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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.

IT) 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.
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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:
e 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/1.73m’ [Includes
patients with Normal Renal Function (¢GFR >90 mL/min/1.73m?), Mild
Renal Impairment (90>eGFR>60 mL/min/1.73m?), and Moderate Renal
Impairment-A (60>eGFR>45 mL/min/1.73m?%)]:

e 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/1.73m* (Includes
patients with Moderate Renal Impairment-B, Severe Renal Impairment and
End-stage Renal Disease):

e 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 HbAlc 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) HbAlc data
from the placebo-controlled Phase 3 trials showed the following:

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

e 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 HbAlc
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 HbAlc reduction of up to
0.14% units at population level.

There was however, a dose-dependent increase in proportion of patients who
achieved <7% HbA ¢ 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 HbAlc by treatment from the confirmatory

Phase

Change from baseline in HbA1c (%)

3 trials is shown in Figure 1 below.

Adjusted Mean (+SE) Change in HbA1c by Treatment at Week 24 in Pivotal Phase 3 Trials (FAS-LOCF)

0.25
o ‘QD Treatment (mg) M Placebo [/ Empa10mg M Empa25mg M Sitagliptin 100 mg
0.00 —j ! !
- -0.13
05 0.11 -
-0.50
-0.59
-0.75 4 -
0.66 076
-0.72
-0.78 -0.77 -0.77
-0.82
-1.00 - , ‘ : .
1245.20 (MONO) 1245.19 (PIO*MET) 124523 (+MET) 124523 (+MET+SU)

Trial

EMPA = empagliflozin, CI = confidence interval, LOCF = last observation carried forward,
FAS = Full Analysis Set, MONO= Monotherapy, MET= Metformin, SU = sulfonylurea, P1IO
= Pioglitazone.

Figure1 Mean (95%CI) Changes from Baseline in HbAlc (%) 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 HbAlc 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 HbAlc 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 HbAlc reduction with the latter. The proportion of subjects who achieved target
HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc
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 HbAlc
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 1U in the empagliflozin 25 mg group (97.5% CI: -
11.00, -0.85). At Week 18, among patients with a baseline HbAlc 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 HbAlc 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 HbAlc levels with increasing degree of renal impairment in subjects with
type 2 diabetes. The reduction in HbAlc 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).

Mean (95%CI) Change in HbAlc by Treatment at Week 24 in Renal impairment (1245.36)
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Figure 2 Mean (95%CI) change from baseline in HbAlc 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 HbAlc 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/1.73m’ (Figure 2). Based on absolute response, empagliflozin
showed modest efficacy in patients with eGFR 30 to <45 mL/min/1.73 m® per se
[absolute mean (SE) change from baseline in HbAlc of —0.21 (0.07)]. However, placebo
adjusted response for empagliflozin 25 mg once daily dose (Mean reduction in HbAlc of
-0.39% unit) seems to be inflated by worsening of HbAlc response in placebo group
[absolute mean (SE) change from baseline in HbAlc of 0.17 (0.07)] in eGFR 30 to <45
ml/min/1.73 m? 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.
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Figure 3 Dose-response for adverse events in pooled clinical data (SAF-5)
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e 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.
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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/ 1.73m?) and
mild renal impairment (90>eGFR >60 mL/min/1.73m?): 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 HbAlc 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 HbAlc reduction of up to 0.14% units. In addition, there
was a dose-dependent increase in proportion of patients who achieved <7% HbAlc 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 HbAlc (% 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 HbAlc) 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/1.73m?): 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 HbAlc
(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/1.73m?, demonstrated that the efficacy in
patients with moderate renal impairment was primarily driven by the subjects with
baseline eGFR>45 mL/min/1.73m” where, mean (SE) HbA ¢ 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.

NDA 204629 OCP Review Final 12
Reference ID: 3403875



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/1.73m” 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/1.73m” subgroup.
Note that a similar post-hoc analysis for two other SGLT-2 inhibitors (canagliflozin and
dapagliflozin) showed that HbAlc response for patients with eGFR 30 to <45
mL/min/1.73m” didn’t worsen on placebo treatment. With respect to safety comparison
between eGFR 45 to <60 mL/min/1.73m” (generally regarded as Moderate RI-A) and
eGFR 30 to <45 mL/min/1.73m” (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/1.73m’.

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

Type 2 diabetes mellitus patients, eGFR<30 mL/min/1.73m* (Severe Renal
Impairment and End-stage Renal Disease): For patients with eGFR<30
mL/min/1.73m* 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/1.73m”.

QT/QTe: 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) AUCO0-00 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 ['*CJ-empagliflozin solution (50 mg; ~100uCi) 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, UGT1AS, and UGT1AO.

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/1,73m’, empagliflozin will not be used in elderly patients with
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relatively poor renal function (e€GFR<45 ml/min/1,73m?), 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/ 1.73m?), moderate
(eGFR: 30 to <60 mL/min/1.73m%), and severe (eGFR: <30 mL/min/1.73m%) 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/1.73m?). 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, AUCO-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 (AUCO0-00/AUCO-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 UGEO-
24h. Notably, 14% Fe was still in maximal region of Fe0-24h — UGE(-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
HbAlc 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 OATPIB1 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
HbAlc levels should be monitored when using empagliflozin in type 2 diabetic patients
who are taking rifampicin or other inducers of UGT2B7, UGT1A3, UGT1AS, and
UGTI1AO.

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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Geometric mean ratio (90% confidence interval)

Antidiabetic drugs Metformin, 1000 mg, twice daily” AUC —
Cmax ——
Glimepiride, 1 mg® AUC -
Cmax ——
Pioglitazone, 45 mg, once dailya*b'd AUC ——
Cmax ———
Sitagliptin, 100 mg, once daily” AJUC —
Cmax —_——
Linagliptin, 5 mg, once daily® AUC —o—
Cmax —
Cardiovascular drugs Simvastatin, 40 mg® AUC -
Cmax —_——
Warfarin, 25 mgb AUC -~
Cmax ——
Verapamil, 120 mg® AUC Lo
Cmax ——
Ramipril, 5 mg, once daily® AUC -
Cmax ——
Gemfibrozil, 600 mg, twice daily® AUC ——
Cmax —
Diuretics Hydrochlorothiazide, 25 mg, once daily®  AUC L -—
Cmax A ——
Torasemide, 5 mg, once dail)}) AUC ——
Cmax —
Others Rifampicin, 600 mg® AUC —.—
Cmax —_—
Probenecid, 500 mg, twice dailyd AUC ——
Cmax —_——
f T I T T !
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Change relative to empagliflozin alone

* empagliflozin, 50 mg, once daily; ® empagliflozin, 25 mg, once daily; ¢ empagliflozin, 25 mg, single dose; ¢ empagliflozin,
10 mg, single dose

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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Geometric mean ratio (90% confidence interval)

Antidiabetic drugs Metformin, 1000 mg, twice daily® /éLrJnC;X =
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Change relative to other medication alone

* empagliflozin, 50 mg, once daily; * empagliflozin, 25 mg, once daily; © empagliflozin, 25 mg, single dose; ¢ empagliflozin,
10 mg, single dose; administered as simvastatin; T administered as warfarin recemic mixture; ¢ administered as ramipril;
"administered as Microgynon®

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 D-Glucitol, 1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-
(IUPAC) tetrahydro-3-furanyl]oxy]phenyl] methyl]phenyl]-,(1S)
Molecular Formula/
Weight C23H27Cl07 /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 ol
Chiral Inversion o
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The proposed commercial presentations of empagliflozin are film coated immediate
release tablet containing 10 or 25 mg empagliflozin (See Table 2 below). Sponsor
mentioned that empagliflozin drug substance el

. The particle size for empagliflozin drug substance is

tightly controlled to O@ m el
Table 2 Quantitative Composition of the Empagliflozin Tablets
: [mg / tablet] | [mg / tablet] : Reference to
Ingredient 10 mg 35 mg Function Standards
(®) (4)
iy < Drug Company
o 2 o

Empagliflozin 10.000 25.000 substance . standard

Lactose monohydrate 'NF

Microcrystalline NF

cellulose

Hydroxypropylcellulose NF

Croscarmellose sodium NF

Colloidal silicon dioxide NF

Magnesium stearate NF

®) (4)

USP
Company
standard
USP

Total mass of

25 2
film-coated tablet 251.0 206.0

*) Removed during processing: does not appear in the final drug product

2.2  General Clinical Pharmacology

2.2.1 What are the features of the clinical pharmacology studies and the efficacy
and safety trials used to support dosing or claims?

The clinical pharmacology and biopharmaceutics program for empagliflozin is supported
by studies that compare different developmental and intended commercial drug product
formulations, food effect, effect of co-administered drugs, and population
pharmacokinetic/pharmacodynamics analysis (See Table 3).
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Table 3
Empagliflozin

Overview of Clinical Pharmacology and Biopharmaceutics for

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

Trial 1245.1

Trial 1276.9
Trial 1245.8 Human ADME study
Trial 1245.16 | Thorough QT study

Trial 1245.79

Trial 1245.51

Single rising dose study in Caucasian healthy volunteers

Once daily vs. twice daily regimen in healthy volunteers

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 With metformin
Trial 1245.7 With glimepiride
Trial 1245.17 | With pioglitazone
Trial 1245.50 | With pioglitazone
Trial 1245.18 | DDI with warfarin
Trial 1245.27 | DDI with sitagliptin
Trial 1245.30 | DDI with linagliptin
Trial 1245.63 | 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
torasemide (diuretics)

With OCs (ethinylestradiol
levonorgestrel)

and

and

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

Trial characteristics Trial number Reference  Geographical regions Duration

analysed

Pivotal double-blind 1245.19 [U12-1516] Europe, Asia, North America 24 weeks
phase III trials

1245.20 [U12-1517] Europe, Asia, North America 24 weeks

1245.23 e [Ul2-1518] Europe, Asia, North America, Latin 24 weeks

America

1245.23 or+50) [U12-1518] Europe, Asia, North America, Latin 24 weeks

America
Double-blind phase III  1245.31 [U12-1521] Europe, Asia, North America, Latin 52 weeks'
extension trials America
Additional phase 124528 [U12-1520] Europe, Asia, North America, Latin 52 weeks’
IIb/III double-blind America, Africa/Middle East
individual trials
1245333 [U12-3817] Europe, Asia, North America, 78 weeks
1245.48 [U12-1526] Europe, North America, Africa/Middle 12 weeks
East
1245.36 [U12-1522] Europe, Asia, North America, 52 weeks
Africa/Middle East
1245.25 No clinical Europe, Asia, North America, Latin 12 weeks'
trial report  America, Africa/Middle East
available
Open label phase IIb ~ 1245.24 [U12-1213] Europe, Asia, North America, Latin 90 weeks’
extension trial America

T Including the 24-week treatment duration in the preceding trials; 52-week efficacy data from a prespecified interim

analysis are included in this submission. The overall planned duration (initial trials + extensions) is 76 weeks

Minimum duration at time of interim analysis; overall planned duration is 208 weeks

Trial 1245.33 was conducted in patients with basal insulin as background therapy. This trial was originally designated as
a phase IIb trial. Since it had confirmatory testing introduced via a protocol amendment, it is considered to be equivalent
to a confirmatory phase III trial for the assessment of the efficacy and safety of empagliflozin

Minimum duration at time of interim analysis; overall anticipated duration is between 6 and 8 years

Data from a combined analysis with the preceding double-blind preceding trials 1245.9 and 1245.10 are presented

2

3
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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 Alc (HbAlc): The primary efficacy endpoint in the pivotal Phase 3 trials
was the change in HbAlc from baseline at week 24. In addition to HbAlc, 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).

— 100004

lozin

Empaglif

Time [hours]
®- )5 ng Empagliflozin, fosted (N=18) & 10 mg Empogliflozin, fasted (N=18)

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) AUCO0-0 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)
Parameter 10 mg empagliflozin fasted 25 mg empagliflozin fasted
(treatment C) (treatment A)
N=18 N=18
AUC,, [nmol'-h/T] 2330 (26.7) 5490 (25.9)
AUC,.. [nmol-h/L] 2360 (26.7) 5550 (26.0)
Cym [OVL] 377 (26.2) 867 (26.8)
e [1] 1.09 (27.3) 1.38 (60.6)
t,. [h] 11.9 (40.7) 11.5 (35.9)
A [1/h] 0.0658 (31.8) 0.0678 (33.9)
MRT,, [h] 9.56 (16.8) 9.36(17.2)
CL/F [mL/min] 167 (26.2) 177 (25.1)
V,F [L] 168 (41.4) 172 (38.5)

Distribution

The apparent steady-state volume of distribution ranged from 180-230 L. Following
administration of an oral ['*C]-empagliflozin solution (50 mg; ~100uCi) 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, UGT1AS, 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
Feces + Urine
Human Male Plasma (95.6% of dose) "
Feces Urine

Compounds 2 hr 6 hr 12 hr (41.1% dose) | (54.5% dose)| Total
00 00 l)o 00 00 ()0 00 00
Mcr | aM | [“C]| oM | [®C]| nM | [**C] | dose | [*C] | dose| dose

b b b b a b a a

M482/1 12 | 243 | 18 | 171 | 31 | 115 | 46 1.9 52 | 28 | 47
M626/1° 62 | 109 | 50 | 422 | 52 | 193 | --f = 144 | 78 | 78
M626/2 ¢ 37 | 628 | 60 | 494 | 33 | 123 - - 39 | 21 | 21
M468/1 04 | 56 | 02 | 15| - = 1.4 0.6 = - | 06
M626/3 ¢ 74 | 127 | 63 | 534 | 54 | 201 - - 241 | 132 | 132
M464/1 05 | 85 | 04 | 31 | 1.1 | 41 2.6 1.1 15 | 09 | 20
Empagliflozin | 77.4 | 1320 | 755 | 638 | 762 | 283 | 82.9 | 342 | 435 | 237 | 579
Total 96.8 | 1660 | 95.0 | 805 | 943 | 351 | 915 | 37.8 | 92.6 | 50.5 | 883

* % of dosed radioactivity.
® 9% of sample radioactivity.
Gluc
OH
OH

Figure 9
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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.
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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)

NDA 204629 OCP Review Final 26
Reference ID: 3403875



4000 1
i
1
1
400 — 1
1
1
3000 !
- 1
3 i
o -

g 300 = :
= S 1
< E i
g ;—; 2000 -:.
£ 2004 i S
> > i
Q 1
< 1
w 1
1000 ]
100 h
1
1
1
1
1
1
0+ —o 0+ !

T T T T T T T T L) T T T

0 12 24 36 48 60 72 12 24 36 48 60

Time (hr) Time (hr)
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).
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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).
140000 - '
¢ Ae0-24 |
120000 1 __pregicted | ¢
— ]l __ J
E 100000 EC50 | ® o
@ 80000 - I
Q |
= 60000 |
o |
: -
g 40000
T 20000 ;
0
10 100 1000 10000 100000
Ae0-24h Empagliflozin (nmol)
Figure 13 Observed and predicted Ae0-24 glucose in wurine 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:

e 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)

e 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

e 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.

—— 10 mg

10,000 —5— 25mg
1 —o— 100 mg

1,000 1 ¢

100

0 24 648 672 696 720 744
time (h)

Bl 10773 plasma concentration (nmol/L)

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 (CLg.24p; 30.1 to 33.0 mL/min) and Day 9
(CLR1gs; 36.2 to 37.0 mL/min).

The summary statistics of pharmacokinetic parameters for empagliflozin are presented in
Table 7 below.

NDA 204629 OCP Review Final 29
Reference ID: 3403875



Table 7 Pharmacokinetic parameters of empagliflozin on (a) Dayl and (b)
Day 2 after multiple once daily oral doses of 10, 25, 100 mg

(a): Day 1
Parameter Unit 10 mg 25 mg 100 mg
Mean % CV Mean % CV Mean % CV
AUC 24 [nmol-h/L] 1550 16.2 3930 229 15900 21.2
AUC ins [nmol-h/L] 1740 16.4 4340 23.1 18000 243
AUC p.infnorm [nmol-h/L/mg] 181 222 184 19.9 171 233
%AUC iyt [%] 10.9 26.7 9.36 28.8 11.4 348
Crnax [nmol/L] 309 452 722 20.0 2630 25.8
G — [nmol/L/mg] 30.9 452 28.9 20.0 26.3 25.8
Caa [nmol/L] 15.1 244 34.8 30.0 169 425
tmax [h] 1.50 29.8 1.39 28.7 1.60 30.9
tin [h] 8.76 13.0 8.24 14.9 8.67 18.7
MRT,, [h] 10.1 14.2 9.34 133 10.5 18.2
CL/F [mL/min] 218 153 223 21.2 215 20.8
V,/F [L] 165 20.1 158 222 159 22.8
Ae.ay [nmol] 2780 24.0 7360 245 30300 341
feo.o4 [%] 12.5 24.0 133 245 13.7 34.1
CLg 0.24 [mL/min] 30.1 25.1 324 28.1 33.0 393
(b): Day 28
Parameter Unit 10 mg 25 mg 100 mg
Mean % CV Mean % CV Mean % CV
AUC 4 [nmol-h/L] 1870 15.9 4740 21.2 18700 25.2
AUC g norm [nmol-h/L/mg] 187 15.9 189 21.2 187 252
Crnaxss [nmol/L] 259 24.8 687 18.4 2390 28.1
C i ss.norm [nmol/L/mg] 259 24.8 27.5 18.4 239 28.1
C i ss [nmol/L] 17.9 29.6 399 483 204 479
Coans [nmol/L] 204 25.5 48.2 36.8 228 452
Cave [nmol/L] 78.0 15.9 197 21.2 781 25.2
tmax.ss [h] 1.72 42.5 1.55 499 1.87 72.2
/2.5 [h] 13.2 44.7 13.3 32.6 16.5 47.9
MRT [h] 11.6 16.2 11.4 17.8 13.0 20.6
CL/F 4 [mL/min] 202 15.9 203 214 208 22
V/F [L] 225 41.3 237 40.7 293 51.1
PTF [%] 307 15.6 335 19.3 285 259
Linearity index [%] 1.09 11.1 1.10 12.5 1.04 9.21
Raauc [%] 1.22 13.1 1.22 12.5 1.18 11.2
R cmax [%] 0.916 27.7 0.973 21.2 0.933 254
Ae€o4ss [nmol] 4060 25.0 9890 17.8 38800 28.3
fe0.24.5 [%] 18.3 25.0 17.8 17.8 17.5 28.3
CLR1ss [mL/min] 37.0 31.1 36.2 26.3 36.5 35.2
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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

95% confidence interval for exponent

Parameter Unit Exponent

lower upper
Cax [nmol/L] 0.9382 0.8691 1.0073
AUC.24 [nmol-h/L] 1.0081 0.9581 1.0582

(b) After multiple doses:

95% confidence interval for exponent

Parameter Unit Exponent

lower upper
Conax.ss [nmol/L] 0.9489 0.8839 1.0140
AUC & [nmol-h/L] 0.9923 0.9384 1.0461

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.

100000
;l; D Day 1 D Day 27 I Day 28
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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
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Figure 16 Mean rate of UGE (Ue0-5, Ue5-12, Uel2-24 [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 (UGEO-
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.
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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 HbA Ic 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).
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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 - HbAlIc (%) ANCOVA results over time -
FAS(LOCF) in Report UI2-1517-01 Page 388. Model included treatment, baseline eGFR
(MDRD), background medication and region as fixed effects and baseline HbAlc as a linear
covariate.|

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 HbAlc 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.
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Empagliflozin Dose-Response for Efficacy (Percentage achieving <7% HbA1c at Week 24) By Trial - (FAS-LOCF)
50

[QD Treatment (mg) M Placebo 1 10mg B 25mg ]

Change from baseline in HbA1c (%)

1245.20(monotherapy) 1245.23(met) 1245.23(met+SU) 1245.19 (piotmet)
Trial

Figure 19 Proportion of Patients who Achieve <7% HbAlc 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 HbAlc levels with increasing degree of renal impairment in subjects with
type 2 diabetes. The reduction in HbAlc 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 HbAlc 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 HbAlc is observed following
24 weeks treatment with empagliflozin. In moderate RI, however, this trend is primarily
driven by changes in HbAlc from baseline in subjects with eGFR 45 to <60
mL/min/1.73m” [Adjusted mean (SE) HbAlc 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 m” per se [absolute mean (SE) change from baseline in
HbAlc of —0.21 (0.07)]. However, placebo adjusted response for empagliflozin 25 mg
once daily dose (Mean reduction in HbAlc of -0.39% unit) seems to be inflated by
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worsening of HbAlc response in placebo group [absolute mean (SE) change from
baseline in HbA lc of 0.17 (0.07)] in eGFR 30 to < 45 ml/min/1.73 m’ subgroup. At week
24, magnitude of change in HbAlc from baseline in subjects with eGFR< 30
mL/min/1.73m” 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 HbAlc 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
HbAlc 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/1.73m” 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):

e 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.

e 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.

e 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 AAQTcF for moxifloxacin was
greater than 5 ms.

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

Treatment Time (hour) AAQTCF (ms) 90% CI (ms)
BI10773 25 mg 12 1.6 (-0.7,3.9)
BI10773 200 mg 2.5 2.0 (-0.1,4.2)
Moxifloxacin 400 mg* 25 14.4 (11.6, 17.1)

* Multiple endpoint adjustment of 3 time points was not applied. The largest lower bound without
Bonferroni adjustment is 12.2 ms.
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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:
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Reference group: male, non-Asian, non-smoker, TRPO 70, EGFR 100, ALT 20, AST 20, LDH 160, BMI 25, AGE 50

Figure 20 Effect of various covariates on relative empagliflozin exposure
(AUCn,ss/ reference AUCt,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, AUCO-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

G p gMean ratio 90% CI for gMean ratio
ouR Arameter  pepatic impaired /normal group [%]  Lower limit [%]  Upper limit [%]

Mild liver AUC,., 123.15 98.89 153.36

impairment Crx 103.81 82.29 130.95
(N=8)

Moderate liver AUC,., 146.97 118.02 183.02

impairment Coax 123.31 97.74 155.55
(N=8)

Severe liver AUC,., 174.70 140.29 217.55

impairment Conax 148.41 117.65 187.23
(N=8)

The subjects in each liver impairment group were compared with 12 healthy subjects.

The extent of exposure (AUCO-o0) 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 (AUCO-oo 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 AUCO0-c0 increased by ~75%; whereas, AUCO0-o of
empagliflozin-2-O- and empagliflozin-6-O-glucuronides was decreased by ~9% and
32%, respectively, and empagliflozin-3-O-glucuronide AUCO-o 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.

2.43 Does the renal function affect empagliflozin pharmacokinetics and
pharmacodynamics?

In patients with mild (eGFR: 60 to <90 mL/min/ 1.73m?%), moderate (eGFR: 30 to <60
mL/min/1.73m%), severe (¢GFR: <30 mL/min/1.73m?) 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 m?). 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 AUCO-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

Group Parameter gMean ratio 90% CI for gMean ratio
renal impaired
/normal group [%] Lower limit [%] Upper limit [%]

Mild renal AUCy.. 118.24 96.17 145.38
impairment

Crnax 118.83 93.62 150.84
Moderate renal AUC,.., 119.94 96.25 149 .47
impairment

Cinax 102.27 79.33 131.85
Severe renal AUC,., 166.29 134 .44 205.68
impairment

Cinax 120.68 94.42 154.25
Kidney failure/ AUC,., 148.29 119.89 183.42
ESRD

Crnax 103.75 81.18 132.61

ESRD: end stage renal disease

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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Correlation of Empagliflozin in Urine and Urinary Glucose Excretion in First 24 hours by Renal
Function
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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 (AUCO0-c0o/AUCO-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

Parameter gMean ratio (fed versus fasted conditions) 95% CT for gMean ratio

[%]' Lower limit [%a] Upper limit [%]
AUC,_, 84.04 80.86 87.34
Coax 63.22 56.74 70.44
AUC,,, 83.53 80.46 86.72

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:

e 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 puM. The glucuronide metabolites also possessed IC50s in excess of 100
uM 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 uM.

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 uM, 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 uM) 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:

Reference ID: 3403875

In MDCK-MDRI 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 pM 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-MDRI1 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 OATP2BI1.
Results for interaction of empagliflozin with OAT1, OAT3, OCT2, OATP1BI,
OATP1B3, MRP2 and BCRP are summarized in the table below.
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Table 13

OATP1B3, MRP2 and BCRP

Interaction of empagliflozin with OAT1, OAT3, OCT2, OATP1BI1,

Transporter 1Cs0 (UM) [T]/1Csp [1:]/1Csp In vivo DDI
prediction
OATI1 >1000 <0.001 not relevant unlikely
OAT3 295 0.0023 not relevant unlikely
OCT2 >1000 <0.001 not relevant unlikely
OATPIBI1 71.8 0.009 not relevant unlikely
OATPIB3 58.6 0.012 not relevant unlikely
OATP2B1 452 0.015 not relevant unlikely
BCRP 114.1 0.006 1.9 unlikely
MRP2 1399 0.0005 0.16 unlikely

e Empagliflozin is a substrate of 3 of the 5 major human solute carrier (SLC)
transporters, including OAT3 (uptake was inhibited by probenecid), OATPIB1
and OATPIB3 (uptake was inhibited by rifampicin), but was not a substrate of
OATI1 and OCT2.

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

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
(OATPIB1 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 UGEO0-24h. Notably, this study was conducted in subjects with
normal renal function and 14% Fe (3060 nmol) was still in maximal region of Ae0-24h —
UGEO0-24h 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 UGEO-
24h. Notably, 14% Fe was still in maximal region of Fe0-24h — UGE(-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
HbAlc 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 HbAlc levels should be monitored when using
empagliflozin in type 2 diabetic patients who are taking rifampicin or other inducers of
UGT2B7, UGT1A3, UGT1AS, 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
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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) .

Geometric mean ratio (90% confidence interval)
i i ' AUC ——
Metformin, 1000 mg, twice daily? e —
Glimepiride, 1 mg? AUC —_—— .
Cmax A
- 1 abd *
" AUC *
Pioglitazone, 45 mg. once daily® alC e
itaglipti i AUC ——
Sitagliptin, 100 mg, once daily oo ¢
Linagliptin, 5 mg, once daily® AUC i
giptin. g y Cmax *
Simvastatin, 40 mg® AUC —®
Cmax hd
; in acid® AUC +
Simvastatin acid s
; b AUC L
R-Warfarin, 25 m —4
g Cmax ——
% i b.f AUC
S-Warfarin, 25 mg Crnox -
Ramipril, 5 mg, once dailyb AUC ——
Cmax —_—
Ramiprilat? AUC r
P Cmax 4_
—_— b
Digoxin, 0.5 m AUC S P
¢ ¢ Cmax +
Hydrochlorothiazide, 25 mg, once dail AUC ——
y . g yb Cmax —‘—
Torasemide, 5 mg, once dail AUC 44—
g yb Cmax __’_
Ethynylestradiol, 30 pg, once daily®" AUC ——
yny Hg y> AJC T
Levonorgestrel, 150 ug, once daily™" AUC +o—
9 13 y Cmax ——
| . I . . . |
50 75 100 125 150
Change relative to other medication alone
2 empagliflozin, 50 mg, once daily; ® empagliflozin, 25 mg, once daily: ¢ empagliflozin, 25 mg, single dose; ¢ empagliflozin,
10 mg, single dose; ¢ administered as simvastatin; * administered as warfarin recemic mixture; & administered as ramipril:
b administered as Microgynon®

Figure 25 Effect of empagliflozin on pharmacokinetics of co-administered drugs
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2.6 General Biopharmaceutics

2.6.1 Is bioequivalence established between the to-be-marketed formulation and
the Phase 2/3 trial formulation and how does it relate to the overall product
development?

The final to be marketed formulation was evaluated in Phase 3 trials (see Table 14
below). The Trial formulation II and Final Formulation FF, intended for commercial
supply, were compared in a relative bioavailability study.

The final formulation was used in the pivotal Phase 3 trials. Therefore, no pivotal
bioequivalence study was conducted. Office of Scientific Investigation inspection was
not requested for any clinical pharmacology study in this application.

Table 14 Details of formulations utilized in various clinical trials
Formulation type General manufacturing principle Clinical studies -
(b) (4 (b) (4)] -
tablets (TF I) Phase I: 1245.1,2. 3.4
tablets (TF II) Phase I: 1245.5,6, 7,12, 13,
17,27, 30, 51
Phase IT: 1245.9. 10, 15, 24,
33
Film-coated tablets (FF) Phase I: 1245.16, 18, 40, 41,
43, 44, 45, 50, 51, 53, 58, 63,
79, 83
Phase II: 1245.38
Phase I1I: 1245.19, 20, 23,
25,28, 31, 36,48

" numbers in bold indicate pivotal clinical studies

Mean empagliflozin concentrations from the Trial formulation II and Final Formulation
FF are presented in Figure 26 below.

The results of statistical analyses showed that the GMR (90% CI) for empagliflozin
AUCO0-0 and Cmax were 101.67% (98.10 to 105.37%) and 99.46% (90.18 to 109.68%),
respectively, with the FF compared to TF-II. The 90% CIs for the GMR of both AUCO0-o0
and Cmax were within the standard bioequivalence criteria of 80 to 125%, indicating that
empagliflozin exposure was bioequivalent when empagliflozin was administered as the
FF or as TF-IL.
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Figure 26 Mean plasma concentration-time profiles of empagliflozin after oral
administration of 25 mg empagliflozin final formulation tablet or empagliflozin trial
formulation II tablet

2.7 Analytical

2.7.1 Are the analytical methods for empagliflozin appropriately validated?

Tandem method for the Analysis of empagliflozin in Human Plasma and urine:
Specific and highly sensitive high performance liquid chromatography tandem mass
spectrometry (HPLC-MS/MS) methods for the quantification of empagliflozin and its
metabolite, EX 609, were developed and validated for human urine and plasma to support
the clinical empagliflozin development program. Assays were validated at Boehringer
Ingelheim Pharmaceuticals, Inc. Bioanalytical Systems, Inc., el

All samples were extracted by solid phase supported
liquid extraction. Before the extraction, stable isotope-labeled drug was added as the
mternal standard. Samples were transferred to 96-well diatomaceous earth extraction
plates and allowed to absorb. The analytes were eluted with isopropyl acetate, evaporated
to dryness, and reconstituted with acetonitrile/water. The reconstituted samples were
mjected into an HPLC-MS/MS system using a C6-phenyl column with a pre-column
filter and an 1socratic elution.

Summary of all major assay validations is presented by site below in Tables 15, 16, and
17.
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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.)

Analytes: empagliflozin Internal Standards: BCs-empagliflozin
EX 609 PCs-EX 609
Matrix: Human Plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.500 -500 ng/mL Assay Volume: 150 uL
(L.11- 1110 nM)
Extraction Method: solid phase supported ~ Regression Type: Quadratic 1/x2
liquid-liquid weighting
Room Temperature 185h Processed Sample 7 days
Plasma Stability: Stability:
Freeze/Thaw 3 cycles Long-term Freezer 106 days
Stability, (-30°C): Stability, (-30°C):
Matrix QC name  Concentration Inaccuracy [%] Imprecision [%]
Empagliflozin EX 609 Empagliflozin EX 609
Plasma LLOQ 0.500 ng/mL 14 24 9.7 5.0
(1.11 nM)
QC mid 20.0 ng/mL 0.5 0.5 2.2 24
e @ANM)
QC high 400 ng/mL 1.0 -0.5 25 29
_____________________ 8 )
ULOQ 500 ng/mL 24 0.6 1.9 23
____________________ (LOBM)
QC dil 2500 ng/mL 6.4 6.0 1.2 32
(df=10) (5550 nM)

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.)

Analytes: empagliflozin Internal Standards: L3C¢-empagliflozin
EX 609 BCe-EX 609
Matrix: Human Urine Detection Method: LC/MS/MS
Standard Curve Range: 2-2000 ng/mL Assay Volume: 50 uL
(4.44 - 4440 nM)
Extraction Method: solid phase supported  Regression Type: Quadratic 1/x*
liquid-liquud weighting
Room Temperature 175h Processed Sample 70.5h
Plasma Stability: Stability:
Freeze/Thaw 3 cycles Long-term Freezer 84 days
Stability, (-30°C): Stability, (-30°C)
Matrix QCname  Concentration Inaccuracy [%] Imprecision [%o]
Empagliflozin EX 609 Empagliflozin  EX 609
Urine LLOQ 2.00 ng/mL -8.0 -1.5 7.4 6.2
@M
QC low 6.00 ng/mL 1.3 3.0 3.5 6.7
T £ 1 V) S
QC mud 80.0 ng/mL 13 0.9 39 3.0
_____________________ (78O
QC high 1600 ng/mL 0.0 0.6 42 22
____________________ GSS2IM) e
ULOQ 2000 ng/mL -1.5 1.0 3.9 1.6
____________________ 40D
QC _dil 10000 ng/mL -1.8 3.0 438 2.0
(df=10) (22200 nM)
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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

(b) (4)
Analyte: empagliflozin Internal Standard: B(-empagliflozin
Matrix: Human Plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.500 — 500 ng/mL Assay Volume: 150 uLL
Extraction Method: Solid phase supported  Regression Type: Quadratic,

liquid-liquid

1/x" weighting

Room Temperature 185h Processed Sample 7 days at 12.5°C
Plasma Stability: Stability:
Freeze/Thaw 6 cycles Long-term Freezer 484 days
Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 0.5 ng/mL -1.6 8.1
e LMY e
QC low 1.5 ng/mL 0.0 7.9
Y € L5 1L
QC mid 20 ng/mL -1.0 5.5
AN
QC high 400 ng/mL 0.8 7.5
_______________________________ 88N
QC _dil 2500 ng/mL 04 1.6
(df=50) (5550 nM)
Table 18 Summary of validation results of bioanalytical assays for the

quantitation of empagliflozin in human urine (Assay validation performed at

(b) (4)

Analyte:
Matrix:
Standard Curve Range:

Extraction Method:

empagliflozin
Human urine
2.00 — 2000 ng/mL

Solid phase supported

liquid-liquid

Internal Standard:
Detection Method:
Assay Volume:

Regression Type:

BCs-empagliflozin
LC/MS/MS
50 uL

Quadpratic,
. p) - .
1/x” weighting

Room Temperature 17.5h Processed Sample 70.5hat 12.5°C
Plasma Stability: Stability:
Freeze/Thaw 4 cycles Long-term Freezer 493 days
Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%o] Imprecision [%]
Urine LLOQ 2 ng/mL 1.5 7.5
(4.44 nM)
QC low 6 ng/mL 72 6.2
(13.3 nM)
QC mid 80 ng/mL 3.0 4.4
(178 nM)
QC high 1600 ng/mL 0.0 3.7
(3552 nM)
QC dil 10000 ng/mL -6.7 2.7
(df = 100) (22200 nM)
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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

(b) (4)
Analyte: empagliflozin Internal Standard: B(Cg-empagliflozin
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.500 — 500 ng/mL Assay Volume: 75 uL
Extraction Method: Supported liquid Regression Type: Quadratic,
1/x* weighting
Room Temperature 46 h Processed Sample 82 h, refrigerated
Plasma Stability: Stability:
Freeze/Thaw 3 cycles Long-term Freezer 42 days
Stability, (-10 to -30°C): Stability, (-10 to -30°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 0.5 ng/mL 0.0 6.4
.............................. O S
QC low 1.5 ng/mL -6.0 4.0
______________________________ (3.330M)
QC mid 20 ng/mL 2.5 3.2
______________________________ danM)
QC _high 400 ng/mL 42 2.1
e S8 AN
QC dil 2500 ng/mL -5.2 2.0
(df=10) (5550 nM)
Table 20 Summary of validation results of bioanalytical assays for the
quantitation of empagliflozin in human urine (Assay validation performed at
(b) (4)
)
Analyte: empagliflozin Internal Standard: P -empagliflozin
Matrix: Human urine Detection Method: LC/MS/MS
Standard Curve Range: 2.00 — 2000 ng/mL Assay Volume: 75 uL
Extraction Method: Supported liquid Regression Type: Quadratic,
extraction 1/x* weighting
Room Temperature 27h Processed Sample 95 h, refrigerated
Plasma Stability: Stability:
Freeze/Thaw 3 cycles Long-term Freezer 42 days
Stability, (-10 to -30°C): Stability, (-10 to -30°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%o]
Urine LLOQ 2 ng/mL -1.5 3
______________________________ oM
QC low 6 ng/mL -2.0 43
______________________________ (3.3 0M)
QC mud 80 ng/mlL -0.9 38
S € 1.2 )R
QC high 1600 ng/mL 0.6 1.5
______________________________ (3352 0M) e
QC dil 10000 ng/mL -12.6 2.0
(df=10) (22200 nM)
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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

(b) (4)

and cross validated with

(b) (4) )

Analyte: empagliflozin Internal Standard: BC-empagliflozin
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.500 — 500 ng/mL Assay Volume: 150 uL
Extraction Method: Supported liquid Regression Type: ngdratic,
extraction 1/x~ weighting

Unknown A Within 10.4% Unknown C Within 6.8%

(75.0 ng/mL): (400 ng/mL):
Unknown B Within 7.0%
(200 ng/mL.:
Matrix QC name Concentration Inaccuracy [%] Imprecision [%o]
Plasma LLOQ 0.500 ng/mL -5.8 3.5
QC low 1.50 ng/mL -7.3 3.7
QC mud 20.0 ng/mL -5.5 2.8
QC high 400 ng/mL -2.0 3.6
ULOQ 500 ng/mL -1.6 3.6
QC dil 2500 ng/mL -1.6 2.1
(df=10)
Table 22 Summary of non-GLP assay results for the quantitation of

empagliflozin glucuronides in human plasma (Assay performed at Boehringer-
Ingelheim Pharmaceuticals, Inc.)

Analytes: empa-2-0-gluc Internal Standard:  “Cg-empagliflozin®
empa-3-0-gluc
empa-6-0-gluc
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 2.5 — 2500 ng/mL* Assay Volume: 100 puL
Extraction Method: Protein precipitation Regression Type: Quadratic,

1/x° weighting

Matrix QC Conc® Inaccuracy [%o] Imprecision [%0]
hame empa-2- empa- empa-6- empa-2- empa-  empa-6-
0O-gluc 3-0- 0O-gluc 0O-gluc O-gluc O-gluc
gluc
Plasma  QC low 7.50 nM -0.4 -0.7 -1.3 10.6 7.1 7.1
QC mud 125 nM 1.3 32 4.6 7.0 33 52
QC high 2000 nM 14 -0.7 23 8.7 4.5 6.6

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

NDA 204629 OCP Review Final 53
Reference ID: 3403875



3 Labeling Comments (Preliminary)

Note: Labeling statements to be removed are shown in red—strikethrensh—font and
suggested labeling to be included is shown in underline blue font.

Proposed Text:

The following are the labeling recommendations relevant to clinical pharmacology for
NDA 204629 that were based on population PK analysis. The red-strikeeutfont 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

2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosing

The recommended starting dose of’ JARDIANCE is 10 mg once dail

which can be mcreased to 25 mg once daily. The recommended dose for

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.

2.3 Renal Impairment

8.6 Renal Impairment

NDA 204629 OCP Review Final 54
Reference ID: 3403875



8.7 Hepatic Impairment

™ may be use in ptiens ity ST hepaic
impairment [see|© © © "9 Cliical Pharmacology (12.3)].

12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

transporter (SGLT2) is the predominant transporter responsible for
lucose from the glomerular filtrate back into

Sodium glucose co-
reabsorption of
circulation.

Empagliflozin 1s an mhibitor of SGLT2 (ICs0: 1.3 nM for
uman renal SGLT?2 transporter in vitro

12.2 Pharmacodynamics

Urinary Glucose Excretion
In patients with type 2 diabetes, urinary glucose excretion increased immediately

following - dose of _ and was maintained at the end of a 4-week
treatment period averaging at approximately 64 g/day

agliflozin and 78 g/da

Urinary Volume

In a 5-day study, mean 24-hour urine volume increased from baseline was 341 mL on
Day 1 and 135 mL on Day 5 of empagliflozin 25 mg once daily treatment.

Cardiac Electrophysiology
In a randomized, placebo-controlled, active-comparator, crossover studi, 30 healthy

subjects were administered a single oral dose of 25 mg, 200
mg (8 times the maximum dose), moxifloxacin, and placebo. No increase in QTc was
observed with either 25 mg or 200 mg empagliflozin.
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12.3 PharmacoKkinetics

Specific Populations
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Renal Impairment

In patients with mild (eGFR: 60 - <90 mL/min/1.73 m?), moderate (eGFR: 30 - <60
mL/min/1.73 m?), severe (eGFR: <30 mL/min/1.73 m®) 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. @@ hopulation 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 (3.2); 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)].

(b) (4)

Drug Interactions

In vivo Assessment of Drug Interactions

No dose adjustment of @@ s 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 HbAlc 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)
Study Study Design |Healthy |# Subjects | Treatment Mean Pharmacokinetic Parameters (% CV) Mean
Objective |and Type of |Subjects |Entered/ |(Dose, dosage Pharmacodynamic
Control or Completed | Form, Route) parameters (% CV)
patients |(M/F) [Batch no.] - - T - — —
Age: AUCq.. Conex ' | Uz | fon | CLron | UGE FPG
(median, _[\1{111291.11.1] [é]l]l()l- 1] [h] [h] [%6] |[mL/min]| [g/day] [mg/dL]
range) [1111101?1?311;] [1111111(1)‘?{?311%]
Single Randomised, |HV 16/16 (M) | placebo. - - - - - - 0.058 -
rising dose | double- (34.0, tablet, p.o. (34.4)
study in blind, 23 —406) B061002444
Caucasian |placebo B061002445
healthy controlled B061002446
volunteers HV 6/6 (M) [0.5 mg, 61.2 933 151 5.57 152 513 3.12 -
(41.0, tablet, p.o. (28.1) (40.0) (0,983 | (12.4)] (28.9) | (22.4) (58.0)
24 - 45) B061002447 | 122 (28.1) | 18.7 (40.0) | —3.02)
HV 6/6 (M) [2.5mg, 396 532 1.75 | 8.57 17.4 41.3 30.6 -
(36.5, tablet, p.o. (11.0) (11.7) (0983 | (6.86) | (14.8) | (22.2) (27.2)
36 - 45) B061002447 | 158 (11.0) | 21.3(11.7) | —2.98)
HV 6/6 (M) 10 mg, 1730 22 1.50 13.1 18.6 41.1 47.9 -
(35.0, tablet, p.o. (21.8) (20.4) (0.983 | (30.9)] (13.2) | (10.1) (13.9)
23 -46) B061002448 | 173 (21.8) | 22.6 (20.4) | —2.03)
/ 6/6 (M) |25 mg, tablet, 3830 505 2.05 10.2 15.0 37.7 56.5 -
(41.0, p.o. (21.5) (25.9) (1.00—-1(209)1 (16.0) | (24.9) (11.6)
26 - 49) B061002449 | 153 (21.5) | 20.2(25.9)] 3.02
HV 5/5 (M) [50 mg, tablet, 8580 1110 1.50 10.3 144 321 63.0 -
(40.0, p.o. (19.6) (24.0) (0.750 | (18.0) | (3.99) | (22.7) (14.6)
40 — 44) B061002449 | 172 (19.6) | 22.2 (24.6) | —3.00)
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Study Study Design |Healthy |# Subjects | Treatment Mean Pharmacokinetic Parameters (%CV) Mean
Objective |and Type of |Subjects |Entered/ |(Dose, dosage Pharmacodynamic
Control or Completed | Form Route) parameters (% CV)
patients |(M/F) [Batch no.] - - - - — —
Age: AUCp Cruax tnax tin feo‘-?z CLrom UGE FPG
(median, E&lé‘ol.h-u [é]lllOl:L] [h] [h] [%0] [|[mL/min]| [g/day] [mg/dL]
range) [nmol. fl / Lni)ﬁié] [1111;(1)?111?;1111%]
Single Randomised, |HV 55(M) |50 mg/ 8090 9 1.50 | 883 | 133 35. 66.1 -
rising dose |double- (40.0, OGTT, (15.3) 315 (1.47—-1(209)] (20.1) | (25.1) (11.3)
study in blind, 40 — 44) tablet, p.o. 162 (15.3) | 19.0(31.5) | 5.98)
Caucasian |placebo B061002449
healthy controlled |HV 5/5(M)  |100 mg, 16500 2500 1.00 | 106 | 18.0 40.7 78.6 -
volunteers (39.0, tablet, p.o. (14.5) (26.7) (0.750 1 (23.5)] (23.5) | (22.3) (15.6)
32 — 46) B061002450 165 (14.5) | 25.0(26.7) | — 3.00)
HV 6/6 (M) 200 mg, 31200 3490 1.76 11.1 18.7 45.6 69.1 -
(35.5, tablet, p.o. (20.1) (23.4) (1.00—-1(23.7)] (185) | (20.0) (18.4)
28 —47) B061002450 156 (20.1) J17.5((23.4)| 2.98)
HV 6/6 (M) 400 mg, 46600 6060 2.03 112 151 495 90.8 -
(36.0, tablet, p.o. (21.8) (28.4) (0.750 | (32.4)] (15.2) | (19.8) (18.0)
26 — 48) B061002450 117(21.8) | 15.2(28.4) | —4.00)
HV 6/6 (M) 800 mg, 70200 7950 1.52 112 11.0 473 61.6 -
(36.0, tablet. p.o. (13.6) (22.8) (0.733 1 (14.5)] (21.8) | (21.2) (8.03)
24 — 40) B061002450 | 87.8 (13.6) | 9.94 (22.8) [ -2.02)
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4.1.2 Multiple dose PKPD in Patients (1245.2)

Reference ID: 3403875

Study Study Design |Healthy |# Subjects | Treatment | Mean Pharmacokinetic Parameters (% CV) Mean Pharmacodynamic
Objective |and Type of |Subjects |Entered/ [(Dose, parameters (%CV)"*
Control or Completed | dosage AUCos o — ” foror | Clnoms TGE® PG
fi?e'f"“ D f{‘;ﬂﬁ) [nmolhT] | [nmol1] | [h] n | 6] [mDmin]| [e/day] [me/dl]
(median, [Batch AUC0.24 som Cnax. norm
range) no.® [nmol./L/mg] | [nmol/L/mg] Day -2 Day -2
‘%L]C‘r,ss Cmax._ss tmax. 55 tl:“l.ss feO—24_ss CLRT._ss ]i:))aa}‘ _11 %1}; -ll
[nmol.h/L] [nmol/L] [h] [h] [%] |[mL/min] Dav § Dav 8
AUCrss nom | Conase.norm Day 9 Day 9
[nmol.W/L/mg] | [nmol/L/mg] - -
8-day Randomised. | Patients [12/11 placebo. -- -- -- -- -- - 544 (154) | 166 (19.2)
multiple  |double- (59.0. (10M/2F) |tablet. p.o. 7.60(88.2) | 157(15.4)
rising dose | blind. 51-67) 584 (78.2) | 154 (14.0)
study in | placebo -- -- -- -- -- - 1.77(227) | 137 (16.4)
Caucasian |controlled 376 (117) | 135(18.9)
patients Patients |9/9 2.5 mg, 402 624 1.50 1.4 114 291 535(231) | 155(29.8)
(57.0, (TM/2F) |tablet. p.o. (16.8) (19.8) (0,667 | (20.2) | (30.2) | (5L.7) | 758 (130) | 144 (26.8)
37-67) 161 (16.8) | 249 (19.8) |- 1.50) 46.3 (48.0) | 141 (30.8)
471 68.5 1.50 10.3 15.5 333 400 (61.3) | 121 (26.5)
(23.0) (24.5) (09831 (18.1) | (32.9) | (55.4) | 37.7(66.7) | 121 (26.3)
189 (23.0) | 27.4(24.5) |- 2.00)
Patients |9/8 10 mg, 1630 245 1.50 11.9 10.9 24.5 3.37(192) | 151 (20.7)
(57.0, (8M/1F) |tablet, p.o. (14.2) (21.0) (0983 | (11.5) | (37.1) | (27.0) | 6.54(125) | 150(21.4)
33 - 66) 163 (14.2) | 24.5(21.0) |- 2.00) 89.8(209) | 141 (21.2)
2030 283 1.50 143 18.7 344 | 82.5(67.6) | 110(11.9)
(17.8) (31.9) (09831 (16.6) | (24.1) | (22.9) | 67.9(46.3) | 109 (12.2
203 (17.8) | 28.3(31.9) |- 2.00)
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Study Study Design |Healthy |# Subjects | Treatment | Mean Pharmacokinetic Parameters (%CV) Mean Pharmacodynamic

Objective |and Type of |Subjects |Entered/ |(Dose, parameters (%CV)!®
Control or Completed | dosage AUCos o — - oo | Clnoss TGED PG
Eﬁgtelfms R FR?):;::,) [nmol.h/T] [nmol/T] [h] [h] [%] | [mL/min] [g/day] [mg/dL]
(median, [Batch AUCO-2_4= norm me_- norm
range) no.]"’ [nmol IWL/mg] | [nmol/L/mg] Day -2 Day -2
‘XU’CT._ss Cmax.f,s Tmax.ss tls’l,ss feO—24.ss CLR__T.ss I]:);:]}V _11 ]:]:))E;}\r -11
[nmol.h/L] [nmol/L] [h] [h] [%0] [|[mL/min] Dav 8 Dav &
AUCwss pom{ Coma s, norm Day 9 Day 9
[nmol.lVL/mg] | [nmol/L/mg] - ’
8-day Randomised. | Patients |9/9 25 mg, 4310 606 1.50 10.8 9.00 21.1 1.43(171) | 144 (15.5)
multiple  |double- (58.0, (7M/2F) [tablet, p.o. (24.2) (24.2) (0983 | (18.3) [ (72.1) | (52.5) [ 3.64(714)] 142(17.1)
rising dose | blind, 40 — 68) 172 243 —4.00) 779(323) | 144(25.2)
study in placebo (24.2) (24.2) 75.5(498) | 121 (26.5)
Caucasian |controlled 4990 630 200 | 107 | 127 235 | 72.7(32.9) | 116(18.7)
patients (21.5) (16.8) (0.667 | (19.1) | (50.2) | (37.0)
200 252 —4.20)
(21.5) (16.8)
Patients |9/9 100 mg, 20000 2750 3.00 13.6 7.88 15.0 5.01(193) | 166 (16.4)
(61.0, (7M/2F) [tablet, p.o. (18.2) (25.5) (09831 (27.5) | (374) | (39.6) | 8.89(88.5) ] l64(16.2)
50— 68) 200 275 —4.00) 88.5(353) | 162 (16.6)
(18.2) (25.5) 93.0(28.9) | 123 (8.68)
22800 2750 1.75 18.8 12.2 274 88.7(302) | 126(11.7)
(25.0) (22.0) (0983 | (55.6) | (64.2) | (61.5)
228 275 —4.00)
(25.0) (22.0)

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)

Study Study Design |Healthy |# Subjects | Treatment | Mean Pharmacokinetic Parameters (%CV) Mean Pharmacodynamic
Objective |and Type of |Subjects |Entered/ |(Dose, parameters (%CV)*
Control or Completed | dosage UC C P— - F L TaED PG
i / . 0-24 max max 1/2 Co-24 R,0-24 o
gf;;fms VB f{?]lul?e) [nmol. /L] [nmol/T] [h] [h] [%] | [mL/min] [g/day] [mg/dL]
(median, [Batch AUC0.24, z0m me._ norm
range) no.] [nmol . b/T/mg] | [nmol/L/mg] Day -2 Day -2
‘%(]C‘I,SS Cmax,ss tmax,ss [1;"2,5s fet)—?iss CI—RT,&S ]:[))il]{v _11 ]:]:))E;};I -11
[nmol.h/L] [nmol/L] [h] [h] [%] | [mL/min] Dav 27 Davy 27
‘%UC '[,S.S. I'l.Oml C max.?s. l’;]Ol'l‘ﬂ Dﬂ;’ 28 Da;- 28
[nmol /L/mg] | [nmol/L/mg]
4-week Randomised, | Patients |16/16 placebo, -- -- -- - - -- 427 (185) | 155(26.0)
multiple  |double- (60.5, (15M/1F) [tablet, p.o. 6.49 (136) | 154 (26.3)
rising dose |blind, 37 -68) B0630003 3.97(197) | 145 (24.6)
study in |placebo 29, -- -- -- -- -- -- 3.79 (296) | 161 (28.7)
Caucasian |controlled B0630003 6.31(230) | 150(294)
patients 30,
B0630003
31
Patients |16/16 10 mg, 1550 309 1.50 8.76 12.5 30.1 7.76 (l6l) | 158 (22.3)
(57.0, (13M/3F) |tablet, p.o. (16.2) (45.2) (1.OO—] (13.0) | (24.0) | (25.1) | 8.45(114) | 186(49.9)
41 - 69) B0630003 155 309 2.50) 81.5(35.7) | 149(28.2)
65 (16.2) (45.2) 78.0(44.1) | 155(24.1)
1870 259 1.50 32 18.3 37.0 754 (44.6) | 147 (20.1)
(15.9) (24.8) (0983 |1 (44.7) | (25.0) | (31.1)
187 259 —4.00)
(15.9) (24.8)
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Study Study Design |Healthy |# Subjects | Treatment | Mean Pharmacokinetic Parameters (%CV) Mean Pharmacodynamic

Objective |and Type of |Subjects |Entered/ |(Dose, parameters (%CV)**
Control or Completed | dosage AUC, o o — -~ Toror | Clnom TGE™ PG
el R e [molL] | [omolL] | [h] | [u] | [%] [[mL/min]| T[e/day] | [me/dL]
(median, [Batch AUC0-24, nom Conax. nom
range) no.] [nmol /L/mg] | [nmol/L/mg] Day -2 Day -2
‘;\I—‘Tc‘r.ss Cmax.ss Tmax.ss SR feO—Z{ss CLR_T. 55 ]i:))aa}‘ _11 %11 -11
[nmol.h/L] [1u1101.'L] [h] [h] [%6] |[mL/min] Dav 27 Dav 27
AUCL?S' womm | Cnacss notm Da;-' 28 Daiﬁ 28
[nmol.V/L/mg] | [nmol/L/mg]
d-week Randomised. | Patients [16/16 25 mg, 3930 722 1.50 | 8.24 13.3 324 534 (123) | 178 (25.2)
multiple  |double- (57.5, (12M/4F) |tablet, p.o. (22.9) (20.0) (0.750 ] (14.9) | (24.5) | (28.1) | 8.15(91.0) | 167 (23.6)
rising dose |blind, 34 -65) B0630003 157 28.9 —2.00) 95.7(304) | 169 (22.2)
study in placebo 68 22.9) (20.2) 829(329) 1 139(19.9)
Caucasian |controlled 4740 687 1.50 133 17.8 362 | 83.4(26.4) | 133 (16.0)
patients (21.2) (18.4) (0.750 | (32.6) | (17.8) | (26.3)
189 275 -3.02)
(21.2) (18.4)
Patients |30/30 100 mg, 15900 2630 1.50 8.67 137 33.0 6.05(190) | 151(29.7)
(58.0, (27M/3F) |tablet, p.o. 21.2) 25.8) (0.750 | (18.7) [ (34.1) | (39.3) | 6.19(134) | 150(21.1)
40 - 68) B0630003 159 263 —3.00) 87.0(369) | 141(22.9)
69 21.2) 25.8) 813 (50.1) | 125(17.7)
18700 2390 1.50 16.5 17.5 36.5 739(61.6) | 120(16.8)
(25.2) (28.1) (0.750 | (47.9) | (28.3) | (35.2)
187 239 —6.00)
(25.2) (28.1)

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):

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)™~° Geomeitric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - - —
Completed Substrate Interacting AUC Chaxss | tmaxss t1/2.ss C L..:P_IE,s AUC Tss C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mI./min] [%0] [%0]
Open-label, [empagliflozin [HV empagliflozin 9810 1340 1.50 8.49 192 - -
randomised, [—50 mg, 16/16 50 mg, q.d., (15.0) (15.3) | (0.667 | (18.6) | (15.1)
CIOSSOver tablet, p.o. (16M) 5d —2.00)
B073000869 empagliflozin | metformin 9540 1400 1.51 14.0 200 96.88 | 10045
50mg. q.d., [1000 mg, (16.7) 31.0) | (0.667 ] (53.6) | (19.0) |(92.29—-](88.76 —
metformin — 5d bid.5d —2.52) 101.70) | 113.70)
1000 mg, metformin 8660 1530 1.02 16.1 2030 - -
tablet, p.o. 1000 mg, (22.7) (21.9) | (0.667 | (65.8) | (25.7)
200847/ bid,5d —2.50)
201180 metformin  |empagliflozin | 8490 1570 | 2.00 | 158 [ 2020 | 100.67 | 103.59
1000 mg, 50 mg, q.d., (17.1) (18.8) | (0.667 | (77.9) | (17.9) |(95.93—](96.52 -
bid,5d 5d —3.00) 105.64) | 111.18)

Plasma concentration units for metformin and glimepiride are ng/mL.

For glimepiride, PK parameters were calculated following single oral administration. PK parameters listed are AUC0-00, 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.
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Bioanalytical method performance for metformin in plasma (left) and urine (right):

Analyte: Metformin Internal Standard: Metformin-dg Analyte: Metformin Internal Standard: Metformin-ds
Matrix: Human plasma Detection Method: LC/MS/MS Matrix: Human urine Detection Method: LC/MS/MS
Standard Curve Range:  10.0 - 3500 ng/mL Assay Volume: 50 uL Standard Curve Range:  5.00 — 5000 ng/mL Assay Volume: 50 uL
Extraction Method: Protein precipitation Regression Type: Quadratic, Extraction Method: Protein precipitation Regression Type: Quadratic,
1/x weighting 1/x weighting
Room Temperature 26h Processed Sample 112 h, ambient Room Temperature 25h Processed Sample 89 h, ambient
Plasma Stability: Stability: Plasma Stability: Stability:
Freeze/Thaw 6 cycles Long-term Freezer 395 days Freeze/Thaw 6 cycles Long-term Freezer 112 days
Stability, (-20°C): Stability, (-20°C): Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%] Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 10.0 ng/mL 1.0 34 Utine LLOQ 5.00 ng/mL 0.8 6.4
QC_low 30.0 ng/mL 0.0 2.6 QC low 15.0 ng/mL 0.7 49
QC_mud 800 ng/mL 0.6 38 QC mid 800 ng/mL 21 34
QC_high 3000 ng/mL 13 3.9 QC high 4000 ng/mL 05 30
QC_dil 10000 ng/mL 40 L6 QC dil 10000 ng/mL. 0.4 23
(df = 50) (df=50)

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):

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)*>> Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - m —
Completed Substrate Interacting AUC 55 C ma.ss Tax ss t1/25s C L.«:l—"‘.Ss AUC Tss C ma s
(M/F) Drug [nmol.l/L]| [nmol/L] [h] [h] [mL/min] [%0] [Yo]
Empagliflozin PK:
Open-label, |empagliflozin [HV empagliflozin 9370 1350 1.50 8.20 202 - -
randonused, |- 50 mg, 16/16 50mg, q.d., (15.4) (23.0) |(1.00—| (10.7) | (154)
crossover tablet. p.o. (16M) 6d 4.00)
B073000869 empagliflozin | glimepiride, 8910 1280 1.50 12.8 211 95.23 95.55
50mg, q.d., |l mg,single (14.2) (14.1) J(1.00—| (59.2) | (14.1) |(92.03 —|(88.24—
glimepiride — 6d dose 2.50) 98.54) | 103.46)
I mg, tablet,
p-o.
B081004979
Glimepiride PK:
Open-label, | empagliflozi |HV glimepiride, 233 474 2.01 3.62 78.5 - -
randomised, | n—50 mg, 16/16 I mg, single (30.9) 31.0) |(1.00—] (44.5) | (32.8)
crossover tablet, p.o. (16M) dose 10.0)
B073000869 glimepiride, |empagliflozin 218 47.6 1.50 3.84 83.7 93.26 | 104.18
glimepiride I mg, single |50 mg, q.d., (34.9) (19.7) |(1.00—] (60.7) | (28.2) |(86.08—](89.47 —
— I mg, dose 6d 2.53) 101.04) | 121.30)
tablet, p.o.
B081004979
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 AUCo-x, Cmax, tmax, t12, and CL/F.
40 median (range)

The total amounts of BI 10773 excreted in urine (UGEO0-24) 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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Bioanalytical method performance for glimepiride in plasma (left) and urine (right):

Analyte: Glimepiride Internal Standard: (b) (4) Analyte: Glimepinde Internal Standard: Glimepiride-ds
Matrix: Human Plasma Detection Method: LCMS/MS Matrix: Human urine Detection Method: LC/MSMS
Standard Curve Range: 1.00 - 500 ng/mL Assay Volume: 100 uL Standard Curve Range:  1.00 - 500 ng/mL Assay Volume: 100 uL
Extraction Method: Liquid-liquid Regression Type: Linear, Extraction Method: Liquid-hqud Regression Type: Liu‘ear‘ o
1/x weighting _ _ 1/x* weighting
Room Temperature 26h Processed Sample 91 h, ambient Room Te_ml’f’l_' ature 28h P roc.e?sed Sample 77 h. ambient
Plasma Stability: Stability: Plasma Stability: Stability:
Freeze/Thaw 4 cycles Long-term Freezer 155 days Freeze/Thaw 3 cycles Long-term Freezer 71 days
Slability, (_200(*): S[ﬂb“i(_\', (-200(_‘): Stilbilil", (-200(‘)2 Stability, (—200(‘):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%] Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 1.00 ng/mL -7.0 42 Urme LLOQ 1.00 ng/mL 2.0 6.6
QC low 3.00 ng/mL 8.7 35 QC_low 3.00 ng/mlL 0.7 45
QC_mid 250 ng/mL 40 25 QC_mud 250 ng/mL 28 Ll
QC_high 400 ng/'mL 20 35 QC_high 400 ng/mL 18 16
QC _dil 5000 ng/mL 62 31 QC_dil 5000 ng/mL. 0 06
(df=420) - (df=100)

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 Pioglitazone (1245.17):

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%(?\")33'39 Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - w -
Completed Substrate Interacting AUC C max.ss Tmax.ss 12,88 CL 1:_5)5 AUC ss C masss
(M/F) Drug [nmolh/L]| [nmol/L] [h] [h] [mL/min] [26] [20]
Open-label, |empagliflozin |HV empaglitlozin
randomised, |- 50 mg. 20/18 empagliflozin 8990 1370 1.74 8.59 209 -- --
Crossover tablet, p.o. (20M) 50mg, q.d,, (12.4) (18.8) [(1.00—] (15.5) | (14.2)
B073000869 5d 3.00)
empagliflozin |pioglitazone, 8980 1280 2.00 11.7 208 10032 | 93.44
pioglitazone — 50mg, q.d., [45mg, q.d. (10.5) (153) [(1.48 -] (36.9) | (11.3) [(96.08 —| (85.08 —
45 mg, tablet, 7d 7d 3.00) 104.75) | 102.62)
p.o. pioglitazone
3250055B pioglitazone, 9330 1140 | 1.75 | 156 | 884 - -
45 mg, q.d., (31.6) (39.7) | (0.667 | (57.1) | (31.8)
7d —4.00)
pioglitazone, |empagliflozin | 14000 1960 2.00 7.88 56.2 157.97 | 187.89
45mg, q.d., [50mg, q.d., (22.5 (16.3) [(1.00—| (39.0) | (21.1) | (148.02 | (166.35
7d 7d 3.02) —168.58)]-212.23)
Open-label, | empagliflozn |HV pioglitazone M-III (metabolite)
randomised. | n—50 mg, 20/18 pioglitazone. 8700 463 499 | 222 - - -
Crossover tablet, p.o. (20M) 45 mg, q.d., (31.7) (32.5) | (248 - (15.4)
B073000869 7d 10.0)
pioglitazone, |empagliflozin| 10200 532 8.00 20.5 -- -- --
ploglitazone 45mg. q.d.. |50mg. q.d.. (15.7) | (154) [3.00-| (14.3)
—45mg. 7d 7d 12.1)
tablet. p-o. pioglitazone M-IV (metabolite)
3250055B pioglitazone. 20600 | 1030 | 4.00 | 221 — - -
45 mg, q.d., 30.9) (31.3) [(1.00—] (19.1)
7d 12.0)
pioglitazone, |empagliflozin | 23700 1240 4.00 216 -- -- --
45mg. q.d., [50mg, q.d. (17.6) (16.7) [(2.50—] (25.1)
7d 7d 10.0)

Plasma concentration units for pioglitazone and its metabolites (M-I1I and M-IV) are ng/mL, Tmax presented as median (range)
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DDI between Empagliflozin and Pioglitazone Study 2(1245.50):

Reference ID: 3403875

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%(?\")33'39 Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - w -
Completed Substrate Interacting AUC C max.ss Tmax.ss 12,88 CL 1:_5)5 AUC ss C masss
(M/F) Drug [nmolh/L]| [nmol/L] [h] [h] [mL/min] [26] [20]
Open-label. |empagliflozin |HV pioglitazone Day 1*
randonused, |- 10 mg, 20/16 pioglitazone, 8670 908 2.00 10.8 75.5 -- -
CTOSSOVET 25 mg, 50 mg, |(20M) 45 mg, q.d., (28.2) 35.5) 1 (0.50—| (52.0) | (28.7)
tablet, p.o. 7d 4.02)
ploglitazone, |empagliflozin| 8410 924 1.75 9.63 83.0 -- --
pioglitazone — 45mg qd. [l0mg qd. [ 331 | (37.3) | (05-|(30.7) | (34.1)
45 mg, tablet, 7d od 4.00)
p-o.
Open-label, |empagliflozin |HV pioglitazone Day 1°°
randomised, |— 10 mg, 20/16 pioglitazone, |empagliflozin - - - - - - -
crossover 25 mg, 50 mg, | (20M) 45mg. q.d.. |25 mg, qd.,
tablet, p.o. 7d 9d
10 mg: pioglitazone, |empagliflozin 8960 1020 2.00 8.75 82.1 -- --
909475 45mg, qd.. [|50mg. q.d.. (33.1) (38.0) [(1.00—| (40.5) | (46.0)
25 mg: 7d 9d 4.02)
909473 pioglitazone Day 7
o pioglitazone, 10500 1260 2.00 11.3 823 -- --
pioglitazone — 45me, qd.. (382) | (60.9) [ (05— ] 48.9) | (39.8)
45 mg, tablet, 7d 8.00)
p-o. pioglitazone, |empagliflozin 8820 988 2.00 12.3 90.1 90.01 87.74
4250009D 45mg. qd. [lomg qd. 22.0) | 293) |.00-]598) | @77 (7791 | (7388 -
7d 9d 4.00) 103.99) | 104.21)
pioglitazone, |empagliflozin | 9200 1110 2.00 12.2 954 88.98 90.23
45mg, qd.. [|25mg. qd., 39.7) (60.1) | (0.517 | (68.1) | (43.0) |(72.69 — | (66.84 —
7d 9d — 8.00) 108.92) | 121.82)
pioglitazone, |empagliflozin | 9200 1060 1.50 13.2 90.8 91.10 89.85
45mg, qd.. [|50mg. q.d.. (314) (375) | (05— | 41.7) | (362) |(7740—|(71.03 —
7d od 6.00) 107.22) | 113.66)
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Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)*’ Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - g -
Completed Substrate Interacting AUC Chaxss | tmaxss t12.ss C I_.-:P‘?s AUC" Tss C ma ss
(M/F) Drug [nmol.h/I.]| [nmol/L] [h] [h] [mL/min] [%0] [%0]
Open-label, [empagliflozin |[HV pioglitazone M-III - Day 1"
randomised, |- 10 mg, 20/16 ploglitazone, 3350 188 12.0 - -- _ -
crossover 25 mg, 50 mg, |(20M) 45 mg, q.d., (45.7) (42.9) 1(10.0-
tablet, p.o. 7d 23.9)
10 mg: pioglitazone, |empaglitflozin| 3310 183 11.0 -- - -- --
909475 45mg, q.d., [10mg. q.d., (31.2) (31.2) |(6.00—
25 mg: 7d 9d 23.9)
909473 pioglitazone, |empagliflozin - - - - - - -
45mg, qd., |25mg, q.d.
pioglitazone — 7d 9d
45 mg, tablet, pioghtazone, |empagliflozin| 3480 192 12.0 -- - -- --
P-O. 45 mg, q.d., [50mg. q.d., 422 46.7 9.98 —
4250009D 7d L6 od =4 ( ) ( ) (23.9)
pioglitazone M-III - Day 7
piloglitazone, 10200 626 6.00 232 - -- --
45mg, q.d., (40.5) (77.5) |(1.50—] (17.8)
7d 10.0)
pioghtazone, |empagliflozin| 9740 514 6.00 248 - -- --
45mg, q.d., [10mg. q.d., (39.5) (36.4) |(0.00—1] (26.8)
7d 9d 10.0)
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Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)gb Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - =T —
Completed Substrate Interacting AUC s Chaxss | tmaxss t12.6s C I_.-P‘,:,s AUC Tss C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [%0] [%0]
Open-label, |empagliflozin |[HV pioglitazone M-III - Day 7
randomised, |- 10 mg, 20/16 pioglitazone, |empagliflozin| 9910 601 6.00 23.0 - -- --
Crossover 25 mg, 50 mg. [(20M) 45mg. q.d. |25mg. qd. (394) (82.1) 1(1.00—{ (21.7)
tablet, p.o. 7d 9d 12.0)
10 mg: pioglitazone, |empagliflozin| 9510 497 5.00 25.6 - - -
909475 45mg. q.d. [50mg. q.d. 35.6) | (36.2) [(2.00-] (36.6)
25 mg: 7d 9d 12.0)
909473 pioglitazone M-IV - Day 1™
o pioglitazone, 8130 438 17.9 - - - -
pioglitazone — 45 mg. q.d.. (29.8) (26.1) [(7.98 —
45 mg, tablet. 7d 23.9)
p-0. pioglitazone, |empagliflozin| 8040 432 17.9 -- - - --
4250009D 45me qd. [lome qd. | (252) | (26.9) |(7.98 -
7d 9d 23.9)
ploghtazone, |empagliflozin -- -- -- -- -- -- --
45mg, q.d., [25mg, qd.,
7d 9d
pioglitazone, |empagliflozin| 8370 449 12.0 - - - -
45mg, q.d.. [50mg, qd., (304) (28.1) | (8.00-
7d 9d 23.9)
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Study Design | Test Product Study Treatments Mean Pharmacokinetic Parameters (%CV)> Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - - —
Completed Substrate Interacting AUC C max ss tmax ss t1/2.5s C L P‘?s AUC T8 C mas s
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [%0] [20]
Open-label. |empagliflozin |HV pioglitazone M-IV - Day 7
randomised. |— 10 mg. 20/16 pioglitazone. 24600 1430 4.00 232 -- -- --
crossover 25 mg. 50 mg, [ (20M) 45 mg, q.d.. (25.4) (74.8) |(2.00—-| (21.5)
tablet. p.o. 7d 12.0)
10 mg: pioglitazone, |empagliflozin| 23100 1190 4.00 245 -- - --
909475 45 mg. q.d.. 10 mg. q.d.. (24.3) (25.0) |(@0.50-] (23.7)
25 mg: 7d 9d 12.0)
209473 pioglhitazone, |empagliflozin | 25000 1540 4.02 252 - - -
o 45 mg. q.d., 25 mg, q.d.. (34.3) (68.4) |(1.00 -] (24.2)
ploglitazone — 7d od 12.0)
45 mg. tablet. piloglitazone, |empagliflozin | 22800 1140 4.00 26.9 - - -
P-O. 45 mg, q.d., S0mg, q.d., (25.4) (27.7) |(1.50—-] (31.9)
4250009D 7d 1 od &4 12.0)
Plasma concentration units for pioglitazone and its metabolites (M-III and M-1V) are ng/mL, Tmax presented as median (range), For Day 1, PK parameters listed
arc AUCO-24, Cmax, tmax, 1172, and CL/F.

Bioanalytical method performance for pioglitazone for study 1245.17 (top row) and for study 1245.50 (bottom row) in plasma:

Analyte: Pioglitazone Internal Standard: Pioglitazone-d, Analytes: Pioglitazone HCI* Internal Standard:  Pioglitazone-d,”
SRR y . . A M Keto Pioglitazone (M-IIT)° M-III-d,"
Matrix: Human lilasma‘ Detection Method: LC/MS/MS Hydroxy Pioglitazone (M-IV)® MIV-de
Standard Curve Range: 25.0 - 2500 ng/mL Assay Volume: 100 pLL Matrix: Human plasma Detection Method: ~ LC/MS/MS
Extraction Method: Solid phase Regression Type: Quadratic, Standard Curve Range: ~ 25.0 — 2500 ng/mL Assay Volume: 100 uL
1/x* welghting Extraction Method: Solid phase extraction Regression Type: Quadratic,
Room Temperature 24h Processed Sample 58 h, ambient 1/x* weighting
Plasma Stabilitv: Stability: Room Temperature 24h Processed Sample 42 h, ambient
. P 4 cveloc o T X " Plasma Stability: Stability:
1;: e;.zlt.‘iljhd;oo O): 4 cycles g(o l;)glttel m 5 (;Qe ;,Z.ﬂ 73 days Freeze/Thaw S cycles Long-term Freezer 29 days
aormy, (20°C): . : i ability, (-20°C): _ Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%] Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 25 ng/mL 0.0 2.5 (abc) Pioglitazone® MIII" MIV® Pioglitazone® MII® MIV®
ow 5 g 3 2 asma 25 ng/m . . 5. 5. 5. .
IC | 75 ng/mL 0 7.2 Pl LLOQ 2 nL 1.6 8.0 2 5.0 1 8.8
QC_mid 900 ng/mL 26 76 QC_low 75 ng/mL 0.4 00 17 3.2 52 50
QC high 1900 ng/mL 26 40 QC mud 900 ng/mL 0.4 -0.1 4.6 2.8 42 6.5
QE d:l 10000 ne/ml 58 14 QC high 1900 ng/mL -2.6 -1.1 3.7 24 33 5.6
(df510) g o ’ QC-dil 3200 ng/mL -4.7 -14.4 -4.4 5.7 4.7 58
(df=4)
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Analytes: Pioglitazone® Internal Standards: Pioglitazone-d,* Analytes: Pioglitazone® . Internal Standards:  Pioglitazone-d.’ .
Pioglitazone M-III® Pioglitazone M-III-d," Pioglitazone M-I Pioglitazone M-TII-d,
Pioglitazone M-TV® Pioglitazone M-IV-ds* Ploghtazope M-IV Pioglitazone M-IV-ds*
Matrix: Human plasma Detection Method: LC/MS/MS Matrix: Human urine - Detection Method: LC/MS/MS
. a ; CHAPs treated
Standard Curve R: : 1.00 - 1000 ng/mL Assay Vol : 100 uL
andard Lurve Range 2,50 — 2500 nem ssay volume " Standard Curve Range: 1.00 — 1000 ng/mL? Assay Volume: 100 uL
ng/mL™ 2.507]32‘500
Extraction Method: Solid phase Regression Type: Quadratic, . 1’5/ mL™ . .
extraction 1% weichtine Extraction Method: Liquid-liquid Regression Type: Quadrat_lc. _
Room Temperature 30h Processed Sample 129 h, ambient o . lix2 welghpng
Plasma Stability: Stability: Room Temperature S53h Processed Sample 148 h, ambient
Freeze/Thaw 4 cycles Long-term Freezer 63 days Plflsma Stability: o Stability.: ) ) )
Stability, (-20°C): Stability, (-20°C): ? e;?lf‘/thﬂ;‘Oo(‘ ' 4 cycles %01;5{}6{ m 2F(; félfl 68 days
Matrix QC name Concentration Inaccuracy [%)] Imprecision [%] ta l,m’ c . ): - S Sta lult}’ (20°C): —
o . b . o R b . Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Pioglitazone® MIII® MIV Pioglitazone® MIII® MIV — " 5 —~ — - 5 —~
ioglitazone” ) MIV ioglitazone” M MIV
Pioglit O MII® MIV Pioglit *OMII® MIV
Plasma LLOQ 1.00 ng/mL*? -5.2 -4.0 -3.6 10.8 8.8 139 —
N . Urine LLOQ 1.00 ng/mL* 1.0 04 -1.6 10.1 7.7 92
2.50 ng/mL> 5 50 e/l ™
.50 ng/r
QC low  2.40ng/mlL* 29 33 28 6.3 76 76 , g X
6.00 ng/mL* QC_low 240 ng/mL’ 0.8 -13 -0.2 9.8 35 55
0
' 6.00 ng/mL"
QC mid 500 ng/mL* -4.4 -6.4 -48 2.8 39 4.1 L et . N
1250 ne/ml. ™ QC mud 500 ng/mL -0.4 232 -2.4 1.8 1.6 23
- 1250 ng/mL"
QC high 760 ng/mL* 3.2 63 47 36 49 59 o nems )
1900 na/ml ™ QC_high 760 ng/mL’ 41 26 32 15 16 24
= 1900 ng/mL"
ULOQ 2000 ng/mL*® 145 124 -104 13 17 14 ) e _ )
(df=10) 5000 ng/mL* ULOQ 2000 ng/mL 225 -1.8 -1.0 1.8 24 1.9
- (df=10) _ 5000 ng/mL"

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 AUCt,ss and Cmax,ss
increased by approximately 88%. The gMean ratios and 90% Cls for AUCrt,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):

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)™ Geomeltric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - = —
Completed Substrate Interacting AUC s Chaxss | tmaxss /2.5 C L.:lfﬁ?,5 AUC Lss C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [“0] [90]
Open-label, [empagliflozin [HV empagliflozin 4620 774 1.50 0.71 189 - -
randomised, |—25 mg, 18/18 25mg, q.d., (13.0) (19.2) [(1.0O0O—] (10.8) | (14.8)
Crossover tablet, p.o. (18M) 5d 3.00)
909473 empagliflozin |warfarin, 4670 785 1.00 7.12 185 100.89 | 100.64
25mg, q.d., |25mg, single | (15.5) (23.0) 1 (0.667 | (11.9) | (16.2) |(96.86—](89.79 —
warfarin — 7d dose —6.00) 105.10) | 112.80)
25 mg, tablet,
p-o.
9K23
Open-label, |empagliflozin |[HV R-warfarin
randomised, |- 25 mg, 18/18 warfarin, 64900 1420 | 0.842 | 475 6.68 -- --
Crossover tablet, p.o. (18M) 25 mg, single (21.2) (14.3) 1(0.333 | (12.0) | (19.8)
009473 dose —4.00)
warfarin, empagliflozin | 64400 1390 1.00 46.3 6.83 98.49 97.89
warfarin — 25 mg, single |25 mg, q.d., 24.5) (16.9) 1(0.333 | (15.1) | (23.0) |(95.29—](91.12—
25 mg, tablet, dose 7d —7.98) 101.80) | 105.15)
p-o. S-warfarin
9K23 warfarin, 38100 | 1460 | 0683 | 373 | 113 - -
25 mg, single (18.5) (14.2) 1(0.333 | (13.6) | (17.1)
dose —4.00)
wartfarin, empagliflozin | 36400 1440 | 0.842 | 36.9 11.7 95.88 98.88
25 mg, single |25 mg, q.d., (16.9) (16.3) 1 (0.333 | (12.0) | (15.3) |(93.40—](91.84—
dose 7d —7.98) 98.43) | 106.47)

For R- and S-warfarin, plasma concentration units are ng/mL. PK parameters listed are AUC0-o0, 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):

Parameter Warfarin Warfarin + gMean ratio of
alone BI 10773 BI 10773 + warfarin
N gMean N gMean to warfarin (95% ClIs)
PT s [S] 16 20.2 16 18.1 0.90 (0.79, 1.02)
PT AUECq 165 [s*h] 10 2508 15 2282 0.91 (0.84, 0.98)
INR jax 16 1.76 16 1.53 0.87 (0.73, 1.04)
INR AUEC_ 168 10 203 15 178 0.88 (0.79, 0.98)

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:

Analytes: R-warfarin Internal Standard: Warfarin-ds
S-warfarin
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 10.0 — 2500 ng/mL Assay Volume: 50 uL
Extraction Method: Liquid-liquid Regression Type: Quadratic,
1/x* weighting
Room Temperature 24h Processed Sample 115 h, 2-8°C
Plasma Stability: Stability:
Freeze/Thaw 5 cycles Long-term Freezer 59 days
Stability, (-20°C): Stability, (-20°C):
Matrix QCname  Concentration Inaccuracy [%)] Imprecision [%o]
R-warfarin S-warfarin R-warfarin S-warfarin
Plasma LLOQ 10.0 ng/mL -4.9 -6.2 33 5.7
QC _low 30.0 ng/mL -3.7 -4.7 1.7 23
QC mid 250 ng/mL -4.4 -4.4 2.1 2.8
QC high 2000 ng/mL -3.5 -3.0 1.9 1.4
ULOQ 5000 ng/mL -2.6 -1.2 1.1 1.4
(df =10)

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):

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)™ Geomeltric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - = —
Completed Substrate Interacting AUC s Chaxss | tmaxss f1/2.¢s C L:Pﬁ?,s AUC Lss C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [“0] [90]
Open-label, |empagliflozin |HV sitagliptin, 2600 341 3.00 12.7 664 -- --
randomised, |- 50 mg, 16/16 100 mg, q.d., (18.7) (26.5) | (0.667 | (15.0) | (19.0)
CTOSSOVEr tablet, p.o. (16M) 5d —6.00)
B073000869 sitagliptin, empagliflozin | 2680 370 2.99 13.2 645 103.06 | 108.48
100 mg, q.d., |50 mg, q.d., (21.3) 27.1) | (0.667 | (19.1) | (18.8) |(98.97—] (100.68
sitagliptin — 5d 5d —4.00) 107.34) [-116.88)
100 mg,
tablet, p.o.
B091000116
Open-label, |empagliflozin |[HV sitagliptin, 2600 341 3.00 12.7 664 -- --
randomised, |- 50 mg, 16/16 100 mg, q.d., (18.7) (26.5) | (0.667 | (15.0) | (19.0)
CTOSSOver tablet, p.o. (16M) Sd —6.00)
B073000869 sitagliptin, empagliflozin | 2680 370 2.99 13.2 645 103.06 | 108.48
100 mg, q.d., |50 mg, q.d., (213 (27.1) | (0.667 | (19.1) | (18.8) |(98.97—] (100.68
sitagliptin — 5d 5d —4.00) 107.34) [-116.88)
100 mg,
tablet, p.o.
B091000116

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.

NDA 204629 OCP Review Final 79

Reference ID: 3403875



Bioanalytical method performance for sitagliptin in plasma and urine:

Analyte: Sitagliptin Internal Standard: Sitagliptin-d, Analyte: Sitagliptin Internal Standard: Sitagliptin-d,
Matrix: Human plasma Detection Method: LC/MS/MS Matrix: Human urine Detection Method: LCMS/MS
Standard Curve Range:  1.00 - 1000 ng/mL Assay Volume: 100 uL Standard Curve Range:  1.00- 1000 ng/mL Assay Volume: 100 pL.
Extraction Method: Liquid-liquid Regression Type: ngdratic. Extraction Method: Liquid-liquid Regression Type: Quadratic,
1/x* weighting 1/x* weighting
Room Temperature 24h Processed Sample 53 b, ambient Room Temperature 24h Processed Sample 58 b, ambient
Plasma Stability: Stability: Plasma Stability: Stability:
Freeze/Thaw 4 eycles Long-term Freezer 28 days Freeze/Thaw 4 cycles Long-term Freezer 96 days
Stability, (-20°C): Stability, (-20°C): Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%)] Matrix QC name Concentration Inaccuracy [%] Imprecision [%)]
Plasma LLOQ 1.00 ng/mL -10.7 4.6 Urine LLOQ 1.00 ng/mL 49 58
QC low 3.00 ng/mL 2.0 1.8 QC low 3.00 ng/mL 0.3 3.0
QC_nud 250 ng/mL -6.0 12 QC mid 250 ng/mL -3.6 18
QC high 800 ng/mL 36 25 QC high 800 ng/mL 2.1 22
QC _dil 5000 ng/mL -7.0 12 QC_dil 20000 ng/mL 30 46
(df=20) (df =250)

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:

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)™ Geomeltric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - = —
Completed Substrate Interacting AUC s Chaxss | tmaxss f1/2.¢s C L.:lfﬁ?,5 AUC Lss C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [“0] [90]
Open-label, |empagliflozin |HV empagliflozin 9300 1450 1.00 8.30 202 -- --
randomised, |- 50 mg, 16/16 50mg, q.d., (12.5) (17.1) [(L.OO—| (11.4) ]| (11.8)
Crossover tablet, p.o. (16M) 5d 3.00)
B073000869 empagliflozin |linagliptin, 9520 1310 1.50 8.44 200 101.71 | 8831
50mg, qd., |[5Smg qd,7d| (17.1) 26.9) [(1.00—| (10.7) | (17.2) [(96.54—](78.83 -
linagliptin — 7d 4.02) 107.16) | 98.94)
5 mg. tablet, linagliptin, 155 11.5 1.50 - 1170 - -
p-0. Smg, qd., 7d (16.8) 28.8) | (0.5- (16.8)
P01005567 4.00)
linagliptin, empagliflozin 159 11.6 1.50 - 1130 | 103.31 | 101.47
Smg, q.d., 7d [50 mg, q.d., (14.8) 31.0) | (0.5- (14.5) | (96.10—] (86.87 —
7d 4.00) 111.06) | 118.52)

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:

Analyte: BI 1356 BS Internal Standard: CiBII336BS | Analyte: BI 1356 BS Internal Standard: ~ “CBI1356 BS
(Linagliptin) . (Linagliptin) . ' '
Matrix: Human plasma Detection Method: LCMS/MS Matrix: Humanumne = Detection Method: - LOMSMS
(acidified with citric
Standard Curve Range: 0.0 100 nmol/L Assay Volume: 150 uL acid)
Extraction Method: Solid phase extraction Regression Type: Linear, Standard Curve Range: 1 -1000 nmol'L Assay Volume: 40uL
1/x" weighting Extraction Method: Solid phase extraction ~ Regression Type: Linear,
Room Temperature Processed Sample 66h, 12°C 1/x” weighting
Plasma Stability: Stability: Room Temperature 26h Processed Sample 7650, 4°C
Freeze/Thaw Long-term Freezer 197 days Plasma Stability: Stability:
Stability, (-20°C): Stability, (-20°C): Freeze/Thaw 3 eyeles Long-term Freezer 56 days
> : : . - : — Stability, (-20°C): Stability, (-20°C):
NTatriv "ne . o ; [0, o 3 0, W) v
Matrix QC name Concentration Inaccuracy [*] Imprecision [% Matrix QC name Concentration Inaccuracy [%] Imprecision [%
Plasma LLOQ 0.1 nmol/L 0.0 5.4 Urine 110Q ol L 54 63
QC low 0.25 nmolL 04 3.6 QC low 25 mmollL 20 74
QC mud 5 nmol/L 44 19 QC_mid 50 nmol/L 28 28
QC high 80 nmol/L 34 1.8 QC high 800 nmol/T. S5 22

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:

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (‘E/oCV)‘:%D Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - =T —
Completed Substrate Interacting AUC C mas ss imax ss t12.6s C L..: P_?s AUC Tss C ma ss
(M/F) Drug [nmol. /L] | [nmol/L] [h] [h] [mL/min] [%0] [%]
Open-label, |empagliflozin [HV digoxin, 38.7 2.14 1.00 68.7 226 - -
randomised, |- 25 mg, 20/20 0.5 mg, single (23.7) (40.3) | (0.667 | (47.3) | (22.9)
CTrOSSOVEr tablet, p.o. (11M/9F) |dose —1.50)
909473 digoxin, empagliflozin | 41.2 2.36 1.00 554 215 106.11 | 113.94
0.5 mg, single |25 mg, q.d., (25.9) (31.7) | (0.667 | (27.3) | (25.2) [(96.71 —](99.33 -
digoxin — dose 8d - 1.50) 116.41) | 130.70)
0.5 mg, tablet,
p-o.
1001

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:

Analyte: Digoxin Internal Standard: Digoxin-d; Analyte: Digoxin Matrix: Human urine

Matrix: Human plasma Detection Method: LCMS/MS Standard Curve Range: 1.0 -40 ng/mL Assay Volume: 100 uL

Standard Curve Range: ~ 0.100 - 50.0 ng/mL Assay Volume: 100 ulL Extraction Method: Radioimmunoassay Regression Type: 4-parameter logistic

Extraction Method: Supported liquid Regression Type: Quadratic, regression algorithm

1/x* weighting Room Temperature 48h Freezer Stability 75 days

Room Temperature 24h Processed Sample 72h,2-8°C Plasma Stability: (-20°):

Plasma Stability: Stability: Freeze/Thaw 10 cycles Freezer Stability 34 days

Freeze/Thaw 3 cycles Long-term Freezer 663 days Stability, (-80°C): (- 80%):

Stability, (-20°C): Stability, (-20°C): Matrix QC name Concentration Inaccuracy [%] Imprecision [%)]
Matrix QC name Concentration Inaccuracy [%)] Imprecision %] Urine LLOQ 1 no/mL 6.70 6.65
Plasma LLOQ 0.100 ng/mL -1.36 132 QC low 1 2.00 ng/ml, 0.9 8 60

QCJOW 0.250 Ilg/l‘IlL -5.03 746 QC low 2 3.00 ng/mL -1.29 446
QC_mid | 0.600 ng/mL -5.37 507 QC mid 15.00 ng/mL -0.436 (0.329%) 4.95(3.99)
QC mid2 240 ng/mL 401 3.00 QC high 1 30.0 ng/mL 0.353 437
QC highl 8.00 ng/mL -4.70 2.66 QC high?2 35.0 ng/mL 3.02 528
QC high2 37.5 ng/ml -0.49 245 ULOQ 40.0 ng/mL 8.48 (2.42%) 27.8(5.25%

QC_dil 100 ng/mL -8.27 1.92 QC dil 75.0 ng/mL -0.796 0.88

(df=20) (df=20)

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:

Reference ID: 3403875

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)> " Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - 3 —
Completed Substrate Interacting AUC ss Chacss | tmaxss t1/2.6s CL 1:‘?5 AUC s C ma ss
(M/F) Drug [nmol.h/L] | [nmol/L] [h] [h] [mL/min] [%0] [%0]
Open-label, |[empagliflozin |HV ethinylestra- 932 99.0 1.26 15.9 567 - -
randomised, |-25 mg, 18/18 diol, 30 pg, 24 4) (17.0) [(1.00—-| (32.4) | (23.5)
CTOSSOver tablet, p.o. (18F) q.d., 14d 3.05)
909473 ethinylestra- |empagliflozin 956 99.0 1.50 16.7 549 102.82 | 99.22
. diol, 30 pg, |25 mg, q.d., (24.2) 22.1) [(1.00—| (21.7) | (20.8) [(97.58 —|(93.40 -
Microgynon® q.d.. 7d 7d 4.00) 108.35) | 105.39)
tablet (30 pg levonorgestrel 99.6 824 | 1.00 | 386 | 279 -- --
ethimylestra- 150 ug. q.d.. (38.6) | (27.0) | (05| (34.0) [ (29.5)
diol + 150 pg 14d 1.52)
levonorges- levonorgestrel | empagliflozin 102 8.71 1.00 40.8 275 101.94 | 105.81
trel) 150 ng, q.d., |25 mg, q.d., (41.2) (26.5) | (05— (474) | (30.7) |(98.54—1(9947—
919558, 7d 7d 1.50) 105.47) | 112.55)
93842C
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Bioanalytical method performance for digoxin in plasma and urine:

Analytes:

Matrix:
Standard Curve Range:

Ethinylestradiol®
Levonorgestrel®
Human plasma

5-500 pg/mL*?
100-10000 pg/mL"

Internal Standards:

Detection Method:

Assay Volume:

Extraction Method: Solid phase extraction Regression Type:
with liquid-liquid

Room Temperature 24 h Processed Sample

Plasma Stability: Stability:

Freeze/Thaw 4 cycles
Stability, (-80°C):

Long-term Freezer
Stability, (-80°C):

Ethinylestradiol-d,
Levonorgestrel-d°
LC/MS/MS

1000 pL
Linear,
1/x* weighting

39 h, ambient

92 days

Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Ethinyl- Levonor- Ethinyl- Levonor-
estradiol’ gestrel” estradiol’ gestrel”
Plasma LLOQ 5.0 pg/mL* -6.8 -5.6 11.3 8.0
100 pg/mL.°
QC low 15.0 pg/mL’ -0.7 -1.0 8.8 4.0
300 pg/mL°
QC nmud 75.0 pg/mL* 31 0.7 39 25
1500 pg/mL°
QC high 375 pg/mL* 1.1 -1.7 52 33
7500 pg/mL®
ULOQ 2500 pg/mL*? 438 2.8 3.0 2.6

(df=50) 50000 pg/mL®
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:

Reference ID: 3403875

Study Design | Test Product |[Study Treatments Mean Pharmacokinetic Parameters (%CV)® Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - T —
Completed Substrate Interacting AUC 55 C max ss e ss t12.es CL 1:‘?5 AUC s C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [©0] [%0]
Open-label, |empagliflozin |patients empagliflozin 5090 961 1.50 153 189 -- --
randomised, |- 25 mg, 22/20 25 mg, q.d., 21.8) (23.1) [(1.00—-| (474) | (20.3)
Crossover tablet, p.o. (ISM/7F) |5d 2.00)
909473 empagliflozin [hydrochloroth| 5720 1070 1.50 148 171 107.08 | 102.78
25mg, q.d., |azide, 25 mg.| (24.1) (29.0) | (1.00—| (18.1) | (254) | (97.11 — [ (88.55 -
hydrochloroth 5d q.d.. 5d 1.50) 118.07) | 119.29)
1azide — 25mg, empagliflozin [torasemide 5340 969 1.00 | 16.1 179 | 107.83 | 107.50
tablet. p.o. 25mg, q.d., [5Smg qd.,5d]| (18.9) (21.0) | (1.00O—| (144) | (19.3) | (100.14 | (97.90 —
73502 3d 1.50) —116.11)] 118.04)
. hydrochloroth 1050 211 1.50 10.6 408 -- --
Torasemide — 1azide, 25 mg, (18.3) (26.2) | (L.OO—| (27.0) | (17.2)
5 mg, tablet, q.d. 4d 3.00)
p-O. hydrochloroth [empagliflozin | 1020 213 1.75 13.5 422 96.27 | 101.77
94002 iazide. 25 mg. [25 mg, q.d.. (18.1) | (28.7) |(1.00—| (26.7) | (18.9) | (89.09 -] (88.63 —
q.d., 5d 5d 2.00) 104.05) | 116.85)
torasemide
torasemide 1340 721 0.5 4.77 63.4 -- --
Smg, q.d.. 5d (14.4) (184) | (05— (17.1) | (13.4)
1.50)
torasemide |empagliflozin | 1360 747 0.5 4.56 62.7 101.44 | 104.43
Smg, q.d.. 5d [25mg, q.d.. (16.2) (12.1) 1 (0.5—= | (139) | (15.7) |(99.06—|(93.81 -
5d 1.00) 103.88) | 116.25)
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Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)™ Geomeilric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - == —
Completed Substrate Interacting AUC s C ma.ss frmax ss t1/2.5s CL 1-"‘?5. AUC rss C mac 55
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [%0] [%0]
Open-label, |empagliflozin |patients torasemide-M1 (metabolite)
randomised. |- 25 mg, 22/20 torasemide 75.7 437 0.5 2.55 1130 -- --
Crossover tablet, p.o. (ISM/7F) |5 mg, q.d.. 5d (16.4) (25.0) 1 (05— | (245) | (15.2)
909473 1.50)
torasemide empagliflozin 792 44 4 05 2.49 1080 10442 | 102.67
hydrochloroth Smg. q.d.. 5d |25 mg, q.d.. (17.4) | (18.0) | (0.5- | (28.4) | (17.6) | (100.39 | (94.13 —
lazide — 25mg, 5d 1.00) -108.62)| 111.97)
tab}et. p.o. torasemide-M3 (metabolite)
73302 torasemide 415 864 | 1.50 | 3.70 | 2110 - -
_ Smg, q.d., 5d (23.1) (12.7) |(L.OO—] (21.8) | (23.9)
torasemide — 2.00)
> mg. tablet, torasemide empagliflozin | 424 8.90 1.50 3.75 2020 103.19 | 102.42
p-0. Smg, qd., 5d |25 mg, q.d, (17.9) (17.1) J(L.OO—] (25.3) | (18.0) | (9593 —](97.65—
94002 5d 2.00) 111.01) | 107.42)

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.

e 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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e 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.

e (learance 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.

e C(learance 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.

e 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.

e 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.

e 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.

e 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.

e 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.
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Bioanalytical method performance for hydrochlorthiazide (top row) and torasemide (bottom row) in plasma and urine:

Reference ID: 3403875

Analyte: Hydrochlorothiazide Internal Standard: ~ Hydrochlorothiazide-""Cd, | Analyte: Hydrochlorothiazide Internal Standard:  Hydrochlorothiazide-"C. d,
Matrix: Human plasma Detection Method: ~ LC/MS/MS Matrix; Human urine Detection Method:  LC/MS/MS
Standard Curve Range: ~ 1.00- 500 ng/mL Assay Volume: 150 uL Standard Curve Range: 100 - 10000 ng/mL Assay Volume: S0uL
Extraction Method: Protein precipitation Regression Type:  Quadratic, 1/x’ weighting | Extraction Method: Liquid-liquid Regression Type:  Quadratic, 1/x weighting
Room Temperature 25h Processed Sample 94 h, 2-8°C Room Temperature 24h Processed Sample 108 h, 2-8°C
Plasma Stability: Stability: Plasma Stability: Stability:
Freeze/Thaw 5 cycles Long-term Freezer 24 days Freeze/Thaw 5 eycles Long-term Freezer 232 days
Stability, (-20°C): Stability, (-20°C): Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%)] Imprecision [%)] Matrix QC name Concentration Inaccuracy [%] Imprecision [%)]
Plasma LLOQ | ng/mL -74 55 Urine LLOQ 100 ng/mL 20 34
QC low 3.00 ng/mL 2.0 1.8 QC low 250 ng/mL -1.6 21
QC mud 75.0 ng/mL 45 20 QC mid 1500 ng/mL 20 1.6
QC_high 400 ng/mL 0.5 1.7 QC high §500 ng/mL 2.6 N
QC _dil 5000 ng/mL 3.0 0.6 QC dil 50000 ng/mL 226 15
(df =20) (df=50)
Analytes: Torasemide® Internal Standards: Torasemide-d;" Analytes: Torasemide® Internal Standards: Torasemide-d,"
Torasemide M1° Torasemide M1-d-° Torasemide M1° Torasemide M1-d,”
Torasemide M3¢ Torasemide M3-d-° Torasemide M3° Torasemide M3-d;*
Matrix: Human plasma Detection Method: LC/MS/MS Matrix: Human urine Detection Method: LC/MS/MS
Standard Curve Range: 1.00 — 1000 ng/mL* Assay Volume: 50 uL Standard Curve Range: 10.0 — 10000 ng/mL* Assay Volume: 50 uL
0.500 — 500 ng/mL" 1.00 — 1000 ng/mL™
Extraction Method: Solid phase Regression Type: Quadratic, Extraction Method: Protein precipitation Regression Type: Quadratic. |
extraction 1/x* weighting l/x Welghn‘ng
Room Temperature 26h Processed Sample 83 h, 2-8°C Room Temperature 24h Processed Sample 26 h, 2-8°C°
Plasma Stability: Stability: Plasma Stability: Stability: 142 h, 2-8°C™
Freeze/Thaw 4 cycles Long-term Freezer 19 days Freeze/Thaw 4 cycles Long-term Freezer 35 daysiC
Stability, (-20°C): Stability, (-20°C): Stability, (-20°C): Stability, (-20°C): 11 days
Matrix QC name Concentration Inaccuracy [%] Imprecision [%] Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Torasemide® MI1°®  M3° Torasemide® M1 M3 Torasemide® MI1"  M3* Torasemide® MI1®  M3°
Plasma  LLOQ  1.00ng/mL’ 101 128 38 87 86 52 | Urne  LLOQ  10.0ng/ml" 31 30 40 7 1817
= be
0.500 ng/mL™ 1.0 ng/mL
QC low 3.00 ne/mL* 77 87 53 39 44 62 QC _low 30.0 ng/mL* -3.0 -1.0 -3.7 4.7 7.1 7.6
_ 3.00 ng . . 5.3 . : . -
1.50 ng/mL" o 3.0 ng/mL i ) . i )
QC mid 400 ng/mL? 30 20 25 18 1.8 29 QC_mid 4000 ng/mI;C -4.5 -1.3 -43 3.6 48 52
200 ng/mL"™ 400 ng/mL
- = ~ hiol a n _L D5 4 £ 3 3 ¢
QC high 800 ng/mL* 24 33 38 3.0 23 36 QC_high 8000 “g/me 26 46 -2 44 834
- 400 ng/mL" 800 ng/mL"™
} = B ULOQ 40000 ng/mL* 7.0 70 73 4.6 53 38
ULOQ 4000 ng/mL° 2.8 =55 -5.0 1.2 1.6 0.9 (df = 50) be
(dt=20) 2000 ng/mL" ‘ #000 ngiml
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DDI between Verapamil 1245.43:

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)* Geometric mean
and Type of |ID (Batch no.) |[population ratio (90%
Control # Subjects confidence interval)
Entered/ - == —
Completed Substrate Interacting AUC, Chaxss | tmaxss T12.ss C L-'F‘;.s AUC Lss C max; 55
(M/F) Drug [nmol. /L] | [nmol/L] [h] [h] [mL/min] [%0] [90]
Open-label, |empagliflozin |HV empagliflozin 5330 818 1.50 12.5 184 -- --
randomised, |- 25 mg, 16/16 25 mg, single (22.7) 27.7) |(1.00—| (279) | (26.8)
Crossover tablet, p.o. (SM/SF) |dose®™ 2.50)
909473 empagliflozin | verapamil 5500 752 1.75 13.6 178 102.95 [ 92.39
verapamil — 25 mg, single [120 mg, (254) (27.2) [ (0.683 | (28.1) | (24.8) | (98.87 -] (8538 —
120mg, tablet. dose®’, single dose -3.00) 107.20) | 99.97)
p.o., AS1341
Bioanalytical method performance for verapamil in plasma:
Analyte: Verapamil Internal Standard: Verapamil d-6
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 1.00 — 1000 ng/mL Assay Volume: 50 uL
Extraction Method: Liqud-liquid Regression Type: Quadratic, 1/x* weighting
Room Temperature 24h Processed Sample 95 h. 2-8°C
Plasma Stability: Stability:
Freeze/Thaw 5 eycles Long-term Freezer 84 days
Stability, (-20°C): Stability, (-20°C):
Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
Plasma LLOQ 1.0 ng/mL -2.4 3.5
QC _low 3.00 ng/mL 23 34
QC mud 200 ng/mL -1.5 3.6
QC high 750 ng/mL 1.5 1.5
QC dil 5000 ng/mL 44 1.8
(df = 50)

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 Ramipril 1245.45:

Reference ID: 3403875

Study Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%(.‘V)Eﬂ Geometric mean
Objective and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - =5 —
Completed Substrate Interacting AUC 4 Chaxss | Tmaxss t1/2 s C L-:F‘gs AUC 55 C max ss
(M/F) Drug [nmol.WL]| [nmol/L] [h] [h] [mL/min] [%0] [%0]
DDI between |Open-label, |empagliflozin |HV empagliflozin 5930 899 1.02 13.6 161 - --
empagliflozin |randomised, |- 25 mg, 23/23 25 mg, q.d. (16.8) (23.1) | (0.667 | (40.2) | (19.5)
and ramipril |crossover tablet, p.o. (BM/15F) |5d —3.00)
909473 empagliflozin [ramipril 5750 929 1.50 15.0 165 96.55 | 104.47
25mg, qd. |5Smg, q.d. (15.5) (20.0) [(1.00—] (43.2) | (17.1) | (93.05—|(97.65 -
ramipril — 5d Sd 4.00) 100.18) | 111.77)
2.5/5mg”, ramipril
tablet, p.o.. ramipril 98 918 [ 0333 ] 358 | 13500 -- -
H488 5 mg. q.d. (32.8) | (41.3) | (0333 | (72.1) | (40.9)
5d —1.00)
ramipril empagliflozin 7.73 10.0 333 | 337 12200 | 108.14 | 103.61
5mg, q.d. 25 mg, q.d. (354) (46.0) (0333 ] (85.1) | (39.2) | (100.51 |(89.73 -
5d 5d —1.00) -116.35)] 119.64)
ramiprilat (metabolite
ramipril 88.2 11.9 2.00 752 966 -- --
Smg, q.d. (154) 38.0) |(1.48—] (24.6) | (15.5)
5d 4.02)
ramipril empagliflozin |  86.7 11.6 2.00 80.0 998 98.67 98.29
Smg, q.d. 25 mg, q.d. (20.2) (45.7) [(1.50—] (34.2) | (20.2) | (96.00—|(92.67 -
5d 5d 4.00) 101.42) | 104.25)
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Bioanalytical method performance for ramipril and ramiprilat in plasma:

Analytes: Ramipril® Internal Standard: Ramupril-ds°
Ramiprilat® Ramiprilat-ds®
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.500 — 50.0 ng/mL Assay Volume: 250 pL
Extraction Method: Solid phase extraction Regression Type: Linear, 1/x*°
Linear, 1/x°
Room Temperature 24h Processed Sample 123 h, 2-8 °C
Plasma Stability: Stability:
Freeze/Thaw 5 cyeles Long-term Freezer 304 days
Stability, (-70°C): Stability, (-70°C):
Matrix QC name  Concentration Inaccuracy [%] Imprecision [%o]
Ramipril®  Ramiprilat” Ramipril’  Ramiprilat”
Plasma LLOQ 0.050 ng/mL -3.70 1.62 7.67 12.0
QC low 0.140 ng/mL 0.286 3.86 4.63 891
QC mid 1 0.400 ng/mL 1.92 241 4.67 4.86
QC mid?2 1.50 ng/ml. 1.61 3.29 4.87 3.84
QC high 1 6.00 ng/mL 1.83 1.61 4.84 3.70
QC high?2 38.0 ng/mL 0.227 221 5.94 5.44
QC dil 250 ng/mL -2.09 -1.45 0.663 2.00
(df=10)

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:

Study Design | Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)",,” | Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ - T —
Completed Substrate Interacting AUC 155 C max ss Timax ss t1/2 s C L F\?S AUC s C max ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [%0] [%0]
Open-label, |empagliflozin |HV empagliflozin 4770 610 2.75 13.3 199 -- --
randomised, |- 25 mg, 18/18 25 mg, single (16.7) (16.2) |(1.00—1] (50.0) | (18.3)
CTOSSOVEr tablet, p.o. (11M/7F) |dose 4.02)
009473 empagliflozin | gemfibrozil 7630 713 3.00 13.6 127 158.50 | 115.00
gemfibrozil — 25 mg. single [600 mg. b.rd. | (20.8) (22.1) J(1.50—] (30.2) | (23.1) | (151.77 ] (106.15
600 mg, dose” 5d 4.05) -165.53)1-124.59)
tablet, p.o.,
0939070

In the gemfibrozil DDI study, a single dose of empagliflozin was administered and PK parameters listed are AUCO-c0, 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 OATP1B1' in humans, for which empagliflozin is a substrate based on in vitro studies. The
study results are in agreement to the in vitro findings.

! 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 | Analyte: Gemfibrozil Internal Standard: Gemfibrozil-ds
gemfibrozil on Days -1, 1, 2, and 3 (corresponding t.o Matrix: Human plasma Detection Method: LCMS/MS
24, 48, 72, and 96 h after first gemfibrozil o o s0s / . . :
administration) during multiple oral administration of Standard Curve Range: 5030000 ng'mL Assay Volume: 0L
600 mg gemfibrozil twice daily for 5 days with a single o .
58 . y y 8 Extraction Method: Liquid-hquid Regression Type: Quadratic,
dose of 25 mg: S
2000 1/x weighting
Room Temperature 24 h ambient Processed Sample 98 h, 2-8°C
— 2e00 Plasma Stability: Stability:
j'g Freeze/Thaw 5 eycles Long-term Freezer 64 days
2 | Stability, (-20°C): Stability, (-20°C):
”g’ 2000 Matrix QC name Concentration Inaccuracy [%] Imprecision [%]
fﬁ 1500 - Plasma LLOQ 50.0 ng/mL 9.6 53
S QC low 150 ng/mL 33 28
§ 1000 QC_mid 2750 ng/ml. 11 L6
,_UEg QC highl 25000 ng/mL 12 1.6
S 500 QC high?2 38000 ng/mL 0.5 1.2
QC dil 500000 ng/mL 38 10
0 . w . w (df=50)
0 24 48 72 9% 120

time [h]

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:

Study Design |Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)"",,” | Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ n T —
Completed Substrate Interacting AUC 55 C max ss | P t12.es CL 1:‘?5 AUC s C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [20] [%0]
Open-label, |empagliflozin |HV empagliflozin 5680 806 1.00 14.9 169 - -
randomised, |[—25 mg, 18/17 25 mg, single 20.8) (30.0) | (0.667 | (48.1) | (18.3)
Crossover tablet, p.o. (12M/6F) |dose —3.00)
909473 empagliflozin |simvastatin 5800 876 1.00 13.8 165 102.05 | 109.49
25 mg, single |40 mg, single | (22.7) 27.2) | (0.667 | (35.0) | (18.2) |(98.90—](96.91 -
simvastatin — dose dose —2.98) 105.29) | 123.69)
40 mg. simvastatin
tablet. p.o. simvastatin 40.4 993 [ 0667 | 957 [ 23700 - -
302431 40 mg, single (57.2) | (67.8) | (0.400 | (50.3) | (62.4)
dose —6.00)
simvastatin ~ |empagliflozin | 40.2 940 | 0983 | 823 | 24200 | 101.26 | 97.18
40 mg, single |25 mg, single | (54.6) (622) | (0.667 | (36.8) | (74.1) | (80.06—|(76.30—
dose dose —2.50) 128.07) | 123.77)
Open-label, [empagliflozin [HV simvastatin acid (metabolite)
randomised, |- 25 mg, 18/17 simvastatin 217 1.90 4.00 9.76 | 50100 -- --
CTOSSOVer tablet. p.o. (12M/6F) 140 mg. single (71.9) (68.2) |(L.O0O—] (77.3) | (72.3)
909473 dose 6.00)
simvastatin — simvastatin ~ |empagliflozin | 227 1.84 4.00 893 | 50200 | 10487 | 97.27
40 mg. 40 mg, single |25 mg, single | (77.0) (73.1) | (150 -] (40.6) | (96.6) |(90.09 —](84.90 -
tablet, p.o. dose dose 6.02) 122.07) | 111.44)
302431

In the simvastatin DDI study, both empagliflozin and simvastatin were administered as single doses and PK parameters listed are
AUCO0-00, Cmax, tmax, t1/2, and CL/F.
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Bioanalytical method performance for simvastatin and its metabolite in plasma:

Analytes: Simvastatin® Internal Standard: Smivastatin-dg”
Simvastatin acid" Simvastatin acid-d°
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 0.0500 — 100 ng/mL Assay Volume: 200 pL
Extraction Method: Liquid-liquid Regression Type: Quadratic,
1/x* weighting
Room Temperature 6h Processed Sample 51h, 2-8°C
Plasma Stability: Stability:
Freeze/Thaw 4 cycles Long-term Freezer 86 days
Stability, (-20°C): Stability, (-20°C):
Matrix QCname  Concentration Inaccuracy [%] Imprecision [%]
Simvastatin®  Simvastatin Simvastatin®  Simvastatin
Acid” Acid”
Plasma LLOQ 0.0500 ng/mL -0.8 -4.0 52 6.9
QC low 0.150 ng/mL -2.7 -3.3 5.8 3.0
QC mud 5.00 ng/mL -0.6 1.0 3.7 24
QC high 75.0 ng/mL -0.9 -13 32 29
ULOQ 250 ng/mL -0.4 04 1.9 1.1
(df = 10)

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:

Study Design |Test Product |Study Treatments Mean Pharmacokinetic Parameters (%CV)"®""" | Geometric mean
and Type of |ID (Batch no.) |population ratio (90%
Control # Subjects confidence interval)
Entered/ n T —
Completed Substrate Interacting AUC 55 C max ss | P t12.es CL 1-"‘?5 AUC s C ma ss
(M/F) Drug [nmol.h/L]| [nmol/L] [h] [h] [mL/min] [20] [%0]
Open-label, |empagliflozin |[HV empagliflozin 2330 313 1.50 11.8 171 - --
randomised, |- 10 mg, 18/16 10 mg, single 31.4) (27.7) [(1.00-1] (34.2 (24.9)
CTOSSOVEr tablet, p.o. (10M/8F) |dose 3.00)
003436 empagliflozin |rifampicin 3150 546 1.00 7.53 126 13520 | 175.14
10 mg, single |600 mg, (32.9) (29.0) | (0.667 | (21.4) | (24.4) [(129.58-](160.14—
rifampicin — dose single dose —1.50) 141.06) | 191.56)
600 mg, empagliflozin |probenecid 3540 389 150 | 13.0 113 | 15347 | 125.60
tablet. p.o. 10 mg, single |500 mg, b.i.d. | (33.1) (29.6) [(1.00—| (23.1) | (25.1) |(146.41-](113.67-
dose® 4d 3.00) 160.88) | 138.78)
probenecid —
500 mg,
tablet, p.o.

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
OATPI1BI1 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.
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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:

Analytes: Rifampm® Internal Standards: Rifampin-d’
(Rifampicin) Probenecid-d"*
Probenecid"
Matrix: Human plasma Detection Method: LC/MS/MS
Standard Curve Range: 10.0 — 10000 ng/mL* Assay Volume: 0.05 mL
250 -250000 ng/mL"
Extraction Method: Liquid-liquid Regression Type: Linear,
extraction 1/x* weighting
Room Temperature 7h Processed Sample 259h
Plasma Stability: Stability:
Freeze/Thaw 5 cycles Long-term Freezer 95 days
Stability, (20°C): Stability, (20°C):
Matrix QC name  Concentration Inaccuracy [%] Imprecision [%]
Rifampin®  Probenecid” Rifampin®  Probenecid”
Plasma LLOQ 10.0 ng/mL* -1.10 -11.6 7.48 15.8
25 ng/mL"
QC low 30.0 ng/mL* 3.67 -1.73 10.2 11.6
750 ng/mL"
QC mud 750 ng/mL* 6.40 347 4.79 4.81
18800 ng/mL"
QC_high 7500 ng/mL* 3.47 -0.267 6.61 5.94
188000 ng/mL"
ULOQ 20000 ng/mL* 10.0 3.00 2.66 5.67

(df=20)  500000ng/mL"
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.

NDA 204629 OCP Review Final 99
Reference ID: 3403875



4.1.5 PKPD in Renal Impairment (1245.12)

Study Design |Treatments |Study population |Results — Study Parameters Geometric mean ratio
(Dose, dosage |# Subjects Entered/ | Mean (% CV) (90% confidence
Form Route) | Completed (M/F) interval)
[Batch no.] - T ; el ]
-"‘XUCO.GO C max Cnax (57 fe.(lf%'h C LR_0—9611 UGE -ALUCO.OQ max
[nmol.lvL] | [nmol/L] [h] [h] (%) [mI./min] [g] [%o] [%0]
Open-label, |50 mg tablet |8 subjects 10600 1240 1.00 19.9 16.1 28.5 97.6 -- -
parallel p-o. MDRD: =90 (l6.4) (23.5) | (1.00— | (58.8) | (26.7) (20.5) (7.20)
group. single |[B09100097 |mL/min/1.73 m2 3.00)
dose 8] (IM/TE)/ (1M/7F)
9 subjects 12700 1500 2.50 246 11.7 18.6 61.6 118.24 118.83
MDRD: 60-89 20.8) 294) | (2.00—1] (84.5) | (36.4) (46.9) (6.89) | (96.17—] (93.62 —
mL/min/1.73 m2 4.00) 145.38) 150.84)
(3M/6F)/(3M/6F)
7 subjects 13000 1290 2.00 238 7.69 11.8 55.7 119.94 102.27
MDRD: 30-59 (25.1) (37.9) | (1.50— | (87.9) | (70.1) (69.6) (16.9) | (96.25— ] (79.33 -
mL/min/1.73 m2 3.00) 149.47) 131.85)
(4M/3F)/(4M/3F)
8 subjects 17700 1520 2.00 279 3.64 3.95 18.3 166.29 120.68
MDRD: <30 (17.8) (31.6) [(0.667 -] (76.8) | (36.1) (30.6) 3.93) [(134.44 —| (9442 -
mlL/min/1.73 m2 4.00) 205.68) 154.25)
(TM/TF)/(TM/1F)
8 subjects 16600 1290 2.50 22.0 0.345 0.502 0.779 148.29 103.75
Kidney failure/ (38.7) (27.5) | (1.50—| (74.3) | (56.4) (59.1) [(0.904)1(119.89 —| (81.18 —
ESRD 3.00) 183.42) 132.61)
(AM/AF)/ (AM/4F)

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)

Study Design

Treatments

(Dose, dosage

Study population
# Subjects Entered/

Results — Study Parameters
Mean (% CYV)

Geometric mean ratio
(90% confidence

Reference ID: 3403875

Form Route) |Completed (M/F) interval)
[Batch no.] - T3 . —T7 ;
zALUCQm Cmax tm.ax t1.«'2 fe,0—9611 C LK0—2411 UGE zALUCQ,oo Cmm{
[nmol h/L] | [nmol/L] [h] [h] (%) [mL/min] [g] [%6] [2%]
Open-label, |50 mg tablet empagliflozin
parallel p-o. 12 subjects 10800 1370 2.00 19.9 16.6 28.7 42.6 -- --
group. single [[B09300019 [normal (22.6) (33.9) | (1.00— | (43.1) | (26.5) | (303) | (31.9)
dose 6] (4M/8F)/(4M/8F) 4.00)
9 subjects 13800 1430 1.50 18.1 15.2 237 36.2 12315 103.81
mild (Child-Pugh (38.0) (36.8) |(0.667—| (259) | (20.6) | (48.0) | (31.2) | (9889 — | (82.29—
class A) 4.00) 153.36) | 130.95)
(4M/4F)/ (4M/4F)
7 subjects 16100 1660 2.00 171 16.7 199 384 146.97 123 31
moderate (Child- (26.2) (26.4) 1(0.667—| (45.9) | (35.0) | (36.8) | (60.7) | (118.02 —| (97.74 —
Pugh class B) 2.50) 183.02) | 155.55)
(SM/3F)/(5M/3F)
8 subjects 19000 1970 1.50 17.7 20.3 213 40.2 174.770 148.41
severe (Child- (27.1) 22.1) [(0.667 -] (67.4) | (23.5) | (37.1) | (54.8) | (140.29 —[ (117.65 —
Pugh class C) 2.50) 217.55) | 187.23)
(4M/4F)/(4AM/4F)
empagliflozin-2-O-glucuronide
12 subjects 1070 146 2.50 9.06 3.47 144 -- -- --
normal (24.3) (384) | (150 (257 | 257 | (23.8)
(4M/8F)/(4M/8F) 4.00)
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Study Design

Treatments

Study population

Results — Study Parameters

Geometric mean ratio

Reference ID: 3403875

(Dose, dosage |# Subjects Entered/ | Mean (%CV) (90% confidence
Form Route) |Completed (M/F) interval)
[Batch no.] ; 53 ) 3 )
AUC.. Crnax Tmax tin fe_0—96h C LR_O-Z-’lh UGE AUCq.o Conax
[nmolh/L] | [nmol/L] [h] [h] (%) | [mL/min] [g] [%] [%0]
Open-label, |50 mg tablet empagliflozin-2-O-glucuronide
parallel p.o. 9 subjects 1290 124 225 10.8 | 8.88 136 - - --
group. single [[B09300019 [mild (Child-Pugh (41.4) (364) | (1.50- | (40.1) | 234 | (31.3)
dose 6] class A) 4.00)
(4M/4F)/(4M/4F)
7 subjects 1140 116 2.50 10.5 7.15 126 - -- -
moderate (Child- (38.0) (34.6) | (1.50— ] (49.6) | (19.8) | (31.0)
Pugh class B) 2.50)
(5M/3F)/(5M/3F)
8 subjects 969 82.6 2.50 12.0 6.09 148 - -- -
severe (Child- (66.6) (30.8) | (1.50— ] (559) | (25.3) | (59.1)
Pugh class C) 3.00)
(4M/4F)/(4AM/4F)
empagliflozin-3-O-glucuronide
12 subjects 1150 166 2.50 8.47 12.1 192 -- -- -
normal (25.0) (41.4) 1 (2.00—] (22.0) | (25.6) | (30.2)
(4M/8F)/(4M/8F) 4.00)
9 subjects 2380 225 2.50 2.5 16.4 134 - -- -
mild (Child- (34.5) (37.8) | (1.50— ] (57.9) | (16.8) | (27.6)
Pugh class A) 4.00)
(4M/4F)/(4M/4F)
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Study Design |Treatments |Study population |Results — Study Parameters Geometric mean ratio

(Dose, dosage |# Subjects Entered/ | Mean (% CV) (90% confidence
Form Route) | Completed (M/F) interval)
[Batch no.] - - = - — - -
AU CO-oo C max {max (BT fe_0—96h C LR_O-2411 UGE AU CO-M C max
[nmol.lvL] | [nmol/L] [h] [h] (%) [mI./min] [g] [%o] [%0]
Open-label, |50 mg tablet empagliflozin-3-O-glucuronide
parallel p-o. 7 subjects 3150 243 275 19.7 16.8 109 -- -- --
group. single [[B09300019 |moderate (Child- (37.8) (28.6) | (1.50— | (99.8) | (34.1) (25.7)
dose 6] Pugh class B) 4.00)
(5M/3F)/(5M/3F)
8 subjects 3180 220 2.50 13.1 19.5 144 -- -- --
severe (Child- (57.2) 33.6) | (2.00— | (58.7) | (20.1) (49.5)
Pugh class C) 6.00)

(4M/4F)/(4M/4F)

empagliflozin-6-O-glucuronide

12 subjects 1140 97.6 4.00 10.3 3.57 57.0 - -- --
normal (17.4) 212) | 50— | (447 | (253) ] (28.9)

(4M/8F)/(4M/8F) 6.00)

9 subjects 1430 88.3 4.00 10.7 3.38 483 -- - -
mild (Child- 52.1) | 382) | 300 | @21 | 208) | (32.9)

Pugh class A) 8.00)

(4M/4F)/(4M/4F)

7 subjects 1190 69.9 4.00 12.5 2.86 49.1 -- - -
moderate (Child- (39.8) (41.0) | 300 | (443) | 227 | (29.0)

Pugh class B) 10.0)

(SM/3F)/(5M/3F)
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(4M/4F)/(4M/4F)

Study Design | Treatments |Study population |Results — Study Parameters Geometric mean ratio
(Dose, dosage |# Subjects Entered/ | Mean (%CV) (90% confidence
Form Route) |Completed (M/F) interval)
[Batch no.] - - T . = = ;
AU CO-oo C max Tmax tin fe_O—QSh C LR_0-2411 UGE AU C(}-oo C max
[nmol.l/L] | [nmol/L] [h] [h] (%) [mL/min] [g] [%] [%0]
Open-label, |50 mg tablet empagliflozin-6-O-glucuronide
parallel p-o. 8 subjects 771 455 5.00 10.7 2.49 70.1 -- -- -
group, single [[B09300019 |severe (Child- (58.4) 35.7 (2.00— | (43.0) | (21.6) (46.7)
dose 6] Pugh class C) 10.0)

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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4.2 Pharmacometric Review
OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

Application Number 204629
Submission Number 03/05/2013
(Date)

Compound/Formulation/ | Empagliflozin Film Coated, Immediate Release Tablets:
Dosing regimen Starting dose10 mg, can be increased to 25 mg for additional
glycemic control

Indication Indicated as an adjunct to diet and exercise to improve
glycemic control in adults with type 2 diabetes mellitus

Clinical Division DMEP

Primary PM Reviewer Manoj Khurana, Ph.D.

PM Team Leader Nitin Mehrotra, Ph.D.
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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 HbA1lc 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
HbA 1c reduction of up to 0.14% units. There was however, a dose-dependent increase in
proportion of patients who achieved <7% HbAIlc by the time of primary end-point
measurement (Figure 3).

The HbAlc 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).
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Figure 1: Time-profiles for adjusted mean (SE) change from baseline in HbAlc in
Phase 3 monotherapy trial 1245.20. [Source: Sponsor’s Figure 15.2.1.2.2:5 - HbAIc (%)
ANCOV A 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 HbAlc as a linear covariate.|
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The mean (95%CI) change from baseline in HbAlc by treatment from the confirmatory
Phase 3 trials is shown in Figure 2 below. The mono-therapy trial (1245.20) and add-on
to pioglitazone and/or metformin trial (1245.19) showed numerically higher reduction in
HbA ¢ from baseline (about 0.13%) for the 25 mg once daily dose. Whereas, in add on to
metformin and add on to metformin plus sulfonylurea trials, both 10 mg and 25 mg
treatments showed almost similar response against the placebo group (Figure 2) with
modest to no separation in mean HbAlc reduction from baseline between the two active
treatment arms (see Figure 2). This suggests that in certain treatment settings, the 25 mg
dose could provide additional benefit for some patients with regards to HbA1c reduction.

Adjusted Mean (+SE) Change in HbA1c by Treatment at Week 24 in Pivotal Phase 3 Trials (FAS-LOCF)
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EMPA = empagliflozin, CI = confidence interval, LOCF = last observation carried forward,
FAS = Full Analysis Set, MONO= Monotherapy, MET= Metformin, SU = sulfonylurea,
PIO = Pioglitazone.

Figure 2: Adjusted Mean (+SE) Changes from Baseline in HbAlc (%) at Primary
Assessment Time-point-LOCF: Study-by-Study Comparison (Phase 3 Studies: Full
Analysis Set)
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Empagliflozin Dose-Response for Efficacy (Percentage achieving <7% HbA1c at Week 24) By Trial - (FAS-LOCF)
50

[QD Treatment (mg) M Placebo [ 10mg M 25mg |

43.6

Change from baseline in HbA1c (%)

1245.20(monotherapy) 1245.23(met) 1245.23(met+SU) 1245.19 (piotmet)
Trial

Figure 3: Proportion of Patients who Achieve <7% HbA1lc 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 HbAlc 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 HbAlc 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 Hbalc reduction with the latter. The proportion of subjects who achieved target
HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc 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 HbAlc
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 HbAlc 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 1U in the empagliflozin 25 mg group (97.5% CI: -11.00, -0.85). At Week
18, among patients with a baseline HbAlc 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 HbAlc values of less than 7.0% compared with 5.5% of patients in the
placebo group.
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Placebo adjusted Mean (95%Cl) Change in HbA1c by Treatment at Week 12 in Phase 2/3 Trials (FAS-LOCF)
0.5

[ Treatment B Empa5mg [ Empal0mg B Empa25mg M Empaimg B Empa50mg |

0.0

-0.5

Change from baseline in HbA1c (%)

T T T T T
1245.09 (MONO) 1245.10 (+MET) 1245.33*(+INSULIN) 1245.38 (JPN) 1245.48 (ANTIHYP)
Trial

Table Shows Number of Patients by Treatment for Each Trial
*Week 18 end-point in Trial 1245.33

Figure 4: Placebo adjusted mean (95%CI) Changes from Baseline in HbAlc (%) 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:

e Consistent with the known mechanism of action of empagliflozin, there is a lower
reduction in HbAlc levels with increasing degree of renal impairment in subjects
with type 2 diabetes. The reduction in HbAlc 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).

e 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.

e In subjects with moderate renal impairment only 25 mg dose was evaluated,
limiting any dose-response assessment. However, decrease in HbAlc 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/1.73m? (Figure 5). Based
on absolute response, empagliflozin 25 mg once daily dose showed modest
efficacy in patients with eGFR 30 to <45 mL/min/1.73m* per se, and placebo
adjusted response seems to be inflated by worsening of HbAlc 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 SGLTI. 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).
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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.

Correlation of Empagliflozin in Urine and Urinary Glucose Excretion in First 24 hours by Renal
Function
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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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SGLT?2 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 HbAlc is affected by baseline renal function and treatment in
type 2 diabetes mellitus subjects with renal impairment

(1245.36)

Trial Baseline Change from baseline Difference from placebo
Treatment HbA,,, Adjusted Adjusted

group N mean (SE)  Mean (SE) mean (SE) mean (SE) 95% CI p-value
.1 245'.3 6 “"121 renal Endpoint assessed after 24 weeks

mmpairment

Placebo 95  8.09(0.08)  0.04(0.08) 0.06 (0.07)

Empa 10 mg 98 8.02(0.09) -0.46(0.07)  -0.46(0.07) -0.52(0.10) (-0.72,-0.32) <0.0001
Empa 25 mg 97 7.96 (0.07) -0.61 (0.07)  -0.63 (0.07) -0.68 (0.10) (-0.88,-0.49) <0.0001

1245'%6 querate3 Endpoint assessed after 24 weeks
renal impairment
Placebo 187  8.04(0.06)  0.05(0.05) 0.05 (0.05)

Empa 25 mg 187 8.03(0.06) -0.37(0.05) -0.37(0.05) -0.42 (0.07) (-0.56,-0.28) <0.0001

3 Renal impairment was assessed by eGFR calculated with the MDRD formula: mild (eGFR of 60 to <90 mL/min/1.73 nr),
moderate (eGFR of 30 to <60 mL/min/1.73 m~). ANCOVA model includes baseline HbA,,, baseline background
medication, and treatment.

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/l.73m’.
Overall, the data demonstrate a trend for reduced efficacy with decrease in eGFR.

Figure 7 describes the mean (95%CI) change in HbAlc 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 HbAlc is observed
following 24 weeks treatment with empagliflozin. In moderate RI, however, this trend is
primarily driven by changes in HbAlc from baseline in subjects with eGFR 45 to <60
mL/min/1.73 m? [Adjusted mean (SE) HbAlc 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 m” per se [absolute mean (SE) change from baseline in
HbAlc of —0.21 (0.07)]. However, placebo adjusted response for empagliflozin 25 mg
once daily dose (Mean reduction in HbAlc of -0.39% unit) seems to be inflated by
worsening of HbAlc response in placebo group [absolute mean (SE) change from
baseline in HbA lc of 0.17 (0.07)] in eGFR 30 to < 45 ml/min/1.73 m’ subgroup. At week
24, magnitude of change in HbAlc from baseline in subjects with eGFR< 30
mL/min/1.73m” appears similar between placebo and treatment groups.

Mean (95%CI) Change in HbAlc by Treatment at Week 24 in Renal impairment (1245.36)
| QD Treatment (mg) RXY] Placebo B Empa 10 mg 77/} Empa 25 mg | T

004 K i \\ 1 2

Change from baseline in HbAlc (%)

o -

T T T T
60to <90 (Mild RI) 45t0 <60 (Mod RI-A) 30to <45 (Mod RI-B) 15to <30 (Sev RI)

Renal Function Subgroup

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

Proportion of subjects, who achieved target HbAlc 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.

Figure

Longitudinal Change in eGFR following Treatment with Empagliflozin

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.
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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/1.73m?, 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.

(SE)

Mean
/

nﬂg%th data at visit

264 7
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[o]n|=N]
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Baseline Week 6

Planned study week

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)
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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)
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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.

Treatment duration 0 4 12 24 52 76 90 208
k
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any grouping

(12451, 1245.3, 1245.5, 1245.6, 1245.7, 1245.8, 1245.16, 1245.17, 1245.18, 1245.27, 1245.30, 1245.40,

{23 Phase I studies in healthy subjects
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1245.41, 1245.43, 1245 .45, 1245.50, 1245.51, 1245.58, 1245.63, 1245.79, 1275.3, 1276.5, 1276.9)
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1245.42 (drug-interaction with diuretics)

1245.83 (drug-interaction with rifampicin and probenecid)

Figure 14: Pooling strategy for safety assessment

Overall safety assessment showed the following (see Figure 15):

e 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).

e 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.

Confirmed Hypoglycemic AEs — X O A
Urinary Tract Infection D
Genital Infection (0N +X
Volume Depletion 18X
Hepatic Injury (SMQ) POA
Decreased Renal Function X
Bone Fracture XD
Malignancy — A
Malignancy (>=6 mo from TRT INIT) 4 &

T T T T T T T T

0 2 4 6 8 10 12 14

Percent patients with AE

O Placebo (Sum) + Empa_10mg (Sum)
X Empa_25mg (Sum) A All_Comparator (Sum)

N -Placebo =3522 Empa 10mg = 3630 Empa 25mg=4602 All Comparators=4676

Fig
dat

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

e 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%).

e 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).

AE = Confirmed hypoglycaemic AEs AE = Decreased renal function AE = Genital infection
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Source: Table 5.1.6:1 Summary of Clinical Safety Page 202 of 263

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 mz):

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 HbAlc 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 HbAlc reduction of up to 0.14% units. In addition, there
was a dose-dependent increase in proportion of patients who achieved <7%
HbAlc by the time of primary end-point measurement. Therefore, there is
merit in having both doses available for use. Placebo adjusted mean
reductions in HbAlc (% 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 HbAlc) 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 m°):

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
HbAlc (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/1.73m?
demonstrated that the efficacy in patients with moderate renal impairment was
primarily driven by the subjects with baseline eGFR>45 mL/min/1.73m’
where, HbAlc 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/1.73m”> 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/1.73m’ per se, and placebo
adjusted response seems to be inflated by worsening of HbAlc 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/1.73m’ subgroup. Also note that similar post-hoc analysis for
two other SGLT-2 inhibitors (canagliflozin and dapagliflozin) showed that
HbAlc response for patients with eGFR 30 to <45 mL/min/1.73m* 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/1.73m” (generally regarded as Moderate
RI-A) and eGFR 30 to <45 mL/min/1.73m” (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/1.73m’. Therefore, we recommend that among
patients with moderate renal impairment empagliflozin should be used in
patients with eGFR 45 to <60 mL/min/1.73m” 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/1.73m’.

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

o Benefit:

For patients with eGFR < 30 mL/min/ 1.73m* 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/1.73m”.

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-strikeeutfont 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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2 DOSAGE AND ADMINISTRATION

2.1 Recommended Dosing
The recommended JARDIANCE is 10 mg once

which can be increased to 25 mg once daily. 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.

2.3 Renal Impairment

8.6 Renal Impairment

8.7 Hepatic Impairment

TRADENAME may be used in patients with
impairment [see| T T " ® Clinical Pharmacology (123)]

12.3 Pharmacokinetics

Specific Populations
Renal Impairment

In patients with mild (eGFR: 60 - <90 mL/min/1.73 m?), moderate (eGFR: 30 - <60
mL/min/1.73 m?), severe (eGFR: <30 mL/min/1.73 m’) 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
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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 e

Effects of Age, Body Mass Index, Gender, and Race

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)].
(®) (@)

Reviewer’s comments:

e Proposed labeling claim by the Sponsor that “there is no clinically meaningful
effect of age, BMI, gender and Race (Asians versus primarily Whites) on
empagliflozin pharmacokinetics” is acceptable. However, the information on
covariate effects is combined to keep the label concise.

2 RESULTS OF SPONSOR’S ANALYSIS

Text in Sections 2.1 and 2.2 below is copied from the Sponsor’s Population PKPD
Analysis reports except the reviewer’s comments.

2.1 Population PK and PKPD Analyses

According to the sponsor’s population PK and population PKPD analysis reports, a
preliminary population pharmacokinetic model was developed for empagliflozin using
data from Phase 1 studies 1245.1, 1245.2, 12454, and 1245.5. This model was later

adopted for obtaining the final population pharmacokinetic and pharmacokinetic-
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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
(HbAlc).

= 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/1.73m* (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
HbAlc) 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;
HbAlc 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 n-¢ 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 wurinary 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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b2 bz
(B LG (9, JRACEASIAN] TPRO;(g/dL)\™ ( 0.8(mg/dL) exp
6.8(g/dL) SCR;(mg/dL)

. o o i A1) )
E = 62‘ W Tf(kg) 3 AGE;(}‘EEHS) B ,(BlS)MCE. [ASIAN] | TPROf(g/dL) ! . equl—?—m
E 70(kg) 50(years) 6.8(g/dL)

% _, [WTikeg)) (AGE(years) B”. B, RACEIASIAN] TPRO;(g/dL) 9‘9. Ty,
E 4 70(kg) 50(years) 18 6.8(g/dL)

7 0.75
g: » W T;[kg) - ”(%)ﬂ'
F 70(kg)

ka,i - 65 « [920 )Ri\CE] [ASIAN] | exp”"""

AA!RT; — 66 " [921 JRACE] [ASU\N] . exp?],nmr.r

Flf ke (GBZ)Sludyi[IZ:IS.l] ) ('eza)Dose][siOOmg] r (624)Dosei[500mg]

NDA 204629 OCP Review Final / Pharmacometric Review of Empagliflozin 130

Reference ID: 3403875



Final Population PK Model:
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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:

e CL/F:10.6(10.2,11.1) L/hr

e V2/F:3.14(2.41,4.10) L

o Q/F:6.34(5.84, 6.89) L/hr

e 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.

NDA 204629 OCP Review Final / Pharmacometric Review of Empagliflozin 131

Reference ID: 3403875



TPROSO0 —a—
TPROTS ——
TPROG0 —
AGETS ——
AGEGS ——
AGE45 —
AGE35 ——
EGFR120 ——
EGFRDS0 —
EGFRO75 ——
EGFROG0 ——
EGFRO50 ——
EGFRO30 —_—
EGFRD15 —_——
BMI45 ——
BMI35 -
BMI30 -
BMI20 ——
SMOK.CURRENT ——
ASIAN -
FEMALE ——
REFERENCE ——

T T
1.0 15 20

Normalized steady state area under the curve
Reference group: male, non—Asian, non-smoker, TRPO 70, EGFR 100, ALT 20, AST 20, LOH 160, BMI 25, AGE 50

Estimated covariate effects on relative empagliflozin
exposure (AUC;;/ reference AUC;;) from the
population pharmacokinetic model.

The solid point represents the median and horizontal lines represent the 95% CI for each covariate effect.
ClIs 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 HbA1lc Exposure-Response
e The empagliflozin PK-PD data set for exposure-FPG and HbAlc 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 HbAlc 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 HbAlc modeling. Model
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development proceeded by first fitting an indirect response model, driven by
empagliflozin exposure (AUCss), to the FPG data.

— PK
k, empaglifiozin |  ka (exposure)
plasma (V2) | |

empagliflozin
peripheral (V3)

PD
(response)
_ 11
o FPG ﬁ(
in,FPG out,FPG

kin,HhAic

HbA1c |
kou!,HbAlc

U: stimulation (STIM)= G,,,,,*AUC/(AUC,, + AUC)

i: inhibition (INH)= FPG (decrease FPG = decrease HbAlc)

d(FPGij)
dt
where STIM was a nonlinear Emax expression describing the effect of exposure (AUCss;;) on FPG.

—; k}:pgm — krpc,, - FPG; -(1 +STIA{{;J]

GJWTAXE‘ 'AUCSS;'J'

STIM; ;=
" AUCsp+AUCss; j

d(FPGij ! . o - .
A steady-state (% = 0) assumption was made to solve for kppg,, ; under initial conditions. This

parameterization included estimation of a baseline FPG (BFPG).

out

kgpg,,; = BFPG;* kgpg

for the ith individual at the jth collection time.

e 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 (BFPQG)
and the extent of stimulation (GMAX) for FPG removal (STIM).

e 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.
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Estimated covariate effects on relative empagliflozin
exposure (AUC;/ reference AUC;;) from the
population pharmacokinetic model.

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

e 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 kKFPGout,i describing the time to achieve the maximal drug effect
was therefore fixed at the estimate

NDA 204629 OCP Review Final / Pharmacometric Review of Empagliflozin 134

Reference ID: 3403875



e (0.0407 1/hr) from the previous model (U12-2524). The estimated (95% CI)
AUCS0 (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 AUCS50 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/1.73m* 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/1.73m?, respectively.

e 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.

e 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/m’, 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.

e 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 HbAlc:

d(HbAlC{J)
dt

HbAlciimi
= }ICI-IbAlcjn‘-l : FPG,J — kHbAlCaut,i . HbAlCU . (l _ &)

Hb;ﬁllclfj

The HbA 1c half-life calculated from kHbA 1c,out was approximately 3.35 (2.79,
4.04) weeks. Therefore, maximal changes in HbAlc 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 HbAlc, as estimated on the parameter kHbA 1c,out,
were generally non-significant (i.e., 95% Cls 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 kHbAlc,out of 57.4% (38.3,
81.3).

Interindividual variability for kHbAlc,out and HbAlc residual variability
estimates (CV%) were 15.2% and 5.73%, respectively.

Overall, the FPG and corresponding HbAlc responses were dependent on drug
exposure and the baseline FPG. For example, the predicted maximal decreases
(steady-state) in FPG and HbAlc 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 HbAlc of 8.0%. In addition, targets of 80% and 90% of the maximal
response after 24 weeks of treatment for FPG and HbAlc were obtained by
empagliflozin doses of approximately 10 and 25 mg, respectively, based on the
AUCS0 estimate. Therefore, although both doses were expected to provide near
maximal responses, the 25 mg once daily dose of empagliflozin may provide
additional HbAlc lowering. For example, the median HbAlc was predicted to
decrease by -0.62% (10 mg) and -0.71% (25 mg) after 24 weeks of empagliflozin
treatment for a baseline HbAlc 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

description estimate unit RSE (%) median (95% CI) parameter
CL (liter per hour) 10.6 L-hr! 224 10.6(10.1,11.1) CL
CL~(AGE/50)% -0.241 23.0 -0.234 (-0.347, -0.128) 6;
CL~(BMI/25)% 0.320 18.2 0.322 (0.207, 0.440) B
cL~gfme* 0.886 2.04 0.886 (0.845, 0.919) B,
€L~ grr—smoker 1.02 1.81 1.02 (0.982, 1.05) 61
CL~ geurrent—smoker 1.06 2.10 1.06 (1.02, 1.10) bha
€L~(eGFR/100)013 0.333 7.16 0.334 (0.282, 0.383) s
CL~ ggpianrace 0.880 225 0.881 (0.843, 0.924) B
CL~(TPRO/70)14 -0.219 32.8 -0.217 (-0.364, -0.0745) 614
CL~(ALT/20)P15 0.0200 8.1 0.0204 (-0.0157, 0.0535) 015
CL~(AST/20)%6 -0.0421 51.0 -0.0435 (-0.0860, 0.00296) fhe
CL~(AP/T0)017 -0.0488 44.9 -0.0493 (-0.0916, -0.00796) b1z
CL~(LDH/160)%1® 0.0110 199 0.00852 (-0.0388, 0.0496) bhs
Ve (liter) 3.14 L 135 3.11 (0.00128, 4.03) Vi
Ve ~(AGE/50)fe 0.795 512 0.804 (-0.00742, 1.85) s
Ve~ glemete 1.25 12.1 1.22 (0.971, 1.81) B0
Ve ~(TPRO/T0)f22 2.07 35.1 2.10 (0.0972, 3.65) B
Ve~ (BMI/20)%5 1.04 313 1.11 (0.300, 2.29) Bas
Ve~ gasian 127 15.3 1.29 (0.930, 1480) Bas
Q (liter per hour) 6.34 L-hr! 422 6.31 (5.72, 6.91) Q
Vp diter) 70.6 L 4,59 70.0 (64.4, 76.5) Y
Vp ~(AGE/50)%4 0.135 93.0 0.154 (-0.120, 0.381) B4
Vp~ gfemate 0.831 4.70 0.832 (0.751, 0.909) s
Vp ~(TPRO/70)6z -0.196 95.8 -0.177 (-0.608, 0.179) B
Vp ~(BMI/25)%s 0,672 19.6 0.690 (0.423, 0.937) Bas
Vp ~ gasianrace 0.959 5.04 0.963 (0.865, 1.07) Bhs
Ka (hour!) 0.196 hrt 268 0.196 (0.185, 0.208) Ka
Ka ~(AGE/50)P29 0.108 55.8 0.114 (-0.0210, 0.238) a5
Ka~o0fm" 117 238 116 (1.11,1.23) 07
Ka ~ fgsianrace 1.23 221 1.23(1.18, 1.29) Bas
ALAGI (hour) 0.500 hr NA 0.500 (0.500, 0.500) ALAG,
W, 0.142 39.1 (%CV)  5.69 0.140 (0.125, 0.157)
I 0.0744 278(%CV) 153 0.0719 (0.0519, 0.0981)
@, 0.0262 163 (%CV)  22.9 0.0253 (0.0165, 0.0388)
@cLvs 0.0447 p=0.435 21.3 0.0432 (0.0240, 0.0632)
02, Study 2,4,15 0.0281 169 (%CV) 417 0.0279 (0.0258, 0.0303)
o?,,, Study9,10,19,20,23,33,36  0.128 37.0(%CV) 325 0.128 (0.120, 0.135)
g§ .z CWRES It -3 or CWRES gt 3 350e+05  nmol/L 10.1 3.52e+05 (2.85e+05, 4.23-+05)

Point estimates and relative standard errors (RSE) of the estimates from pk/2019.1st; Median and 95% confidence intervals (CI) of the estimates were

obtained from nonparametric bootstrap estimates (N=500)

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

description estimate unit RSE (%) median (95% CI) parameter
Intercept for BFPG (IBFPG, mM): Study 1245.2 12.8 mM 3.90 12.9 (11.9, 13.9) [
IBFPG (mM): Study 1245.4 14.1 mM 4.15 14.1 (13.1, 15.2) 8,
IBFPG (mM): Study 1245.9 and .10 14.7 mM 3.07 14.7 (13.9, 15.7) 03
IBFPG (mM): Study 1245.15 14.8 mM 3.14 14.9 (14.1, 15.8) 4
IBFPG (mM): Study 1245.19, .20, .23, .33, .36 14.2 mM 3.34 14.2 (13.2, 15.2) 05
FPG elimination rate constant (hr—!) 0.0407 hr—1 NA 0.0407 (0.0407, 0.0407) s
BFPG ~ IBFPG - exp(8/observed BFPG)®17 -0.497 7.12 -0.498 (-0.567, -0.428) e
BFPG ~ (AGE/50)%18 -0.100 14.7 -0.1 (-0.129, -0.0713) 1
BFPG ~ (BMI/25)%19 0.0248 74.2 0.0247 (-0.0103, 0.0608) s
BFPG ~ (eGFR/100)%20 -0.0364 26.5 -0.0352 (-0.0544, -0.0167) 84
BFPG ~ Géif’““ 0.996 0.510 0.996 (0.987, 1) 021
BFPG ~ 05k 0.977 2.07 0.979 (0.941, 1.02) O22
BFPG s g357n 0.048 0.77 0.948 (0.033, 0.061) B2z
BFPG ~ (DUR/2)%24 0.0512 14.7 0.0513 (0.038, 0.066) 024
BFPG ~ 0} FT 0.095 0.669 0.095 (0.083, 1.01) .
BFPG ~ obp" 1.01 0.687 1.01 (0.998, 1.03) Oag
BFPG r o?ﬁ‘ o 0.009 0.701 0.999 (0.984, 1.01) e
FPG maximum effect (GMAX, %) 0.217 % 5.52 0.218 (0.197, 0.242) o;
GMAX ~ (baseline FPG/8)% 1.76 6.37 1.77 (1.54, 1.96) O
GMAX ~ (AGE [50)27 -0.401 25.5 -0.308 (-0.507, -0.205) Bar
GMAX ~ (BMI/25)%28 -0.288 426 -0.280 (-0.537, -0.0553) fas
GMAX ~ (eGFR/100)%29 0.512 14.6 0.515 (0.393, 0.648) [
GMAX ~ gfomale 0.800 3.51 0.887 (0.828, 0.047) fan
GMAX ~ aéfﬂf* 0.979 13.7 0.959 (0.703, 1.23) B3,
GMAX ~ 055" 1.07 4.66 1.07 (0.964, 1.16) O3z
GMAX ~ (DURJ2)%33 0.0117 524 0.0142 (-0.11, 0.118) Oz
GMAX ~ GQ{FT 0.931 4.39 0.031 (0.848, 1.01) O34
GMAX ~ 0;5,‘_ 1.27 4.58 1.27 (1.16, 1.39) O35
GMAX ~ 0519 1.02 4.39 1.02 (0.911, 1.13) [
FPG AUCS50 (GC50, nmol*h/L) 703 nmol - h/L 142 704 (528, 888) fa
wfj,,.,,c 0.0165 12.9 (%CV) T7.41 0.0163 (0.0138, 0.0187)
WaMAX 0.237 517 (%CV) 711 0.233 (0.202, 0.267)
Trop 0.0236 15.5 (%CV)  2.40 0.0237 (0.0226, 0.0248)

description estimate unit RSE (%) median (95% CI) parameter

HbAlc mput rate (KHIN) = 0, - KHOT 0.466 1.20 0.466 (0.452, 0.482) 1o
physiologic limit HbAle (HLIM): 1245.9 and .10 3.57 % 1.32 3.57 (3.43, 3.72) B2
physiologic limit HbAle (HLIM): 1245.10, .20, 23, .33 and .36  3.99 % 1.12 3.08 (3.86, 4.10) 014
HbAlc elimination rate constant (KHOT, 1072 hr~ ') 1.59 1073 hr~! 21.2 1.59 (1.17, 2.03) 05
KHOT ~ (AGE /50)%45 -0.241 03.7 -0.273 (-0.790, 0.247) 13
KHOT ~ (BMI/25)%6 0.328 134 0.324 (-0.230, 0.986) fag
KHOT ~ (eGFR/100)%7 -0.119 279 -0.135 (-0.693, 0.313) [
KHOT ~ afsme'e 0.858 0.73 0.850 (0.704, 1.01) fas
KHOT -~ g2zian 1.05 21.7 1.05 (0.847, 1.43) 50
KHOT ~ (DUR/2)%51 -0.577 25.9 -0.590 (-0.890, -0.330) 5,
KHOT ~ o)1= 1.48 12.0 1.51 (1.21, 1.94) 052
whknor 0.0242 15.7 (%CV)  3.83 0.0242 (0.0221, 0.0263)
T2 HbALe 0.00321 567 (%CV) 1.95 0.00320 (0.00305, 0.00342)

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), 2.5+ and
97.5m (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

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

e 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/ 1.73m%,
respectively, compared to a reference patient with an eGFR of 100
mL/min/1.73m’. 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 HbAIc 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.

e 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/1.73m’. The exposure-response modeling
estimated that targets of 80% and 90% of the maximal response after 24 weeks of
treatment for FPG and HbAlc were obtained by oral empagliflozin once daily
doses of approximately 10 and 25 mg.

e Overall, targets of 80% and 90% of the maximal response after 24 weeks of
treatment for FPG and HbAlc were obtained by empagliflozin doses of
approximately 10 and 25 mg, respectively, based on the AUCS50 estimate.
Therefore, although both doses were expected to provide near maximal responses,
the 25 mg once daily dose of empagliflozin may provide additional HbAlc
lowering.

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

o 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.

o 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.

e 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/I. 73m?), 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:

e Sponsor’s population PKPD analysis appears reasonable. Overall, the model
explained the fasting plasma glucose and HbAIc 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 HbAIC 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

Dataset Description Location
tran Development dataset of the combined population pharmacokinetic analysis described in U12-2525 (tran.csv) tran.xpt
tranaeal | Final dataset of the exposure-response analysis for tolerability endpoints: urinary tract infection, genital infection, tranaeal.xp

confirmed hypoglycemia described in U12-2525 (tranAEall.csv)

tranegfr | Final dataset of the combined population pharmacokinetic/pharmacodynamic analysis for eGFR change from baseline|| | tranegfr.xp
described in U12-2525 (tranALLegft.csv)

tranalpd | Final dataset of the combined population pharmacokinetic/pharmacodynamic analysis for FPG and HbAlc described tranalpd.xp
in U12-2525 (tranALLPD.csv)

tranpk Final dataset of the combined population pharmacokinetic analysis described in U12-2525 (tranALLpk.csv) tranpk.xpt

tranpd Development dataset of the combined population pharmacokinetic/pharmacodynamic analysis for FPG and HbAlc tranpd.xpt
described in U12-2525 (tranPD.csv)

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 HbAlc 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). HbAlc (%) 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 HbAlc as
a linear covariate. HbAlc (%) 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 HbAlc as a
linear covariate.
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Figure 23: Time-profiles for adjusted mean (+SE) change from baseline in HbAlc 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]
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B: Monotherapy trial 1245.20 FAS-OC [Source: Sponsor’s Figure 15.2.1.2.2: 1 in
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15.2.1.2.2: 7 in Report U12-12-1517-01 Page 323]

C: Add-on to PiotMet trial 1245.19 FAS-LOCF [Source: Sponsor’s Figure

0.00 FR_
1N T

-0.057 \

-0.107 ¥

Adjusted mean (SE)
s o
B oo B
S ;
L 1
~
-
-
&
/

-0.801n

1
1
1

th data at visit

o

RN

6
6
6

couon
[ESTET—

6
6
6

oo
EITEEN

6
6
6

oot

165
165
168

—— —— —
Baseline Week 6 Week 12

Planned study week

D: Add-on to PiotMet trial 1245.19 FAS-OC [Source:

Week 18

——
Week 24

Sponsor’s Figure

15.2.1.2.2: 1 in Report U12-12-1516-02 Page 311]

0.00 PR _

Adjusted mean(SE]
-

n with data at visit

140

155

O

W
16
1¢
16

e
bt s
L
e

Week 12
Planned study week

——
Baseline

Week 18

NDA 204629 OCP Review Final / Pharmacometric Review of Empagliflozin

Reference ID: 3403875

148



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]
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FAS(LOCEF) in Report U12-1518-01 Page 2265]

G: Trial 1245.23 Add on to Metformin+SU part [Source: Sponsor’s Figure 15.2.1.2.2: § -
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Figure 24: Time-profiles for adjusted mean (+SE) change from baseline in HbAlc 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]
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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]
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Figure 25: Observed and model simulated (indicated by down arrows) change from
baseline in HbAlc for dedicated efficacy/safety trial in patients with Renal
Impairment (RI) (1245.36)

Observed (Mean, 95%Cl) and Model Predicted (Median, 95%Cl) Change in HbA1c by Treatment at Week 24 in Renal impairment (1245.36)
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Renal Function Subgroup
PRED* - Based on 1000 Simulated Studies Using Population PKPD Model

[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 HbAlc Change from Baseline vs. AUC
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[Source: Figure 106 on Page 208 of Population PKPD report U12-2525-01]

NDA 204629 OCP Review Final / Pharmacometric Review of Empagliflozin

Reference ID: 3403875

154




4.3 OCP Filing Memo

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information about the Submission

Information

Information

NDA Number 204629 Brand Name JARDIANCE™ (Proposed)
OCP Division (I, I, ITI, | DCPII Generic Name Empagliflozin

v, V)

Medical Division DMEP Drug Class SGLT-2 inhibitor

OCP Reviewer Manoj Khurana, Ph.D. Indication(s) An adjunct to diet and exercise to

improve glycemic control in adults
with type 2 diabetes mellitus.

OCP Pharmacometrics
Reviewer

Manoj Khurana, Ph.D.

Dosage Form

Film-coated Immediate-release
Tablets; 10 mg and 25 mg

Classification

OCP Team Leader Lokesh Jain, Ph.D. Dosing Once daily
Regimen
Date of Submission March 5, 2012 Route of Oral
Administration
Estimated Due Date of | November 05, 2013 Sponsor Boehringer Ingelheim
OCP Review Pharmaceuticals, Inc.
PDUFA Due Date March 5, 2014 Priority Standard

Division Due Date

Clin, Pharm. and Biopharm, Information
“X7if Number of Number of Critical Comments If any
included at | studies studies
filing submitted reviewed
STUDY TYPE
Table of Contents present X
and sufficient to locate
reports, tables, data, etc.
Tabular Listing of All X
Human Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I. Clinical Pharmacology
Mass balance: X 1245.08
Isozyme characterization: X studies including human liver
micorsomes; hepatocytes,
transporters
Blood/plasma ratio: X DM-06-1083
Plasma protein binding: X DM-07-1001
Pharmacokinetics (e.g.,
Phase ) -
Healthy Volunteers-
single dose: X 1245.01
multiple dose: X
Patients-
single dose:
multiple dose: X 1245.02
Dose proportionality -
fasting / non-fasting single X 1245.79
dose:
fasting / non-fasting multiple
dose:

Reference ID: 3403875
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Drug-drug interaction
studies -

In-vivo effects on primary 15 1245-n, n=6, 7, 17, 18, 27, 30, 40,
drug: 41, 42, 43, 45, 50, 58, 63, 83
In-vivo effects of primary drug: -do-
In-vitro: 8 Enzyme/transporter interactions
Subpopulation studies -
ethnicity: 2 1245.05 (JPN), 1245.44 (CHN)
gender:
pediatrics:
geriatrics:
renal impairment: 1 1245.12
hepatic impairment: 1 1245.13
PD:
Phase 2:
Phase 3:
PK/PD:
Phase 1 andfor 2, proof of 3 1245.16 (TQT)
concept: 1245.04 (MD T2DM), 1245.15
(MD, T2DM, JPN)
Phase 3 clinical trial: See pop-pkpd analysis section
Population Analyses -
Data rich: 1 U12-2524 (Used data from
1245.2, 1245.4, 1245.15, and
1245.12)
Data sparse: 1 U12-2525 (Used data from Phase
1 trials: 1245.2, 1245.4, 1245.9,
1245.10, 1245.15, Phase 2b trial
1245.33, and Phase 3 trials
1245.19, 1245.20, 1245.23,
and 1245.36 for Pop-PKPD E/R
Analysis
Il. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability -
solution as reference:
alternate formulation as 1 1245.51 (TBM vs. TF2)
reference:
Bioequivalence studies -
traditional design; single /
multi dose:
replicate design; single / multi
dose:
Food-drug interaction 2 1245.79 (with TBM formulation);

studies:

1245.03 (With TF1)

Dissolution:

(IVIVC):

Bio-wavier request based
on BCS

BCS class

lll. Other CPB Studies

Genotype/phenotype
studies:

Chronopharmacokinetics

Reference ID: 3403875
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Pediatric development X Waiver: )@
plan Deferral
PKPD Study 1245.87 plan 5, 10,
25mg
Phase 3 Study 1245.56 plan: 5,
10 or 25 mg based on PK study

results
Literature References
Total Number of Studies 76
Filability
“X”" if yes Comments
Is Application filable? X Comments to the Sponsor: Please submit raw electronic data sets

for the DDI Study #1245.83 titled “A randomised, open-label, three-
way crossover trial to investigate the effect of rifampicin and
probenecid on empagliflozin pharmacokinetics in healthy male and
female subjects”.

Submission in Brief: Reviewer’s Comments: The preNDA meeting minutes included the following
See the details below. | discussion points, indicating that company should submit this data within 30
days:

“Major components of the application are expected to be submitted with the
original application and are not subject to agreement for late submission. We
agreed that the following minor application components may be submitted within
30 calendar days after the submission of the original application:

Clinical Pharmacology assessment of in vivo chiral conversion of
empagliflozin in human clinical samples.”

Sponsor included one study report with the NDA submission (Document No.:
U13-3020-01 Report No.: DM-12-1184) that documeants tha _awvaluation of (;,'fa)
chiral conversion of empagliflozin by quantitating

Din pooled human plasma samples obtained from
a Clinical Study.

Submission in Brief:

The sponsor, Boehringer Ingelheim Pharmaceuticals. Inc. (hereafter BI), has submitted a

2 o s N 4 . .
new drug application (NDA) seeking approval for o )(Empaghﬂozm).
” om
O ‘ 0]
“OH
OH
Figure | Molecular structure of empagliflozin

[D-Glucitol,1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-tetrahydro-3-furanyl]oxy|phenyl|methyl|phenyl]-,
(1S). Molecular formula: C23H27C107, Molecular weight: 450.91 g/mol]

Empagliflozin is an inhibitor of sodium-glucose co-transporter 2 (SGLT2) with a claimed
IC50 of 1.3 nM. It has a 5000-fold selectivity over human SGLTI (IC50 of 6278 nM),

Page 3 of 13
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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 1s 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.
Trial characteristics Trial number Reference  Geographical regions Duration
analysed
Pivotal double-blind 1245.19 [U12-1516] Europe, Asia, North America 24 weeks
phase III trials
124520 [U12-1517] Europe, Asia, North America 24 weeks
1245.23 pmen [U12-1518] Europe, Asia, North America, Latin 24 weeks

America

1245.23 orsst) [Ul2-1518] Europe, Asia, North America, Latin 24 weeks

America
Double-blind phase 11T 124531 [UI2-1521] Europe, Asia, North America, Latin 52 weeks'
extension trials America
Additional phase 124528 [U12-1520] Europe, Asia, North America, Latin 52 weeks’
IIb/III double-blind America, Africa/Middle East
individual trials
1245.33° [U12-3817] Europe, Asia, North America, 78 weeks
124548 [U12-1526] Europe, North America, Africa/Middle 12 weeks
East
124536 [U12-1522] Europe, Asia, North America, 52 weeks
Africa/Middle East
124525 No clinical ~Europe, Asia, North America, Latin 12 weeks’
trial report  America, Africa/Middle East
available
Open label phase IIb 124524 [UI2-1213] Europe, Asia, North America, Latin 90 weeks’
extension trial America

" Including the 24-week treatment duration in the preceding trials; 32-week efficacy data from a prespecified interim

analysis are included in this submission. The overall planned duration (initial trials + extensions) is 76 weeks
© Minimum duration at time of interim analysis: overall planned duration is 208 weeks
Trial 1245.33 was conducted in patients with basal insulin as background therapy. This trial was originally designated as
a phase IIb trial. Since it had confirmatory testing introduced via a protocol amendment, it 1s considered to be equivalent
to a confirmatory phase IIT trial for the assessment of the efficacy and safety of empagliflozin
Minimum duration at time of interim analysis; overall anticipated duration is between 6 and 8 years
Data from a combined analysis with the preceding double-blind preceding trials 1245.9 and 1245.10 are presented
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Formulation Development:

There were changes in the formulation during the drug development. However, the final
formulation was used in the pivotal Phase 3 trials.

Table 1 Overview of formulations and manufacturing processes applied to clinical
trial batches

Formulation type General manufacturing princi Clinical studies ~

ablets (TF I) Phase I: 1245.1,2.3,4

Phase I: 1245.5,6,7, 12,13,
17,27, 30, 51

Phase 11: 1245.9, 10, 15, 24,
33

Phase I: 1245.16, 18, 40, 41,
43,44, 45, 50, 51, 53, 58, 63,
79, 83

Phase II: 124538

Phase I1I: 1245.19, 20, 23.
25,28,31.36,48

Film-coated tablets (FF)

" numbers in bold indicate pivotal clinical studies

Trial formulation II and Final Formulation FF, intended for commercial supply, were
compared in a relative bioavailability study (1245.51, U11-1756).

The composition of the formulations is mentioned below:

Table 2 Qualitative and quantitative composition of empagliflozin film-coated
tablets: 10 mg and 25 mg

[mg / tablet] | [mg/ tablet| Reference to

Ingredient 10 mg 25 mg Function Standards

Empagliflozin 10.000 25.000

Lactose monohydrate
Microcrystalline
cellulose
Hydroxypropylcellulose
Croscarmellose sodium
Colloidal silicon dioxide
Magnesium stearate

Drug Company
standard

Total mass of
film-coated tablet
*) Removed during processing; does not appear in the final drug product

iflogin,drug substance is | 09
he particle size for empagliflozin drug substance

Page Sof 13
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1s tightly controlled to

(b) (4)

Key Clinical Pharmacology Review Questions:

.

What is the dose-response, systemic exposure-response relationship for
Empagliflozin for efficacy?
o Does exposure-response information support the adequacy of the
proposed dose of 25 mg QD?
o Is there an impact of renal impairment on the efficacy of
Empagliflozin?
What is the s dose-response, systemic exposure-response relationship for
Empagliflozin for safety?
o Does exposure-safety information support the proposed dose of 25 mg
QD?
What is the concentration-QT relationship for Empagliflozin concerning
safety? (IRT-QT Consult)
What is the effect of food on pharmacokinetics of Empagliflozin?
o Do the results support sponsor’s proposed language in the label that
“Empagliflozin can be taken with or without food”?
o Are analytical methods adequate?
What is the effect of Empagliflozin on other co-administered drugs and vice-
versa?
o Does the DDI result warrant for any dose adjustments for
Empagliflozin and the co-administered drugs?
o Are analytical methods adequate?
Are sponsor’s assessments for specific populations appropriate and do they
adequately support the proposed labeling language?
What is the relative bioavailability of to-be-marketed formulation in
comparison to the formulations used in the development phase?
o Are analytical methods adequate?

The key aspects of the filing and questions for clinical pharmacology review are
presented in the slides below:

Reference ID: 3403875
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Attachment 1: Clinical Pharmacology Filing Meeting Presentation
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FDA R mmenanonromn

wtingor

Empagliflozin Exposure-Response for Safety Empagliflozin TQT Study (1245.16) Results

YA U Fomsendona Admaismten
DA R orararserm

+ Sponsor: Adjusted means and confidence intervals for the mean QTeN changes
— Neither HYPO nor UTI rates changed significantly with changes in from baseline within the time interval 1 h to 4 h after administration
empaglifiozin AUCss of BI 10773 and placebo — full analysis set
* Hypoglycemia: odds ratio for 3500 nmol*hr/L increase in Noof  Noof Adjusted mean Difference to placeho
AUGes:0888,95% O [0.059, 1.13] v I VG
+ UTI: 1.06 [0.935, 1.20]. ’ ) Gower upper)
— GBV (genital infection rate): decreased with increasing Placebo 29 57 3.68 (1.00)
empagliflozin AUCss (odds ratio for 3500 nmol*hr/L increase in 25 mg BI10773 2% 28 427(110) 059 (0.76) 069,187
AUCss: 0.744, 95% CI: [0.574, 0.965]
Plucebo 2 57 367 0.86)
200 mg BI 10773 30 30 344(0.99) 2069 -139.094
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Attac

hment 2: GRMP Filing Memo

CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

NDA/BLA Number: 204629  Applicant: Boehringer Ingelheim Stamp Date: 03/05/2013

Pharmaceuticals, Inc.

Drug Name: Empagliflozin NDA/BLA Type: (505(b)(1))

On initial overview of the NDA/BLA application for RTF:

Content Parameter

| Yes [ No | N/A |

Comment

Criteria for Refusal to File (RTF)

1

Has the applicant submitted bioequivalence data
comparing to-be-marketed product(s) and those used in
the pivotal clinical trials?

X

TBM
formulation was
used in Phase 3

2

Has the applicant provided metabolism and drug-drug
interaction information?

Has the sponsor submitted bioavailability data satisfying
the CFR requirements?

Did the sponsor submit data to allow the evaluation of the
validity of the analytical assay?

Has a rationale for dose selection been submitted?

Is the clinical pharmacology and biopharmaceutics
section of the NDA organized, indexed and paginated in a
manner to allow substantive review to begin?

ettt B Bt B

Is the clinical pharmacology and biopharmaceutics
section of the NDA legible so that a substantive review
can begin?

>

Is the electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks work?

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9

Arc the data scts, as requested during pre-submission
discussions, submitted in the appropriate format (c.g.,
CDISC)?

X

If applicable, are the pharmacogenomic data sets
submitted in the appropriate format?

Studies and Analyses

Is the appropriate pharmacokinetic information
submitted?

Has the applicant made an appropriate attempt to
determine reasonable dosc individualization strategics for
this product (i.e., appropriately designed and analyzed
dosc-ranging or pivotal studies)?

Are the appropriate exposure-response (for desired and
undesired effects) analyses conducted and submitted as
described in the Exposure-Response guidance?

14

Is there an adequate attempt by the applicant to use
exposure-response relationships in order to assess the
need for dose adjustments for intrinsic/extrinsic factors
that might affect the pharmacokinetic or
pharmacodynamics?
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

15 | Are the pediatric exclusivity studies adequately designed X
to demonstrate effectiveness, if the drug is indeed
effective?

16 | Did the applicant submit all the pediatric exclusivity data, X
as described in the WR?
17 | Is there adequate information on the pharmacokinetics X
and exposure-response in the clinical pharmacology
section of the label?

General

18 | Are the clinical pharmacology and biopharmaceutics X
studies of appropriate design and breadth of investigation
to meet basic requirements for approvability of this
product?

19 | Was the translation (of study reports or other study X
information) from another language needed and provided
in this submission?

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION
FILEABLE?

YES
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and
provide comments to be sent to the Applicant.
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-

day letter.

Manoj Khurana 05/03/2013
Reviewing Pharmacologist Date
Lokesh Jain 05/03/2013
Team Leader/Supervisor Date

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Checklist for a New
NDA BLA 110307
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

MANOJ KHURANA
11/08/2013

NITIN MEHROTRA
11/08/2013

LOKESH JAIN
11/08/2013
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Office of New Drug Quality Assessment
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Apoplicant: Boehringer Ingelheim Acting Team Leader:
pplicant: Pharmaceuticals, Inc. Sandra Suarez, Ph.D.
Trade Name: Jardiance Acting Supervisor:
Richard T. Lostritto, Ph.D.
Generic Name: Empagliflozin (BI 10733) Date March 5, 2013

Assigned:

Indication:

An adjunct to diet and
exercise to improve glycemic | Date of
control in adults with type 2 | Review:
diabetes mellitus

October 25, 2013

Formulation/strength | Film-coated immediate-

release tablets/10 mg and 25
mg

Route of
Administration

Oral
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I) SUMMARY OF BIOPHARMACEUTICS FINDINGS

Original NDA 204-629 for Empagliflozin (BI 10773) was submitted in accordance with
the regulations set forth in section 505 (b) (1) of the FDC Act.

Empagliflozin (BI 10773) is a NME being reviewed under the Program. It is claimed to be a
selective inhibitor of the sodium glucose co-transporter 2 (SGLT-2). The proposed indication is
to be used as an adjunct to diet and exercise to improve glycemic control in adult with type 2
diabetes mellitus e

The proposed drug product is a film-coated tablet formulation comprised of the drug
substance  (Empagliflozin), lactose monohydrate, microcrystalline cellulose,
hydroxypropyl cellulose, croscarmellose sodium, colloidal silicon dioxide, magnesium
stearate, and the film coat o)

Although the drug product has two dosage strengths (10 mg and 25 mg), the dosage
strength of 25 mg is the only strength being proposed for marketing. The recommended
dose administration 1s 25mg once daily, with or without food.

The proposed commercial process and formulation is the same as used for manufacture of the
phase 3 clinical trials supplies.

The Applicant has QbD elements in the application, but a design space is not proposed, and
alternative control strategies are not sought.

Empagliflozin film-coated tablets are manufactured W1

This review 1s focused on the evaluation of the acceptability of the dissolution test
method and acceptance criterion.

The Applicant proposed the following dissolution method conditions and acceptance

criterion:
Apparatus: Paddle (Apparatus 2, Ph. Eur., USP, JP)
Agitation: 75 rpm
Medium: 900 mL phosphate buffer pH 6.8
Temperature: 37°C
Sampling time: ®“minutes
Analytical procedure: isocratic HPLC, detection at 224 nm
Proposed regulatory
L ©) @) ®@
Acceptance criterion: "Q=""%at  minutes"
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FDA considered the Applicant’s proposed acceptance criterion (Q= @% in | (g minutes)
wide based on results obtained on representative batches, including batches used in Phase
III clinical studies and primary stability studies. Therefore, FDA requested the Applicant

®® the acceptance criterion to Q = {§% in 15 minutes. FDA’s request was
communicated in an IR on September 16, 2013 as follow:

The proposed acceptance criterion of Q = @ % at (&) minutes is not supported by data.

We recommend that you revise and implement the acceptance criterion of Q = ® % at

15 minutes and provide an updated specifications table for the drug product.

The Applicant responded on October 1, 2013 and agreed @@ the acceptance
criterion for dissolution from Q = 8;% at % minutes to Q = @% at 15 minutes for both
release and shelf-life. Also, the Applicant updated the finished product specifications
table in all the relevant sections of the NDA.

IT) RECOMMENDATION

The ONDQA-Biopharmaceutics team reviewed NDA 204-629 for Jardiance (Empagliflozin)
film-coated tablets, 25 mg.

The following dissolution method parameters and acceptance criterion are acceptable:
-paddle apparatus, 75 rpm, 900 mL, 0.05 M phosphate buffer pH 6.8
-Q=' % at 15 minutes

From the Biopharmaceutics perspective, NDA 204-629 for Jardiance (Empagliflozin) film-coated
tablets, 25 mg is recommended for approval.

Houda Mahayni, Ph. D. Sandra Suarez, Ph.D.
Biopharmaceutics Reviewer Acting Biopharmaceutics Team Leader
Office of New Drug Quality Assessment Office of New Drug Quality Assessment

cc: DARRTS/Lostritto
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I1IT1) 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 C,3H,7ClO; and the molecular weight is 450.91 g/mol. The
structural formula is shown below.

Cl

HO

HO Y " OH

OH

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

Medium Solubility [mg/mL] pH of the sat. sol.
Water 0.28 8.6
0.1 N HCI 0.30 1.1
Mcllvaine buffer pH 4.0 0.21 4.1
Mcllvaine buffer pH 7.4 0.14 7.5

Source data: Section 3.2.S.3.1 Physicochemical characteristics [U12-1202]

At 37 °C, Empagliflozin solubility in water increased to 0.47 mg/ml (See Table 2).
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Table 2: Solubility data of Empagliflozin in aqueous media at 37 °C

Medium Sample Solubility Degradatﬂi on pH-value (23°C)
mg/mL (Sum)
Single value average % start end
H,O 1 0.469 <0.1 6.1°
2 0.473 0.471 <0.1 7.2° 64"
3 0.471 <0.1 6.3°
TpHLO T I oasy T <01 T
0.IM HCL 2 0.459 0.460 <0.1 1.2 1.2
3 0.461 <0.1 1.2
pH3O0 T 0462 <01 30
Mcllvaine buffer 2 0.465 0.464 <0.1 3.1 3.0
3 0.465 <0.1 3.0
TpH4s5 T 1 0478 T <01 T 45
0.1 M Sodium- 2 0.473 0.475 <0.1 45 45
Acetate buffer 3 0.475 <01 45
pH6s T 1 o390 T <ol T 68
0.1 M Potassium- 2 0.398 0.395 <0.1 6.8 6.8
Phosphate buffer 3 0.396 <0.1 6.8
pH7S T I o3ss T <01 T 75
0.1 M Potassium- 2 0.389 0.386 <0.1 7.5 7.5
Phosphate buffer 3 0.384 <0.1 75

*relative to the average value of dissolved substance
" not buffered
Source data: Section 3.2.S.3.1 Physicochemical characteristics [U12-1202]

The octanol/water partition coefficient log P is 1.7.

The Applicant stated that Empagliflozin drug substance e
The particle size distribution was determined

by a laser diffraction method. The 90 percentile (X90) of the cumulative particle size

distribution is set to an acceptance criterion of X90 @ pm.

Drug Product

The proposed drug product is a film-coated tablet formulation comprised of the drug
substance (Empagliflozin), lactose monohydrate, microcrystalline cellulose,
hydroxypropyl cellulose, croscarmellose sodium, colloidal silicon dioxide, magnesium
stearate, and the film coat ®® "~ Although the drug product has two dosage
strengths (10 mg and 25 mg), the dosage strength of 25 mg is the only strength being
proposed for marketing. The recommended dose administration is 25mg once daily, with
or without food.

Empagliflozin film-coated tablets are manufactured o8
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(b) (4)

The two strengths (10 mg and 25 mg) are formulated )

Empagliflozin film-coated tablets, 10 mg are pale yellow, round, biconvex and bevel-
edged film-coated tablets. One side is debossed with the code ‘S10°, the other side is
debossed with the company symbol.

Empagliflozin film-coated tablets, 25 mg are pale yellow, oval, biconvex film-coated
tablets. One side 1s debossed with the code ‘S25°, the other side i1s debossed with the

company symbol.
The proposed market package presentations is plastic bottles containing 30, 90, o
tablets and aluminum ®®blisters containing 10 tablets. The proposed package
i ~ i - _ - ©VA) 1 1: o ®) @)
presentations for physician samples are aluminum blister ,
() ()

containing 7 tablets.

2. Is there any information on BCS classification? What claim did the
Applicant make based on BCS classification? What data are available to
support this claim?

A BCS Class III (high solubility/low permeability) 1s claimed for Empagliflozin.

The Applicant reported that based on the pH solubility shown in Table 2 above,
Empagliflozin can be classified as a highly soluble compound according to BCS for a
dosage of up to 96.5 mg. Therefore, the highest dose (25 mg) is soluble in < 250 mL of
aqueous media over the pH range of 1-7.5 (> 0.4 mg/mL up to pH 7.5) and can be
classified as a highly soluble compound.

The Applicant conducted in vitro permeability studies using Caco-2 monolayers. The
Applicant stated that permeability results showed low absorptive permeability (<1x10°
cm/sec) and high secretory permeability (~18 x 10°® cm/sec) at donor compartment
concentrations of 1, 10, and 50 pm. Hence, the ratio of secretory to absorptive transport,
or efflux ratio, for Empagliflozin is high (>20). Additional mechanistic studies
conducted using MDCK-MDRI1 and Caco-2 cell monolayers demonstrated that
Empagliflozin is a substrate for efflux transporters, i.e. P-glycoprotein (P-gp) and breast
cancer resistant protein (BCRP), which are expressed in these cell lines. Therefore, based
on in vitro permeability data, the Applicant classified Empagliflozin as a low
permeability drug substance [U08-3676]. Also, the Applicant determined the
lipophilicity of Empagliflozin drug substance by measuring the octanol/water partition
coefficient (Log P =1.7).

The Applicant stated that for this type of drug substance, the drug absorption
(permeability) is rate limiting and not the dissolution of the drug product.
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Reviewer’s Note: Safisfactory.
Based on the solubility data of Empagliflozin, it can be concluded that Empagliflozin is a
BCS class III substance. The permeability studies will be reviewed by OCP, as this NDA
was submitted (March, 2013) before the implementation of the September 2013 MOU.

B) DISSOLUTION INFORMATION
B.1. DISSOLUTION METHOD
3. What is the proposed dissolution method?
The Applicant proposed the following dissolution method conditions and acceptance

criterion:
Apparatus: Paddle (Apparatus 2, Ph. Eur., USP, JP)
Agitation: 75 rpm
Medium: 900 mL phosphate buffer pH 6.8
Temperature: 37°C
Sampling time: @minutes
Analytical procedure: isocratic HPLC, detection at 224 nm
Proposed regulatory
Acceptance criterion: "Q= P4 at “ minutes"

4. What data are provided to support the adequacy of the proposed
dissolution method (e.g medium, apparatus selection, etc.)?
Apparatus Selection
The Applicant selected the paddle apparatus (Apparatus 2), as it is commonly used for
dissolution testing of tablet formulations.

Rotation Speed Selection

The Applicant employed a rotation speed of 75 rpm od

(b) (4)

the agitation
speed of 75 rpm is justified.

8 Page(s) have been Withheld in Full as b4
(CCI/tS) immediately following this page

10
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6. What information is available to support the robustness (e.g. linearity,
accuracy, etc.) of the dissolution methodology?
Dissolution testing of Empagliflozin film-coated tablets is performed using the paddle
apparatus at 75 rpm in 900 ml phosphate buffer pH 6.8. The quantification of
Empagliflozin was performed by HPLC-UV a ﬁ nm.

The analytical method was validated with respect to specificity, linearity, accuracy,
repeatability, intermediate precision, and robustness. The results show that the analytical
method is suitable. Table 3 below provides a summary of the results of the validation
parameters. Also, the Applicant assessed the stability of the sample and standard
solutions and found that both solutions (sample and standard) are stable for 4 days.
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Table 3: Validation summary for dissolution of Empagliflozin film-coated tablets,

25 mg

Validation
Parameter

Method of Determination

Acceptance criteria / Results

Specificity

Visual evaluation of
chromatograms of standard
solution, solvent, and placebo

Acceptance criterion: Specific determination of active
ingredient in presence of blank and placsbo.

Demonstrated non interference from blank and placebo
at (4)1]111.

Linearity

7 concentration levels of
empagliflozin

Acceptance criterion: The correlation coefficient should
be ®@ ¢ Y-intercept should be within ®@ o,
of the 100 % value.

O @, correlation coefficient:

Linear range:
Y-intercept: ?3 %

(b) (4)

Accuracy

Mean accuracy (%) at about

Acceptance criterion: The mean recovery for the ©@,,
concentration levels should be between ® “2 3141d
®@o, of the theoretical value and for the & @,

conceniration levels between O @ o, of the
theoretical value.
20 % (1=3) o,
75 % (n=3) %
130 % (n=3) %

Repeatability

Overall RSD (%). spiked placebo
at 3 different concentration levels

Acceptance criterion: The overall RSD should be
®)@) o,

®),

Overall RSD: @0

Intermediate
precision

Overall RSD (%) spiked placebo
at 3 different concentration
levels, including 2 operators,

2 dissolution apparatuses. 2
HPLC systems, analyses on
different days

Acceptance criterion: Th(f) overall RSD should be
%

Overall RSD: ?3 %

Range

Derived from linearity. accuracy
and precision

(b) (4)
9

0
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Validation L -
Method of Determination Acceptance criteria / Results
Parameter
Acceptance criterion: For test and standard soluhm;? the
. value determined after storage should be within %
Stablllty. of sample al_ld standard of the initial value.
preparation: Change in assay ) )
upon storage Test solution stable for 4 days at room temperature in
glass vial: standard solution stable for 4 days at room
temperature in glass flask and glass vial.
Robustness Filter validation: Evaluation of Two different filters (Membrex 25GC, Roby 25/GF 92)
the adsorption of the drug and the amount of initial filtrate. which needs to be
substance onto the filter discarded. are validated.
Interchangeability of manual and | Acceptance criterion: The difference in the mean value
automated measurements: between the dissolution results at | fgminutes should be
) ) . (b) (4),
Comparison of manual and semi 70
e , , ()
automated determination Difference in the mean value: @

Reviewer’s Assessment: Satisfactory

7. Is the proposed dissolution method biorelavant? What data are available
to support this claim?
The Applicant showed that two types of formulations (Trial Formulation: TFII and Final
Formulation:FF) exhibit similar in vitro profiles which reflect the results obtained in vivo
(the relative bioavailability study 1245.51). Therefore, the in vitro dissolution results
reflect the in vivo performance of the formulation. But, there is no information to show
that the method is able to reject batches that are not bioequivalent.

8. Is the proposed method acceptable?  If not, what are the
deficiencies?
The proposed dissolution method is acceptable. The Applicant provided an acceptable
rationale to support selecting the proposed method parameters as optimal for routine
dissolution testing.

B.2. ACCEPTANCE CRITERION

9. Whatis the proposed dissolution acceptance crzterlon for this product?

The Applicant proposed an acceptance criterion of “Q= (% in @ minutes” which

correspond to not less than (4)% (o (4)) of Empagliflozin dissolved in %mmutes.

10. What data are available to support the dissolution acceptance criterion?
The Applicant stated that the acceptance criterion is based on results obtained on
representative batches, including batches used in Phase IIT clinical studies and primary

stability studies.

A summary of the individual and mean dissolution data after & minutes at release is
presented in Table 4.
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Table 4: Dissolution of Empagliflozin after (yminutes at release (Test conditions:
Paddle 75 rpm, 900 mL buffer pH 6.8); Empagliflozin film-coated tablets, 25 mg

Batch % Dissolved after | g minutes Intended Use of
Number Individual value (1 ) I Mean I RSD Batch
(b) (4)
909472 Clinical studies
909473 Clinical studies
001747 Clinical studies
Clinical and
003530 primary stability
studies

Clinical and

003531 primary stability
studies
003532 Primary stability
R studies
003533 Clinical stdies
007768 Clinical studies
007769 Clinical studies
007770 Clinical studies
103698 Clinical studies
107786 Clinical studies
107787 Clinical studies

* The release data of this batch 9'('3)"4')
of the drug product packaged in blisters. The slightly differing batch number in blisters was allocated

to allow for the differentiation of packaging runs.

so valid for the batch 003530A that was used for 8{&121\_; stability studies

11.1s the setting of the dissolution acceptance criterion based on data from
clinical and registration batches?

Yes, all phase III clinical and primary stability batches of Empagliflozin film-coated
tablets have been tested for dissolution at batch release and were found to be in
compliance with the acceptance criterion of Q= % at @ minutes. In fact, all batches
can meet Q = 4% at 15 minutes. Moreover, stability data remained within the
acceptance criterion at long-term as well as at accelerated storage conditions. Hence,
FDA requested the Applicant to tighten the acceptance criterion to Q = &% at 15
minutes.

12. Are mean " dissolution profile data used for the setting of the

acceptance criterion?

No, the mean ( ®®) is the data used for setting of the acceptance criterion.
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In the Applicant response dated October 1, 2013 to FDA IR dated September 16, 2013,
the Applicant summarized the results of a retrospective dissolution assessment for
clinical and primary stability batches, applying FDA’s recommended acceptance
criterion of Q = .% at 15 minutes. The Applicant stated that the results indicate that
the acceptance criterion of Q = .% at 15 minutes is appropriate to control the drug
release of Empagliflozin film-coated tablets. Table 5 below shows the result for the 25
mg, and similar results were obtained for the 10 mg strength.

Table 5: Dissolution of Empagliflozin after 15 minutes sampling time point (test
conditions: Paddle 75 rpm, 900 mL buffer pH 6.8); Empagliflozin film-coated

tablets, 25 mg:
Batch % Dissolved after 15 minutes
Number Individual value (1=6) Mean RSD Intended Use of Batch
909472 Clinical studies
909473 Clinical studies
001747 Clinical studies
003533 Clinical studies
007768 Clinical studies
007769° Clinical studies
007770 Clinical studies
103698° Clinical studies
107786 Clinical studies
107787 Clinical studies
003530° Chsmta?llhtyand stﬂl:‘ﬂy
003531° Cm‘t;" stﬂg::‘y
003532° Primary stability studies
003530A primary sabilty.
003531 e iy
003532 M“m
003530A primary stabilty.
003531 25°C/60 % c b 24 months,
003532 Alu T blister
003530A prmmary sabilty.
003531 30°C/75 Yy 24 months.
003532 Aluf 7 blister

1 batches listed in section P 5.4 document [U12-2609-01]
2 1o data available for the 15 minutes time point
3 dissolution results of bulk measurement
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13.Is the acceptance criterion acceptable? If not, what is the recommended
criterion?

FDA sent an IR on September 16, 2013 which included the following Biopharmaceutics
request:
The proposed acceptance criterion of Q = % at (& minutes is not supported by data.
We recommend that you revise and implement the acceptance criterion of Q = @ % at
15 minutes and provide an updated specifications table for the drug product.
The Applicant responded on October 1, 2013 and agreed @@ the acceptance
criterion for dissolution from Q = 3;% at {2} minutes to Q = 23% at 15 minutes for both
release and shelf-life. Also, the Applicant revised the finished product specifications
table in all the relevant sections of the NDA.

C) DRUG PRODUCT FORMULATION DEVELOPMENT AND BRIDGING
ACROSS PHASES

14. What is the composition of the formulation of the proposed product?
The components and composition of the drug product and film-coat are provided in Table
6 and Table 7, respectively.

Table 6: Qualitative and quantitative composition of Empagliflozin film-coated
tablets, 10 mg and 25 mg

. [mg / tablet] | [mg / tablet| . Reference to
Ingredient e 10 mg 25 mg Function Standards
)
oy - Drug Company
C 2 ©

Empagliflozin 10.000 25.000 substance standard

Lactose monohydrate O@ NF

Microcrystalline NF

cellulose

Hydroxypropylcellulose NF

Croscarmellose sodium NF

Colloidal silicon dioxide NF

Magnesium stearate NF

(b) (4)

USP
Company
standard
usp

Total mass of

25 2
film-coated tablet i .

*) Removed during processing; does not appear in the final drug product

Reference ID: 3401482
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Reviewer’s Note: Although the Applicant is proposing only the 25 mg strength for
marketing, the lower strength (10 mg)
In fact, the two strengths (10 mg and 25 mg) are formulated

(b) (4)
(b) (4)

Furthermore, the 10 mg dosage strength was studied in the Phase 3 trials and a
biowaiver for this strength 1s not needed.

Table 7: Qualitative and quantitative composition of O
®) @)

Hy(bp)r(gmeuose USP
Titanium dioxide USP
Talc USP
Polyethylene
alycol ) @) NF
Ferric oxide
yellow NF
Total

15. What are the highlights of the drug product formulation development?
Three tablet trial formulations (TF) were developed to support clinical trials: TF-I, TF-II,
and the final formulation (FF). All 3 formulations had the same qualitative composition.
TF-I and TF-II were ®® tables, and FF is a film-coated tablet with a hypromellose-
based standard film coat. TF-I and TF-II were used in phase I and II trials. The FF was
used in several phase I trials and all phase III trials.

TF-II and FF (intended for commercial supply) were compared in a relative
bioavailability study (1245.51, U11- 1756). The Applicant stated that the results of this
relative bioavailability study showed comparable in vivo exposure. The relative
bioavailability will be reviewed by the Office of Clinical Pharmacology. Also, the
Applicant used the selected dissolution method and provided the dissolution profiles of
both formulations used in the relative bioavailability study (TF-II and FF). The
dissolution profiles of both formulations are similar (see Figure 14). The Applicant
stated that the in vitro dissolution conditions reflected the observed in vivo performance.
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Figure 14: Comparative dissolution profiles of Empagliflozin tablets, 25 mg,
TF II and Empagliflozin film-coated tablets, 25 mg, FF tested in study
1245.51 (n=12) (dissolution method: paddle apparatus, 75 rpm, 900 mL, 0.05
M phosphate buffer pH 6.8)

) (4)
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The dissolution profiles of both formulation types are similar which reflect the results
obtained in vivo (the relative bioavailability study 1245.51). Therefore, the in vitro
dissolution results reflect the in vivo performance of the formulations.

16. Are all the strengths evaluated in the pivotal clinical trials? What data
are available to support the approval of lower strengths?
Yes, all strengths are evaluated in the pivotal clinical trials. However, the Applicant
wants to commercialize only one dosage strength (25 mg).

17. Are there any manufacturing changes implemented to the clinical trial
formulation (e.g. formulation changes, process changes, site change,
etc.)? What information is available to support these changes?

Early process development activities in lab scale were conducted by Boehringer
Ingelheim at the development site located in Ridgefield, CT, USA. Subsequently,
process development activities in pilot and full scale were conducted by Boehringer
Ingelheim at the development site located in Biberach, Germany. The Final Formulation
(FF) and manufacturing process was transferred to the production site located in
Ingelheim, Germany. Therefore, clinical trial supplies for phase 3 studies using the Final
Formulation were manufactured only at the production site located in Ingelheim,
Germany, which is the proposed commercial site.
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18.Is the formulation of the clinical product the same formulation of the to-
be-marketed product? If not, what information is available to support
the formulation changes?
Yes, the proposed formulation is the same as used for manufacture of the phase 3 clinical
trials supplies. There are no manufacturing changes implemented to the clinical trial
formulation.

19.Is the manufacturing site the same for the clinical and to-be-marketed
products? If not, what information is available to support the new site?
The clinical trial supplies for phase 3 studies using the Final Formulation were
manufactured only at the production site located in Ingelheim, Germany.

D) DISSOLUTION APPLICATIONS
D.1 BIOWAIVERS
20.1Is there a waiver request for in vivo BA or BE data (Biowaiver)? If yes,
what is/are the purpose/s of the biowaiver request/s? What data support
the biowaiver request/s? Is the biowaiver request acceptable?

The FF formulation which 1s intended for commercial supply was compared against TFII
in a relative bioavailability study (1245.51) which will be reviewed by OCP. The
Applicant stated that the results show comparable in vivo exposure (1254.51, U11-1756).

Although the Applicant intends to commercialize only the 25 mg strength and is not
requesting a biowaiver for the lower strength (10 mg) because it was studies in Phase 3
trials, a comparison of dissolution profiles between the two dosage strengths of
Empagliflozin film-coated tablets (10 mg and 25 mg) was performed. The dissolution
profiles were generated using the proposed regulatory dissolution conditions. Although
the 10 mg and 25 mg Empagliflozin film-coated tablets have ©e
the dissolution profiles of both dosage strengths are almost
superimposable (See Figure 15). The comparative dissolution profiles are not relevant, as
the lower strength (10 mg) @@ the higher
strength (25 mg) in its active and inactive imngredients, and the two strengths (10 mg and
25 mg) are formulated ere
Also, the lower strength (10 mg) was studied in
Phase 3 trials and a biowaiver request 1s not requested or applicable in this case.
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Figure 15: Dissolution profiles of Empagliflozin film-coated tablets (n=6)
comparing different dosage strengths
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21.Is there any IVIVR or IVIVC information submitted? What is the
regulatory application of the IVIVC or IVIVC in the submission? What
data is provided to support the acceptability of the IVIVC or IVIVC
model?

There is no IVIVC data included in the submission.

D.2 SURROGATES IN LIEU OF DISSOLUTION
22. Are there any manufacturing parameters (e.g. disintegration, drug
substance particle size, efc.) being proposed as surrogates in lieu of
dissolution testing? What data is available to support this claim?

No, there are no manufacturing parameters being proposed as surrogates in lieu of
dissolution testing.

D.3 DISSOLUTION AND QBD
23. If the application contains QbD elements, is dissolution identified as a COA
for defining design space?

The Applicant has some QbD elements in the application. However, the Applicant did
not propose a design space, nor sought alternative control strategies. Also, dissolution is
not 1dentified as CQA for defining design space.
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24.

NA

25.

NA
26.

NA

Reference ID: 3401482

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?

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

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?
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Office of Clinical Pharmacology
New Drug Application Filing and Review Form

General Information about the Submission

Information Information
NDA Number 204629 Brand Name JARDIANCE™ (Proposed)
OCP Division (I, IT, III, | DCPII Generic Name Empagliflozin
v, V)
Medical Division DMEP Drug Class SGLT-2 inhibitor
OCP Reviewer Manoj Khurana, Ph.D. Indication(s) An adjunct to diet and exercise to
improve glycemic control in adults
with type 2 diabetes mellitus.
OCP Pharmacometrics | Manoj Khurana, Ph.D. Dosage Form Film-coated Immediate-release
Reviewer Tablets; 10 mg and 25 mg
OCP Team Leader Lokesh Jain, Ph.D. Dosing Once daily
Regimen
Date of Submission March 5, 2012 Route of Oral
Administration
Estimated Due Date of | November 05, 2013 Sponsor Boehringer Ingelheim
OCP Review Pharmaceuticals, Inc.
PDUFA Due Date March 5, 2014 Priority Standard
Classification
Division Due Date

Clin. Pharm. and Biopharm. Information
“X”if Number of Number of Critical Comments If any
included at | studies studies
filing submitted reviewed
STUDY TYPE
Table of Contents present X
and sufficient to locate
reports, tables, data, etc.
Tabular Listing of All X
Human Studies
HPK Summary X
Labeling X
Reference Bioanalytical and X 31
Analytical Methods
l._Clinical Pharmacology
Mass balance: X 1 1245.08
Isozyme characterization: X 5 studies including human liver
micorsomes; hepatocytes,
transporters
Blood/plasma ratio: X 1 DM-06-1083
Plasma protein binding: X 1 DM-07-1001
Pharmacokinetics (e.g.,
Phase |) -
Healthy Volunteers-
single dose: X 1 1245.01
multiple dose: X
Patients-
single dose:
multiple dose: X 1 1245.02
Dose proportionality -
fasting / non-fasting single X 1245.79
dose:
fasting / non-fasting multiple
dose:
Page 1 of 13
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Reference ID:

Drug-drug interaction
studies -

In-vivo effects on primary X 15 1245-n,n=6, 7, 17, 18, 27, 30, 40,
drug: 41,42, 43, 45, 50, 58, 63, 83
In-vivo effects of primary drug: X -do-
In-vitro: X 8 Enzyme/transporter interactions
Subpopulation studies -
ethnicity: X 2 1245.05 (JPN), 1245.44 (CHN)
gender:
pediatrics:
geriatrics:
renal impairment: X 1 1245.12
hepatic impairment: X 1 1245.13
PD:
Phase 2: X
Phase 3:
PK/PD:
Phase 1 and/or 2, proof of X 3 1245.16 (TQT)
concept: 1245.04 (MD T2DM), 1245.15
(MD, T2DM, JPN)
Phase 3 clinical trial: X See pop-pkpd analysis section
Population Analyses -
Data rich: X 1 U12-2524 (Used data from
1245.2, 1245.4, 1245.15, and
1245.12)
Data sparse: X 1 U12-2525 (Used data from Phase
1 trials: 1245.2, 1245.4, 1245.9,
1245.10, 1245.15, Phase 2b trial
1245.33, and Phase 3 trials
1245.19, 1245.20, 1245.23,
and 1245.36 for Pop-PKPD E/R
Analysis
Il. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability -
solution as reference:
alternate formulation as X 1 1245.51 (TBM vs. TF2)
reference:
Bioequivalence studies -
traditional design; single /
multi dose:
replicate design; single / multi
dose:
Food-drug interaction X 2 1245.79 (with TBM formulation);
studies: 1245.03 (With TF1)
Dissolution:
(IVIVC):
Bio-wavier request based
on BCS
BCS class X
lll. Other CPB Studies
Genotype/phenotype
studies:
Chronopharmacokinetics
Page 2 of 13
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Pediatric development X Waiver ®® years

plan Deferral: ®@ years
PKPD Study 1245.87 plan 5, 10,
25mg

Phase 3 Study 1245.56 plan: 5,
10 or 25 mg based on PK study

results
Literature References
Total Number of Studies 76
Filability
“X” if yes Comments
Is Application filable? X Comments to the Sponsor: Please submit raw electronic data sets

for the DDI Study #1245.83 titled “A randomised, open-label, three-
way crossover trial to investigate the effect of rifampicin and
probenecid on empagliflozin pharmacokinetics in healthy male and
female subjects”.

Submission in Brief: Reviewer’'s Comments: The preNDA meeting minutes included the following
See the details below. | discussion points, indicating that company should submit this data within 30
days:

“Major components of the application are expected to be submitted with the
original application and are not subject to agreement for late submission. We
agreed that the following minor application components may be submitted within
30 calendar days after the submission of the original application:

Clinical Pharmacology assessment of in vivo chiral conversion of
empagliflozin in human clinical samples.”

Sponsor included one study report with the NDA submission (Document No.:
U13-3020-01 Report No.: DM-12-1184) that documents the evaluation of the
chiral conversion of empagliflozin by quantitating @

in pooled human plasma samples obtained from
a Clinical Study.

Submission in Brief:

The sponsor, Boehringer Ingelheim Pharmaceuticals, Inc. (hereafter BI), has submitted a

new drug application (NDA) seeking approval for e (Empagliflozin).
Cl (0)
: 0
HO o
HO™ ™Y "OH
OH
Figure 1 Molecular structure of empagliflozin

[D-Glucitol,1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-tetrahydro-3-furanyl]oxy]phenyl]methyl]|phenyl]-,
(1S). Molecular formula: C23H27C107, Molecular weight: 450.91 g/mol]

Empagliflozin is an inhibitor of sodium-glucose co-transporter 2 (SGLT2) with a claimed
IC50 of 1.3 nM. It has a 5000-fold selectivity over human SGLT1 (IC50 of 6278 nM),
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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.
Trial characteristics Trial number Reference  Geographical regions Duration
analysed
Pivotal double-blind 1245.19 [Ul2-1516] Europe, Asia, North America 24 weeks
phase IIT trials
1245.20 [U12-1517] Europe, Asia, North America 24 weeks
1245.23 pner) [U12-1518] Europe, Asia, North America, Latin 24 weeks
America
1245.23 e+s0) [Ul12-1518] Europe, Asia, North America, Latin 24 weeks
America
Double-blind phase III  1245.31 [U12-1521] Europe, Asia, North America, Latin 52 weeks'
extension trials America
Additional phase 1245.28 [U12-1520] Europe, Asia, North America, Latin 52 weeks’
IIb/III double-blind America, Africa/Middle East
individual trials
1245.33° [U12-3817] Europe, Asia, North America, 78 weeks
1245.48 [U12-1526] Europe, North America, Africa/Middle 12 weeks
East
1245.36 [U12-1522] Europe, Asia, North America, 52 weeks
Africa/Middle East
1245.25 No clinical ~ Europe, Asia, North America, Latin 12 weeks”
trial report  America, Africa/Middle East
available
Open label phase IIb 1245.24 [U12-1213] Europe, Asia, North America, Latin 90 weeks’
extension trial America

T Including the 24-week treatment duration in the preceding trials; 52-week efficacy data from a prespecified interim

analysis are included in this submission. The overall planned duration (initial trials + extensions) is 76 weeks

Minimum duration at time of interim analysis; overall planned duration is 208 weeks

Trial 1245.33 was conducted in patients with basal insulin as background therapy. This trial was originally designated as
a phase IIb trial. Since it had confirmatory testing introduced via a protocol amendment, it is considered to be equivalent
to a confirmatory phase III trial for the assessment of the efficacy and safety of empagliflozin

Minimum duration at time of interim analysis; overall anticipated duration is between 6 and 8 years

Data from a combined analysis with the preceding double-blind preceding trials 1245.9 and 1245.10 are presented

2
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Formulation Development:

There were changes in the formulation during the drug development. However, the final
formulation was used in the pivotal Phase 3 trials.

Table 1 Overview of formulations and manufacturing processes applied to clinical
trial batches

Formulation type
ablets (TF I)

Clinical studies
Phase I: 1245.1,2, 3, 4

General manufacturing principle

Phase I: 1245.5,6,7, 12, 13,
17,27, 30, 51

Phase II: 1245.9, 10, 15, 24,
33

Phase I: 1245.16, 18, 40, 41,
43,44, 45,50, 51, 53, 58, 63,
79, 83

Phase I1: 1245.38

Phase I11: 1245.19, 20, 23,
25,28, 31, 36, 48

Film-coated tablets (FF)

" numbers in bold indicate pivotal clinical studies

Trial formulation IT and Final Formulation FF, intended for commercial supply, were
compared in a relative bioavailability study (1245.51, U11-1756).

The composition of the formulations is mentioned below:

Table 2 Qualitative and quantitative composition of empagliflozin film-coated

tablets: 10 mg and 25 mg
[mg / tablet] | [mg / tablet| Reference to

10 mg 25 mg Function Standards

Ingredient

Drug Company
substance standard

Empagliflozin 10.000 25.000

Lactose monohydrate
Microcrystalline
cellulose
Hydroxypropylcellulose
Croscarmellose sodium
Colloidal silicon dioxide
Magnesium stearate

Company
standard

Total mass of
film-coated tablet
*) Removed during processing: does not appear in the final drug product

S

onsor mentioned that Empagliflozin drug substanc_
ﬂ. The particle size for empagliflozin drug substance
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(b) (4) (b) (4)

1s tightly controlled to pum

Key Clinical Pharmacology Review Questions:

What is the dose-response, systemic exposure-response relationship for
Empagliflozin for efficacy?
o Does exposure-response information support the adequacy of the
proposed dose of 25 mg QD?
o Is there an impact of renal impairment on the efficacy of
Empagliflozin?
What is the s dose-response, systemic exposure-response relationship for
Empagliflozin for safety?
o Does exposure-safety information support the proposed dose of 25 mg
QD?
What is the concentration-QT relationship for Empagliflozin concerning
safety? (IRT-QT Consult)
What is the effect of food on pharmacokinetics of Empagliflozin?
o Do the results support sponsor’s proposed language in the label that
“Empagliflozin can be taken with or without food”?
O Are analytical methods adequate?
What is the effect of Empagliflozin on other co-administered drugs and vice-
versa?
o Does the DDI result warrant for any dose adjustments for
Empagliflozin and the co-administered drugs?
O Are analytical methods adequate?
Are sponsor’s assessments for specific populations appropriate and do they
adequately support the proposed labeling language?
What is the relative bioavailability of to-be-marketed formulation in
comparison to the formulations used in the development phase?
O Are analytical methods adequate?

The key aspects of the filing and questions for clinical pharmacology review are
presented in the slides below:

Reference ID: 3303261
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Attachment 1: Clinical Pharmacology Filing Meeting Presentation

NDA 204069 Filing Meeting
Clinical Pharmacology Perspective

Empagliflozin (“Empa*)
@ Proposed)

Sponsor: Boehringer Ingelheim
Submitted: 03/05/2013

Manoj Khurana, PhD
Division of Metabolism and Endocrinology Products
Office of Clinical Pharmacology

P Revi H

. Pharm. and Pharmacometrics Reviewer: Manoj Khurana PhD
Lokesh Jain, PhD
Nitin Mehrotra, PhD

Cli
Clin. Pharm. Team Leader :
Pharmacometrics Team Leader:

CDER - Ofice of Chrical Phenmocoiogy

Overvuew of Clinical Pharmacology Studies

and phar 1\ trials in healthy volunteers
Trial 1245.1 Single nsing dose study in Cancasian healthy volunteers
Trial 1276.9 Once daily vs. twice daily regimen in bealthy volunieers
Trial 12458 Human ADME study
Trial 1245.16 Thorough QT study
Pharmacokinetic and pharmacodynamic trisls in patients with T2DM
Trial 12452 8-day multipk risivg dose study in Caucasian paticuts
Trial 12454 d-week repeited dose study in Caucasian patients
Special population trials
Trial 1245.5 Single risiag dose study in Jipanese bealthy voluntcers
Trial 1245.44 S-day multiple dosimg study in Chmese patients
Trial 1245.15 Aoweek repeated dosc study in Japanese paticots
Trial 124512 Renal impairment study in Cawcasians subjects
Trial 1245.13 Hepatic impairment study in Caucasians subjects
Drug-drug interaction trials
Trial 124506 DD with metformin Tral 1245.40 DDI with digoxin
Trial 12457 DDl with glimepiride T4l 124531 DD with ocal ¢ 5 (cthinylestradiol and 1
Trial 14507 DD with pioglitzzone 1941 124542 DDI with diuresics (hydrcehlorocainzide and torascanide
Trial 124550 DD with pi " Trul 124543 DDI with verspamil
Trial 124518 DD with warfirin Tral 124545 DDI with “‘"‘.'”
WIS DOlwikseet 1l Ll Dot e
Trial 124830 DD with linagliptin ety ~

Tral 124583 DDI with rifampicin and peobenecid

Reference ID: 3303261

Empagliflozin: A new molecular entity
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Class: SGLT2 inhibitor in proximal renal
tubule
Proposed Indication:

—~ adjunct to diet and exercise to
improve glycemic control in adults
with type 2 diabetes mellitus

Formulation: film-coated oral tablets:

- 10mg

- 25mg

Proposed dose:

- 25mg QD, with or without food

— Not recommended in severe RI
(eGFR <30 mL/min/1.73 m?)

* Proposed use spans from
Moderate RI to Normal RF

- Reduce dose of insulin/insulin

secretagogue (e.g., SU)

1 of Clrvced Phamacchogy

m U.S. Food and Drug Adminstraton
SORCHY ) POmalng A Hee

o AIGor

« Fairly rapid absorption (t.x ~ 1.5 hour)
* T1/2 ~12 hours (R .o 1.22 QD)
+ Absolute BA — 7 (80-90% in animals)
+ No time dependent PK
*  Metabolism:
- 2-0, 3-0, and 6-O glucuronides (~ 10%
of total in plasma; formed by UGT28B7,
UGT1A3, UGT1A8, and UGT1A9)

*  96% recovered:
- 41% in feces : (~83% intact)
— 55% in Urine : (~50% intact)
+ No chiral conversion
« RBC Partitioning ~ 36%
« Pgp, OAT3, and BCRP substrate
+ Inhibitor of OAT3, OATP1B1, OATP1B3
and OATP2B1 (high IC50s)

el Phiarmacobogy
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ED) U.S. Food and Drug Administration
IIUA_ Protecting and Promoting Public Health

www.fda.gov

Clin. Pharm. Review Questions

* Review Questions:

— What are the PK and PD characteristics of Empagliflozin?
* Filing Issues:

— Did sponsor submit all the information for review? — Yes

04/23/2013 CDER - Office of Clini

Pharmacology 5

q U.S. Food and Drug Administration
IDA_ Protecting and Promoting Public Health

www.fda.gov

Empagliflozin Efficacy from Pivotal Trials

Adjusted mean difference (with 95% confidence intervals) between empagliflozin
and placebo in HbA1c after 24 weeks for the pivotal trials — FAS (LOCF)
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Overview of efficacy and safety trials™c
empagliflozin

Treatment duration

(weeks) 04 12 24 52 76 90 208
[ | | | | —/—1
Ly T T T T T/

Number of treated

patients
767 124523 met+SU
706 124523 met
498 1245.19_piozmet

o0 T eyes |
986 124520 o, (124531 monotherapy' |
494 [ms 33 (basal insulin)
1545 1245.28% (comparison with glimepiride) : |
824
738 | 124536 (renal impairment)

T

4874 124525 (cardiovascular safety) |

406 12459 | 124524 monQtherapy . ... iuiuiiice e
495 1245.10 | 1245.24 met
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Empagliflozin Efficacy in Renal Impairment

Change from baseline in HbA1c [%] in Renal Impairment Trial - FAS (LOCF)

Change from baseline

Difference from placebo

Trial Baseline

Treatment HbA,, Adjusted Adjusted

group N mean (SE)  Mean (SE) mean (SE) mean (SE) 95% CI p-value
41245'.36 mm\l renal Endpoint d after 24 we

impairment

Placebo 95 8.09(0.08  0.04(0.08)  0.06(0.07)

Empal0mg 98  802(0.09) -0.46(0.07) -046(0.07)  -052(0.10) (-0.72,-0.32) <0.0001
Empa25mg 97  7.96(0.07) -0.61(0.07) -0.63(0.07)  -0.68(0.10) (-0.88,-0.49) <0.0001

5. erate i
124 ‘?6 m"'fl“ :m‘ Endpoint assessed after 24 weeks
renal impairment

Placebo 187 8.04(0.06) 0.05 (0.05) 0.05 (0.05)

Empa 25 mg 187 8.03(0.06)  -0.37(0.05)  -0.37(0.05) -0.42(0.07) (-0.56,-0.28) <0.0001

¥ Renal impairment was assessed by eGFR caleulated with the MDRD formula: mild (eGFR of 60 to <90 mL/min/1.73 m’),
moderate (éGFR of 30 to <60 mL/min/1.73 m?). ANCOVA model includes baseline HbA,, baseline background
medication, and treatment
“Adjusted mean treatment difference:
Chronic kidney disease 3A (180 patients overall, eGFR 45 to <60 mL/min/1.73 m2): -0.46% (95% ClI: -0.66, -0.27)
Chronic kidney disease 3B (194 patients, eGFR 30 to <45 mL/min/1.73 m2): -0.39% (95% CI: -0.58, -0.19)”

04123/2013 CDER - Office of Clinical Phamacology
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Empagliflozin Exposure-Response for Safety Empagliflozin TQT Study (1245.16) Results

* Sponsor: Adjusted means and confidence intervals for the mean QTcN changes
— Neither HYPO nor UTI rates changed significantly with changes in from baseline within the time interval 1 h to 4 h after administration
empaglifiozin AUCss of BI 10773 and placebo — full analysis set
* Hypoglycemia: odds ratio for 3500 nmol*hr/L increase in Noof  Noof Adjusted mean Difference to placebo
AUCss: 0.988, 95% CI: [0.863, 1.13] § . ‘ oo e B
eatmes subjects obs. ean (SE can (SE] 90% C:!
+ UTI: 1.06 [0.935, 1.20]. rement ' S " v
— GBV (genital infection rate): decreased with increasing Placebo 29 57 3.68 (1.00)
empagliflozin AUCss (odds ratio for 3500 nmol*hr/L increase in 25 mg BI 10773 28 28 427(1.10) 0.59 (0.76) -0.69.1.87
AUCss: 0.744, 95% CI: [0.574, 0.965]
Placebo 29 57 3.67 (0.86)
200 mg BI 10773 30 30 3.44 (0.94) ~0.22 (0.69) ~1.39,0.94

The statistical model included fixed effects for ‘treatment’, “period’, ‘treatment sequence’, ‘baseline’ as a covariate and the
random effect *subject within sequence’

+ |IRT-QT Consult

042372013 CDER - Office of Clinical Pharmacology 9 04/23/2013 CDER - Office of Clinical Phammacology 10

.S, iinistration S, Drug Administration
m ;utezrammuﬁ:mm Health 'UA gmts«‘mda:mmmng Public Health
. . . s Intrinsic Factors on PK e
Clin. Pharm. Review Questions iy ——
TPROTS . + Sponsor:
* Review Questions: o - — No dose adjustment for body mass
— What is the dose-response, systemic exposure-response relationship for e . index, body weight, sex, and race
Empagliflozin for efficacy? e I based on the results of population PK
* D - inf ti rt the adequacy of the ol analysis.
oes exg%sure r?;;;onsecllrlljgrma lon suppo a 4 EGFRI20 - — None of these covariates had
proposed dose o mg [ EGFRO% e clinically relevant effect on PK of
* Is there an impact of renal impairment on the efficacy of Empagliflozin? EG:Z’: - | Empa
— What is the dose-response, systemic exposure-response relationship for £cRom = * Review Questions:
Empagliflozin for safety? EGFRO0 == — What is the impact of body mass
: : EcrRots _— ; ;
+ Does exposure-safety information support the proposed dose of 25 mg s | index, body weight, sex, and race on
QD? pe - PK of Empa?
o 9 . 2 o . e — s sponsor’s proposed language in
e
— What is the concentration-QT relationship for Empagliflozin concerning a5 o the label acceptable?
safety? (IRT-QT Consult) oK CURRENT - + Filing Issues:
* Filing Issues: ::AZ:: :_ — Did sponsor submit all the information
— Did sponsor submit all the information for review? — Yes Rererence b for review? — Yes
10 \‘M 1‘n
Normalized steady state area under the curve
keterenco grcs: mat, non-Asia, non-rmoker, TREO 70, EGFR 100, ALT 20, AST 20,LOH 160, BMI 25, AGE 50
Estimated covariate effects on relative i (AUCT,ss!
AUCT,ss) from the population pharmacokinetic model

047232013 CDER - Office of Clinical Pharmacology " 04/23/2013 CDER - Office of Clinical Pharmacology 12
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Mild renal Auc —_—
impairment Cmax —_—
Moderate renal A ——
impairment Cmax —
Severe renal Auc —_—
impairment Cmax ——
Kidney failure/ Auc —_—
Cmax —_—
s 75 10 125 150 175
Geometric mean ratio (90% confidenc interval)

* Sponsor:

— No dose adjustment in mild or
moderate RI

— Do not use in severe Rl and
ESRD (No efficacy)
* Review Questions:
— What is the impact of renal
impairment on PK of Empa?
— s sponsor’s proposed language
2 in the label acceptable?

. :
Extrinsic Factors: DDI - Effect o
Antidiabetic drugs ~ Metiormin, 1000 mg, twice daily* 3
Glimepinde, 1 mg® e
Piogitazone, 45 mg, once daiy*"* e
Cardiovascular drugs  Simvastatin, 40 mg® i
e 2, Cmax
Ramipri, 5 mg, once daily® o
Gemfibrozil, 600 mg, twice daily* LI
Diuretics Hydrochiorothiazide, 25 mg, once daily?  AUC
Torasemide, 5 mg, once daily” ;uc
Others Rifampicin, 600 mg” :JC
Probenecid, 500 mg, twice daily* we
5
. liflozin, 50 mg, once daily: " , 25 mg, once daily; ©

113 CDER - Office of

Geometric mean ratio (90% confidence interval)

* Filing Issues:

— Did sponsor submit all the
information for review? — Yes

=m) U.S. Food and Drug Administration
IDA_ Protecting and Promoting Public Health

www.fda.gov

* Review Questions:
— What is the effect of other
drugs with Empa?
— s proposed language in
label acceptable?
* Filing Issues:
— Did sponsor submit all the
information for review?
== Yes

H“ + M*M‘ ++++ g f

—
.

T T

s 0 s 10 75 w0

Change relative to empagliiozin alone

, 25 mg, single dose; ¢ empagliflozin,

Reference ID: 3303261
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www.fda.gov
Specific Populations — Hepatic Impairment
+ Sponsor:
Mild hepatic Aue — — No dose adjustment in mild,
impairment Cmax e o
moderate, or severe HI
* Review Questions:
Moderate he AUC —_— _ . . .
) oo i _Whatl is the impact of hepatic
impairment on PK of Empa?
— Is sponsor’s proposed language
evere hepatic Auc —_— H V3
il = in the label acceptable?
i * Filing Issues:
w0 75 10 125 te0 15 20 25 : ;
Geometric mean ratio (90% confidence interval) - Dld Sponsor Sme!t a" the
information for review? — Yes
04/23/2013 CDER - Office of Clinical Pharmacology 14

q U.S. Food and Drug Administration
M Protecting and Promoting Public Health
Extrinsic Factors: DDI - Effect o oo
Geometric mean rato (90% confidence infrval
Antdabetiodrugs o, 1000mg tvice day* ne e
Gimepiide 1 mg* e —_
Picgitazone, 45 mg, once daly*®® e, ——
Stagpin, 100 mg, e i e, ||
[P s, e * Review Questions:
Cardovascular drugs  Simastain 40 g Py e — What is the effect of
smasatnacet e ] N, Empa on other drugs?
Rowartan 25 mgh! e - — |s proposed language in
TS s label acceptable?
Rarie, 5 mg, oncedoh "~ .+ FilingIssues:
Remeriat’ e . — Did sponsor submit all
Ooun, 05m” e —— the information for
review? Yes
Diuretics Hydrochiorathiazide, 25 mg. once daiy® we =
Torasemide, 5 mg, ance daiy® o -
Oral contraceptives  Ettynytestradil, 30 ug, once daily™™ ac ——
Levonorgestrel, 150 g, once daily*” e E
© 7 w B %
Change reative o other medication alane
empagliflozin, 25 mg, once dail; npagliflozin, 2: . iflozin,
as simvastatin; * administered as warfarin recemic mixture: a ipril;

04/23/2013 CDER - Office of Clinical Phamacology 16
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Extrinsic Factor - Food Effect PK Comparability of Different Formulations
1000 ——— * Sponsor: 600, ==ttt * Sponsor:
. —— trial formulation .
_ b — Food effect not clinically relevant = 2 — To-be-marketed formulation
el for formulations TF1 and FF gy used in Phase 3
£ 5 .. . = .
5 oo || — Can be administered with and § I} — Formulations TF2 and FF
% | without food HE \ are bioequivalent for PK
§ 4o + Review Questions: § \ * Review Questions:
z — Are sponsor’s claims acceptable? § 200 R, — Are sponsor’s claims
8 200 )
a " a Y
; — Is proposed language in label ~_ acceptable?
0 e acceptable? 3 i e, e |+ Filing Issues:
° 2 e ® 0 7. Fi|ing Issues: 0 12 24 36 48 60 72 A i
time () . & ] ime (h) — Did sponsor submit all the
M:an plalsr:ar ! ‘f i ; pzr:files of pa if 'bl — Did sponsor submit all the Mea‘n plasma '25' ime profiles ofr o i ; i afteLI information for review? —
after oral administration of single mg empagliflozin tablet H . = oral of mg final formulation tablet
(25 mg empagliflozin final formulation tablet ) under fasted Informatlon for reVIeW? - Yes or empagliflozin trial formulation 2 tablet (TRIAL 1245.51) Yes
and fed (standard high fat, high calorie meal) conditions
(TRIAL 1245.79)
Similar results for TF1 in TRIAL 1245.3

0412312013 CDER - Office of Clinical Pharmacology 7
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Application Filability and Consults

* Yes, the application is filable
* No OSI consults
» IRT-QT for the thorough QT study

0412312013 CDER - Office of Clinical Pharmacology 19
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Attachment 2: GRMP Filing Memo

CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

NDA/BLA Number: 204629  Applicant: Boehringer Ingelheim  Stamp Date: 03/05/2013

Pharmaceuticals, Inc.

Drug Name: Empagliflozin NDA/BLA Type: (505(b)(1))

On initial overview of the NDA/BLA application for RTF:

| Content Parameter | Yes | No | N/A | Comment
Criteria for Refusal to File (RTF)
1 | Has the applicant submitted bioequivalence data X TBM
comparing to-be-marketed product(s) and those used in formulation was
the pivotal clinical trials? used in Phase 3
2 | Has the applicant provided metabolism and drug-drug X
interaction information?
3 | Has the sponsor submitted bioavailability data satisfying | X
the CFR requirements?
4 | Did the sponsor submit data to allow the evaluation of the | X
validity of the analytical assay?
5 | Has a rationale for dose selection been submitted? X
6 | Is the clinical pharmacology and biopharmaceutics X
section of the NDA organized, indexed and paginated in a
manner to allow substantive review to begin?
7 | Is the clinical pharmacology and biopharmaceutics X
section of the NDA legible so that a substantive review
can begin?
8 | Is the electronic submission searchable, does it have X
appropriate hyperlinks and do the hyperlinks work?

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9 | Are the data sets, as requested during pre-submission X
discussions, submitted in the appropriate format (e.g.,
CDISC)?

10 | If applicable, are the pharmacogenomic data sets X

submitted in the appropriate format?

Studies and Analyses

11 | Is the appropriate pharmacokinetic information X
submitted?
12 | Has the applicant made an appropriate attempt to X

determine reasonable dose individualization strategies for
this product (i.c., appropriately designed and analyzed
dose-ranging or pivotal studies)?

13 | Are the appropriate exposure-response (for desired and X
undesired effects) analyses conducted and submitted as
described in the Exposure-Response guidance?

14 | Is there an adequate attempt by the applicant to use X
exposure-response relationships in order to assess the
need for dose adjustments for intrinsic/extrinsic factors
that might affect the pharmacokinetic or

pharmacodynamics?

File name: 5 Clinical Pharmacology and Biopharmaceutics Filing Checklist for a New

NDA BLA 110307

Reference ID: 3303261
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING CHECKLIST FOR A NEW NDA/BLA

15

Are the pediatric exclusivity studies adequately designed
to demonstrate effectiveness, if the drug is indeed
effective?

X

16

Did the applicant submit all the pediatric exclusivity data,
as described in the WR?

17

Is there adequate information on the pharmacokinetics
and exposure-response in the clinical pharmacology
section of the label?

General

18

Are the clinical pharmacology and biopharmaceutics
studies of appropriate design and breadth of investigation
to meet basic requirements for approvability of this
product?

19

Was the translation (of study reports or other study
information) from another language needed and provided
in this submission?

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION

FILEABLE?
YES

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and

provide comments to be sent to the Applicant.

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

day letter.

Manoj Khurana 05/03/2013
Reviewing Pharmacologist Date
Lokesh Jain 05/03/2013
Team Leader/Supervisor Date
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

MANOJ KHURANA
05/03/2013

LOKESH JAIN
05/03/2013
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