25 mg) after 24 weeks of empagliflozin 
treatment for a baseline HbA1c of 8.0% in the typical patient. 
 

Basic goodness of fit plots for the Sponsor’s final model are shown in Figure 19. 
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Figure 19: Basic goodness of fit plots for the Sponsor’s final PK model (Top row 
shows plots for two clinically relevant doses 10 mg and 25 mg)  

Source: Population PKPD Study Report, Page 132, 133, 137, 138 
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The parameter estimates for the final PK and PKPD model are presented in Table 1 and 2 
below. 

Table 1: Parameter Estimates of Final PK Model   

 

Source: Sponsors Response to Information Request, Page 34 dated 10/02/2013 
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Table 2: Parameter Estimates of Final Model   

 

Source: Sponsors Response to Information Request, Page 34 dated 10/02/2013 
 
Figure 20 shows the visual predictive check (VPC) plot of the PK data from final PKPD 
model (2019). Overall, after incorporating a number of covariates approximately 95% of 
the observations for major part of the concentration-time profile (except around trough) 
lie within the predicted interval, indicating that model reasonably describes the data. 
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Figure 20: Visual predictive check of the final population PK model for studies 
1245.9, .10, .19, .20, .23, 33, and .36. Dashed lines represent median (red), 2.5th and 
97.5th (black) percentile of the observations; grey area represents 95% CI of the 
respective metrics from n=300 simulations. The left panel includes all observations 
and the right panel excludes those observations that were flagged having a |CWRES| 
>3. Source: Sponsors Response to Information Request, Page 2  dated 10/02/2013 
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Figure 21: Goodness of fit plots for FPG data using final model 4030.ctl 
Source: Sponsors Population PKPD Report, Page 190
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Figure 22: Goodness of fit plots for FPG data using final model 4030.ctl 
Source: Sponsors Population PKPD Report, Page 192 
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2.2 Sponsor’s Conclusions 

 The population PK of empagliflozin in T2DM patients was described by a two-
compartment model with first-order absorption. 

 Variability in empagliflozin CL/F and AUCss was primarily affected by BMI, 
eGFR, TPRO, age, female sex, and Asian race. Under the PK model, typical CL/F 
and AUCss values were generally within 75 to 125% of the reference group value 
across the range of most commonly observed covariate values. The typical AUCss 
increased by 18.5% (95% CI: 13.0, 24.8), 49.2% (95% CI: 39.2, 60.6), 88.1% 
(95% CI: 69.9, 107) in patients with an eGFR of 60, 30, and 15 mL/min/1.73m2, 
respectively, compared to a reference patient with an eGFR of 100 
mL/min/1.73m2. Other covariates tested included smoking status and liver 
enzymes (LDH, AST, ALT, and AP) did not have a significant effect on the PK of 
empagliflozin. FPG and HbA1c responses were described as being dependent on 
drug exposure. The maximal effect (20% lowering of FPG) achieved by 
empagliflozin treatment was increased with increasing baseline FPG. 

 The maximal effect is attenuated with decreased eGFR despite an increase in 
empagliflozin exposure, but was still maintained to nearly half of the maximal 
effect with eGFR as low as 30 mL/min/1.73m2. The exposure-response modeling 
estimated that targets of 80% and 90% of the maximal response after 24 weeks of 
treatment for FPG and HbA1c were obtained by oral empagliflozin once daily 
doses of approximately 10 and 25 mg. 

 Overall, targets of 80% and 90% of the maximal response after 24 weeks of 
treatment for FPG and HbA1c were obtained by empagliflozin doses of 
approximately 10 and 25 mg, respectively, based on the AUC50 estimate. 
Therefore, although both doses were expected to provide near maximal responses, 
the 25 mg once daily dose of empagliflozin may provide additional HbA1c 
lowering. 

Reviewer’s comments on Sponsor’s Population PK Analysis: 

 Sponsor’s population PK analysis appears reasonable to support the labeling 
statements. However, based on the goodness of fit plots (see Figure 19) and the visual 
predictive checks (VPCs; see Figure 20), there appears to be a systematic bias in the 
model predictions as the model was unable to explain trough concentrations. This 
indicates that PK model is not able to completely capture the inter-individual 
variability. 

 Nevertheless, the covariates that were identified in the final model are likely not to be 
clinically significant as the magnitude of effect on systemic exposure of empagliflozin 
is within 20-30% (see Figure 17) except that for eGFR. However, since renal 
function affected systemic exposure (increased) and efficacy (decreased) in opposite 
directions, this increase in exposure is not considered clinically relevant. Therefore, 
no exposure based dose-adjustments are proposed for patients with renal 
impairment. 

 Sponsor’s conclusion that no dose adjustment based on age, gender, and body mass 
index, is supported by the population PK analysis results and is acceptable. There 
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were adequate representation with regards to gender (~55% males and ~45% 
females), age (19-98 years), eGFR (9.5 – 218 mL/min/1.73m2), and BMI (15.4 – 89.8 
kg/m2). However, the statement with regards to impact of Race, categorized based on 
Asians and Whites, on empagliflozin exposure are acceptable as the source data used 
in population PK or PKPD analysis was primarily derived from White (56%) or 
Asian (41%) and did not have adequate representation for black (2.5%) or others 
(<1%) populations. Population PKPD analysis data was primarily derived from 
Whites (52%) or Asian (46%) and did not have adequate representation for black 
(1.5%) or others (<1%) populations.  

Reviewer’s comments on Sponsor’s Population PKPD Analysis: 

 Sponsor’s population PKPD analysis appears reasonable. Overall, the model 
explained the fasting plasma glucose and HbA1c data from various trials. However, 
the model was limited with respect to the predictability of the efficacy response in 
patients with moderate renal impairment and severe renal impairment (see Figure 25 
in Appendix). One of the possible limitations of the model is that it is not fully 
mechanistic and is purely driven by the assumption of indirect response relationship 
between systemic exposure and stimulation of FPG utilization. This assumption seems 
to be true as long as the renal function is normal and renal handling of drug and 
glucose are unaltered. However, in presence of renal impairment, where the PKPD 
studies showed a decrease in both amount of drug excreted in urine as well as effect 
on 24-hour urinary glucose excretion with decrease in eGFR, this assumption was 
not entirely true. This aspect could not be explained by the model even if eGFR was a 
covariate on both, empagliflozin CL/F (accounting for increase in exposure) and 
GMAX (accounting for decrease in maximal stimulation of FPG utilization with 
decrease in renal function). This model was not utilized to predict the response for 10 
mg dose in patients with moderate renal impairment (This dose was not studied in 
patients with moderate renal impairment in Phase 3 trial 1245.36). Also, this model 
was also not utilized for any regulatory decision making other than to conclude that 
exposure-response for HbA1C was relatively flat (see Figure 26 in Appendix), 
consistent with dose-response data from several phase 3 trials. 

3 RESULTS OF REVIEWER’S ANALYSIS 

3.1 Objectives 

The primary objective was to re-run and confirm the results of sponsor’s population PK 
and PKPD analyses using NONMEM and the adequacy of the proposed label claims that 
there are no clinically meaningful effects of gender, BMI, age, race on empagliflozin 
pharmacokinetics. 

3.2 Methods 

3.2.1 Data Sets 

Data sets used are summarized in Table 3. 
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Table 3: Analysis Data Set 

Description and  Link to EDR\\Cdsesub1\evsprod\NDA204629\0000\m5\datasets\u12-2525\analysis 

 

 

3.2.2 Software 

NONMEM version 7.2 and S-plus (TIBCO Spotfire S+ Version 8.1) were used for 
reviewer’s analysis. 

3.3 Results 

Sponsors population PK and PKPD model runs were reproducible using the input data 
and model files provided by the sponsor. 
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4 APPENDIX TO PHARMACOMETRIC REVIEW  

Appendix 4.1: Longitudinal Efficacy Data from Add-on Therapy Trials 
The time-profiles for the mean change from baseline in HbA1c in add-on therapy trials 
are shown in Figure 21, 22, 23, 24 below for FAS (full analysis set)-LOCF and FAS-OC 
(Observed case, non-LOCF data). HbA1c (%) change from baseline based on FAS-LOCF 
data is generate from ANCOVA results over time. Model included treatment, baseline 
eGFR (MDRD), background medication and visit as fixed effects and baseline HbA1c as 
a linear covariate. HbA1c (%) change from baseline based on FAS-OC data is generated 
using MMRM results over time. Model included treatment, baseline eGFR (MDRD), 
region, visit and visit by treatment interaction as fixed effects and baseline HbA1c as a 
linear covariate. 
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Figure 23: Time-profiles for adjusted mean (SE) change from baseline in HbA1c in 
Phase 3 trials. 

 

A: Monotherapy trial 1245.20 FAS-LOCF [Source: Sponsor’s Figure 15.2.1.2.2: 7 
in Report U12-12-1517-01 Page 390] 

  
B: Monotherapy trial 1245.20 FAS-OC [Source: Sponsor’s Figure 15.2.1.2.2: 1 in 
Report U12-12-1517-01 Page 384]  
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C: Add-on to Pio±Met trial 1245.19 FAS-LOCF [Source: Sponsor’s Figure 
15.2.1.2.2: 7 in Report U12-12-1517-01 Page 323] 

D: Add-on to Pio±Met trial 1245.19 FAS-OC [Source: Sponsor’s Figure 
15.2.1.2.2: 1 in Report U12-12-1516-02 Page 311]  
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E: Trial 1245.23 Add on to Metformin only part [Source: Sponsor’s Figure 
15.2.1.2.2: 5 -FAS (LOCF) in Report U12-1518-01 Page 518] 

 
F: Trial 1245.23 Add on to Metformin only part [Source: Sponsor’s Figure 
15.1.2.1.2.2: 1 -FAS (OC) in Report U12-1518-01 Page 514] 
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G: Trial 1245.23 Add on to Metformin+SU part [Source: Sponsor’s Figure 15.2.1.2.2: 5 - 
FAS(LOCF) in Report U12-1518-01 Page 2265] 

H: Trial 1245.23 Add on to Metformin+SU part [Source: Sponsor’s  Figure 15.2.2.1.2.2: 1  in 
Report U12-1518-01 on Page 2261] 
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Figure 24: Time-profiles for adjusted mean (SE) change from baseline in HbA1c in 
dedicated efficacy/safety trial in patients with Renal Impairment (RI) (1245.36) 

A: Trial 1245.36 FAS-OC in Mild RI [Source: Sponsor’s Figure Figure 15.2.1.2.3.1: 1 - FAS(OC) 
in Report U12-1522-01 Page 1247] 

 

B: Trial 1245.36 FAS-OC in Mild RI [Source: Sponsor’s Figure  Figure Figure 15.2.1.2.3.1: 5 - 
FAS(LOCF) in Report U12-1522-01 Page 1279] 
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C:  Trial 1245.36 FAS-OC in Moderate RI-A [Source: Sponsor’s  Figure 15.2.1.2.3.2: 1  in Report 
U12-1522-01 on Page 1308] 

D:  Trial 1245.36 FAS-OC in Moderate RI-B Figure 15.2.1.2.3.2: 1 
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Figure 25: Observed and model simulated (indicated by down arrows) change from 
baseline in HbA1c for dedicated efficacy/safety trial in patients with Renal 
Impairment (RI) (1245.36) 

 
[The model predicted data was provided by the sponsor in response to the information 
request sent after the Mid-Cycle discussion. See the sponsor’s response to Information 
Request, dated 10/02/2013 in the EDR] 
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Figure 26: Efficacy E-R FPG-HbA1c Model 4030 Diagnostic Plots: Population 
Predicted and Observed HbA1c Change from Baseline vs. AUC 

 
  
[Source: Figure 106 on Page 208 of Population PKPD report U12-2525-01] 
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III) BIOPHARMACEUTICS ASSESSMENT-QUESTION BASED 
REVIEW APPROACH

A) GENERAL ATTRIBUTES
1. What are the highlights of the chemistry and physico-chemical properties 

of the drug substance (e.g. solubility) and formulation of the drug 
product?

Drug Substance
Empagliflozin is described chemically as D-Glucitol, 1, 5-anhydro-1-C-[4-chloro-3-[[4-
[[(3S)-tetrahydro-3-furanyl] oxy] phenyl] methyl] phenyl]-, (1S).  It is claimed to be a 
selective inhibitor of the sodium glucose co-transporter 2 (SGLT-2). 

The empirical formula is C23H27ClO7 and the molecular weight is 450.91 g/mol. The 
structural formula is shown below. 

Empagliflozin has a and its solubility is pH independent in the 
physiological range.  Empagliflozin has a solubility of 0.28 mg/ml in water at 20 °C (See 
Table 1).   

Table 1:  Solubility profile of Empagliflozin in aqueous media at room temperature

At 37 °C, Empagliflozin solubility in water increased to 0.47 mg/ml (See Table 2).  
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24.   Was dissolution included in the DoE? What raw materials and process 
variables are identified as having an impact on dissolution? What is the 
risk assessment performed to evaluate the criticality of dissolution?

NA

25. What biopharmaceutics information is available to support the clinical 
relevance of the proposed design space?

NA

26. Is there any dissolution model information submitted as part of QbD 
implementation? What is the regulatory application of the dissolution 
model in the submission? What data are provided to support the 
acceptability of the dissolution model?

NA
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responsible for glucose absorption in the gut. In addition, high selectivity was shown 
toward other glucose transporters (GLUTs). SGLT2 is highly expressed in the kidney, 
and is the predominant transporter for re-absorption of glucose from the glomerular 
filtrate back into the systemic circulation. In patients with type 2 diabetes and 
hyperglycemia a higher amount of glucose is filtered and reabsorbed. By inhibiting 
SGLT2 empagliflozin reduces renal re-absorption of glucose. This promotes increased 
urinary glucose excretion resulting in reduction of blood glucose levels. 
 
The clinical program comprises 30 phase I trials and 13 phase IIb/III trials. Overall, 
13767 subjects were treated in these clinical trials, 6808 patients were treated with 
empagliflozin for at least 24 weeks, 4415 patients for at least 52 weeks, and 1486 patients 
for at least 76 weeks. In clinical studies, empagliflozin was evaluated as monotherapy 
and in combination with metformin, glimepiride, pioglitazone, insulin, and DPP-4 
inhibitors. During the clinical development program, the sponsor also assessed the 
cardiovascular (CV) risk associated with empagliflozin therapy by conducting a 
prospective, pre-specified meta-analysis of independently adjudicated cardiovascular 
events. 
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