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The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought supplemental New Drug Application (sNDA)
204629/S-020 for empagliflozin to this Advisory Committee in order to gain the Committee’s
insights and opinions, and the background package may not include all issues relevant to the final
regulatory recommendation and instead is intended to focus on issues identified by the Agency
for discussion by the advisory committee. The FDA will not issue a final determination on the
issues at hand until input from the advisory committee process has been considered and all
reviews have been finalized. The final determination may be affected by issues not discussed at
the advisory committee meeting.
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Division Director Memorandum
Department of Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research
MEMORANDUM
Date:

November 13, 2019

From:

Lisa Yanoff, M.D.
Director (Acting), Division of Metabolism and Endocrinology
Products, Office of Drug Evaluation II, CDER, FDA

To:

Chair, Members and Invited Guests
Endocrinologic and Metabolic Drugs Advisory Committee
(EMDAC)

Subject

Overview of the November 13, 2019 EMDAC meeting

This document provides the briefing material for the November 13, 2019, meeting of the
Endocrinology and Metabolic Drugs Advisory Committee to discuss data in support of
supplemental New Drug Application 204629/S-020 submitted on May 24, 2019. This
supplemental application seeks marketing approval for empagliflozin 2.5 mg once daily as an
adjunct to insulin therapy to improve glycemic control in adults with type 1 diabetes mellitus
(T1DM).
T1DM is a serious medical condition caused by T-cell mediated autoimmune destruction of the
pancreatic beta cells. The loss of pancreatic beta cells leads to impaired insulin production and
secretion, and impaired glucose metabolism. The mainstay of medical therapy for T1DM is
exogenous insulin, which is required for survival. Also approved for T1DM is an adjunctive
therapy, pramlintide, an amylin-mimetic. Both exogenous insulin and pramlintide improve
glycemic control, but they do not alter the underlying pathophysiology of T1DM.
Acute life-threatening complications of T1DM include profound hyperglycemia and diabetic
ketoacidosis due to insulin deficiency. Chronic complications of T1DM include
macrovascular/cardiovascular disease and microvascular disease, e.g. retinopathy,
nephropathy, and neuropathy. The Diabetes Control and Complications Trial (DCCT)
demonstrated that intensive insulin therapy and consequent tight glycemic control resulted in a
reduction in the onset and progression of microvascular complications. Based on these data,
patients with T1DM are generally recommended to use multiple daily injections (MDI) of
insulin, including “basal” or long-acting insulin, along with “prandial” or short-acting insulin
9

taken before each meal, to achieve their glycemic goals. A continuous subcutaneous infusion
(CSII) of short-acting insulin (insulin pump) may also be used to achieve glycemic control. While
intensive insulin therapy improves glycemic control, hyperglycemia, and microvascular
outcomes, it is associated with hypoglycemia and weight gain. In addition, not all patients are
able to reach glycemic targets with insulin.
While it is established that patients with diabetes mellitus are at increased risk for both
microvascular and macrovascular complications, drugs for the treatment of diabetes are
typically approved based on hemoglobin A1c (HbA1c). HbA1c is formed by irreversible
attachment of glucose to hemoglobin, is directly proportional to the ambient glucose
concentration, and correlates with average blood glucose over the preceding 2 to 3 months.
Based on a robust body of evidence, reduction in HbA1c is a reliable biomarker for glycemic
lowering and a surrogate for a reduction in the onset and progression of microvascular
complications, making it a valid surrogate endpoint for regulatory decision making for products
intended to improve glycemic control in patients with diabetes mellitus. Other glucose-based
endpoints such as “time-in-range” are valued by patients and may relate to at least short-term
improvements in quality of life and treatment satisfaction, but do not have an established
relationship with long-term macrovascular and microvascular complications independent of
HbA1c lowering and have not been validated for use in regulatory decision making for
antidiabetic drugs. Body weight reduction and blood pressure reduction may be viewed as
clinical benefits for some patients, and a reduction in severe hypoglycemia, defined generally as
requiring assistance from another person because of neuroglycopenia (which can include
altered mental status, loss of consciousness, or seizure) would be viewed as an important
clinical benefit. Other definitions of hypoglycemia have uncertain significance in the setting of
evaluations of comparative effectiveness or safety.
Empagliflozin is an orally administered inhibitor of sodium-glucose co-transporter 2 (SGLT2)
that was approved at doses of 10 mg and 25 mg in August 2014, as an adjunct to diet and
exercise to improve glycemic control in adults with type 2 diabetes mellitus (T2DM).
Empagliflozin is now being proposed by the Applicant as an adjunct to insulin for adult patients
with type 1 diabetes mellitus (T1DM). Empagliflozin, like all SGLT2 inhibitors, does not alter the
underlying pathophysiology of T1DM but lowers plasma glucose by increasing urinary glucose
excretion.
The Applicant is seeking approval of a single dose of empagliflozin for T1DM patients, 2.5 mg
given orally once daily. In support, the Applicant submitted one randomized placebo-controlled
phase 3 study (EASE-3) assessing the efficacy, safety, and pharmacokinetics of once daily oral
doses of empagliflozin 2.5 mg compared to placebo as adjunctive to insulin therapy over 26
weeks. In EASE-3, a statistically significant placebo-adjusted reduction of HbA1c from baseline
was observed (-0.26% [-0.39%, -0.12%]) in patients treated with empagliflozin 2.5 mg. The small
observed HbA1c reduction is less than 0.3%, which is the non-inferiority margin that’s been
used in many glycemic control trials for diabetes (some use 0.4%).
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In addition to the one pivotal trial with the proposed dose of 2.5 mg of empagliflozin, the
Applicant has submitted supportive evidence for the 2.5 mg dose based on exposure-response
modeling and simulation using data from the other phase 3 trial EASE-2 and phase 2 trial EASE1. The Applicant’s modeling approach predicted a HbA1c reduction of -0.29% for empagliflozin
2.5 mg in the EASE-2 population. The FDA conducted sensitivity analyses based on the
Applicant’s model and predicted a conservative estimate (lower bound of 95% confidence
interval) for HbA1c change from baseline at 26 weeks of -0.23% (95% CI: -0.377 to -0.048).
The Applicant also investigated the effects of empagliflozin 2.5 mg on hypoglycemia, body
weight, and systolic and diastolic blood pressure as additional clinical benefits. Data suggest no
difference from placebo with regard to hypoglycemia risk (no excess hypoglycemia but no
reduction). Empagliflozin 2.5 mg showed a reduction of -1.77 kg in body weight when
compared to placebo, as well as a reduction of -2.01 mmHg in systolic blood pressure compared
to placebo. A reduction of -0.35 mmHg in diastolic blood pressure for empagliflozin 2.5 mg dose
compared to placebo was also observed. These potential benefits for empagliflozin 2.5 mg
from the EASE-3 trial are small in magnitude, and the average patient was in the nonhypertensive, non-obese range at baseline; hence, the clinical relevance is uncertain. In
addition, a continuous glucose monitoring sub-study, which included a relatively small number
of patients, examined blood glucose profiles. The small sample size limits interpretation, but
the findings suggested a small reduction in time spent in hyperglycemia and no impact on time
spent in hypoglycemia. The pattern seen in this sub-study is consistent with the totality of the
data in the application.
The size of the database submitted to support safety of the 2. 5 mg dose is relatively small and
of short duration. Only 241 patients were randomized to 2.5 mg in a single phase 3 trial with
225 patients being on-treatment at Week 26. Although empagliflozin is approved for patients
with T2DM differences in population may result in a different safety profile. Diabetic
ketoacidosis is the most important safety issue pertaining to the use of SGLT2 inhibitors,
including empagliflozin, among T1DM patients. DKA occurs due to insulin deficiency (either
relative or absolute) and subsequent ketogenesis. In general, SGLT2 inhibitors increase the risk
of DKA, and this risk may be dose dependent. The mechanisms are likely related to both
indirect effects (through insulin dose reduction and volume contraction) and direct effects
(through ketogenesis). In the EASE-3 trial, a total of 5 events of “certain” DKA were observed
between the placebo (3 events) and empagliflozin 2.5 mg (2 events) groups suggesting no
excess relative risk with empagliflozin 2.5 mg beyond the risk with placebo. However, these
data are derived from only one trial of only 26 weeks duration, and the small number of DKA
events limits the ability to discern meaningful differences between groups. Further, differences
in DKA risk between the two phase 3 trials conducted in the T1DM population were observed
for the empagliflozin 10 mg dose which could not be explained, highlighting that with a small
safety database results can be variable across trials, raising concerns about the reliability of the
finding. In addition, intense monitoring and clinical support in clinical trials raises questions
about the generalizability of these findings to the real world, where less rigorous
implementation of monitoring may result in rates of DKA that are higher.
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The overall safety profile of empagliflozin 2.5 mg in T1DM is generally consistent with the
known risks for T2DM patients. These risks include genital mycotic infections, urinary tract
infections, and volume depletion events which are expected to be manageable through product
labeling. With regard to cardiovascular (CV) safety, based on the EMPA-REG OUTCOMES study,
empagliflozin is also indicated to reduce the risk of cardiovascular death in patients with T2DM
and established cardiovascular disease. While we do not expect that empagliflozin 2.5 mg
would carry excess CV risk, the applicability of EMPA-REG OUTCOMES benefit results to the
current application is uncertain given the lower dose of empagliflozin proposed than is
approved for T2DM and the lower absolute risk of the general T1DM population than the
labeled T2DM population.
Limitations of the available evidence that introduce uncertainty into the robustness of the
submitted data are discussed in detail in this document. Typically, two adequate and wellcontrolled studies to establish effectiveness of a product are available, that can also be relied
upon on for evaluation of drug risk. In the current application, only one pivotal phase 3 trial
evaluated the 2.5 mg dose. The applicant has performed modeling and simulation to substitute
for a second clinical trial to establish effectiveness of the 2.5 mg dose, not its safety. While it
may be reasonable to conclude efficacy of the 2.5 mg dose with regard to glycemic control with
only one trial (EASE 3) in addition to confirmatory evidence, e.g. efficacy of higher approved
doses in T2DM, the observed glycemic control of the 10 and 25 mg doses in T1DM from EASE 2
and EASE 3, or 28-day effects on HbA1c observed in phase 2 studies in the T1DM population,
the absence of a second pivotal trial with the 2.5 mg dose requires a thorough assessment of
whether EASE 3 will provide sufficient data to evaluate risk of this dose to make an overall
benefit-risk conclusion.
The Agency acknowledges the unmet need in T1DM for adjunctive therapies to insulin that help
patients meet glycemic targets where the benefit/risk profile is favorable. This unmet need
could lead the Agency to accept some uncertainty about the efficacy and safety of a potential
therapy. All therapies have uncertainty about real-world benefits and risks. The magnitude and
significance of potential benefits and risks to patients must be considered when determining
how much residual uncertainty is acceptable prior to approval. The unmet medical need for
T1DM could justify increased residual uncertainty compared to a proposed therapy for a lessserious condition or a condition with many available and effective treatment options; this
justification could also be stronger if the proposed therapy was expected to provide substantial
benefits without significant potential risks.
We look forward to hearing the committee’s discussion and recommendations on this
application. Thank you in advance for participating in this meeting and helping FDA fulfill its
mission of protecting and promoting public health by helping ensure human drugs are safe and
effective for their intended use.
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Draft Points to Consider
1. Discuss whether the data submitted have provided substantial evidence of effectiveness
for empagliflozin 2.5 mg for improved glycemic control based on the validated surrogate
endpoint HbA1c. Discuss your views of the clinical meaningfulness of the small HbA1c
reduction as well as other endpoints studied to evaluate potential benefits of
empagliflozin 2.5 mg including ‘time in range’, hypoglycemia, body weight, blood
pressure to establish benefit of the product.
2. While DKA is a known risk with SGLT2i use, the empagliflozin clinical development
program did not identify an excess relative risk of diabetic ketoacidosis, vs. placebo, for
the 2.5 mg dose. Discuss your level of confidence in these results, given the small
number of events generated from a single trial that is only 26 weeks in duration.
Consider whether an adequate safety database has been provided to enable
characterization of benefit/risk and the applicability of extrapolating risk management
in a clinical trial setting to real world use.
3. Discuss the overall benefit/risk profile of empagliflozin 2.5 mg as an adjunct to insulin
therapy for the treatment of adult patients with type 1 diabetes. Are the demonstrated
benefits sufficient in light of the uncertainties around the DKA risk and other risks of the
drug?
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Summary of Clinical Pharmacology
Empagliflozin (also referred to as BI 10773) is an oral, selective inhibitor of sodium glucose cotransporter 2 (SGLT-2). SGLT-2 is expressed primarily in the proximal convoluted tubule in the
kidney, and accounts for the majority of renal tubular glucose resorption. Pharmacologic
inhibition of SGLT-2 promotes urinary glucose excretion (UGE) and reduction of plasma glucose.
The level of UGE is dependent on both the level of SGLT-2 blockade, and the glucose flux.
Exposure-Response (E-R) modelling and phase 2 data provide evidence of efficacy for 2.5 mg
empagliflozin, in addition to EASE-3, a single adequate and well controlled study.
First, two phase 2 studies in T1DM, EASE-1 and J-EASE-1, measured placebo-adjusted change
from baseline in HbA1c at 28 days. Although HbA1c reduction was not a primary endpoint,
both studies reported effect sizes at 2.5 mg that are similar in magnitude to those observed in
the pivotal phase 3 study, EASE-3. EASE-1 reported an adjusted change from baseline in HbA1c
at 28 days of -0.35 (n=19, nominal p value of 0.0096), while J-EASE-1 reported an adjusted
change from baseline in HbA1c of -0.20 (n=13, nominal p value of p=0.1488).
Secondly, based on a pooled analysis using UGE data from EASE-1, J-EASE-1, The dose eliciting
the half-maximal effect (i.e. EC50) was estimated to be 1 mg with a 95% confidence interval
corresponding to a 0.5 to 1.5 mg. Based on this analysis, 2.5 mg is expected to provide more
than half of the maximum pharmacodynamic effect. Further, the effect of empagliflozin on
(UGE) appears consistent between T1DM and T2DM patients, assuring consistency in primary
mechanism of action, and suggesting efficacy results in the type 2 diabetes population may be
relevant.
Finally, upon empagliflozin treatment initiation, reductions in dose of concomitant insulin
therapy occur in T1DM, which may not be applicable or observed among patients with T2DM.
Since reductions in insulin dose associated with empagliflozin treatment may directly oppose
glycemic lowering (e.g. UGE), independent evidence of the efficacy of empagliflozin 2.5 mg in
patients reliant on background insulin therapy may be useful. The Applicant proposes the use
of Exposure-Response (E-R) modeling and simulation to provide replicate evidence of efficacy
for the 2.5 mg dose.

Clinical Pharmacokinetics of Empagliflozin in T1DM
Key Findings:
• Empagliflozin has an elimination half-life of 12.4 hours, and thus, has low accumulation
in the body (low accumulation ratio 22%) upon once-daily dosing (Figure 1).
• A systemic average AUC of approximately 500 nmol*h/L corresponds to a dose of 2.5
mg once daily.
• Empagliflozin therapy does not have drug-drug or drug-disease interactions that
warrant dose adjustment (Figure 1).
• Age, weight, gender, baseline insulin dose or estimated glomerular filtration rate (eGFR)
do not have a clinically meaningful effect on PK of empagliflozin.
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•

The PK of empagliflozin are consistent between patients with T1DM, healthy volunteers,
and patients with T2DM (comparative data not shown).

Figure 1: Highlights of clinical pharmacokinetics of empagliflozin in T1DM

Source: Reviewer’s figure

Pharmacodynamics of Empagliflozin in T1DM
Key Findings:
• Exposure-Response analyses show that 10 and 25 mg doses elicit similar near-maximal
responses on key PD endpoints, namely: UGE (Figure 3), beta-Hydroxybutyrate (BHB),
insulin utilization, and placebo-adjusted change from baseline in HbA1c. Treatment with 2.5
mg empagliflozin resulted in an intermediate effect between placebo and the 10 and 25 mg
arms. The empagliflozin AUC and the approximate equivalent dose eliciting half-maximal PD
effects are:
o UGE - 200 nmol*h/L– 1 mg empagliflozin
o HbA1c reduction – 698 nmol*h/L– 3.5 mg empagliflozin
o Insulin reduction – 367 nmol*h/L– 1.8 mg empagliflozin
o BHB increase – 1080 nmol*h/L– 5 mg empagliflozin
• After adjusting for eGFR and body weight, a numerically smaller EC50 was estimated in
T1DM patients compared to that in T2DM, with 194 nmol*h/L (corresponding to 1 mg
empagliflozin dose) in T1DM versus 272 nmol*h/L (corresponding to 1.5 mg empagliflozin
dose) in T2DM, respectively. The estimate for Emax was 17% higher in patients with T1DM
versus that in T2DM.
• In EASE-2 and EASE-3, initiation of empagliflozin treatment was associated with
concomitant insulin dose reduction within 1 week. The 10 and 25 mg doses resulted in 10
to 15% mean reduction in insulin utilization, and the 2.5 mg dose resulted in approximately
5-10% mean reduction within 1 week.
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•

Empagliflozin treatment was associated with a dose-related increase in routine selfmonitored mean plasma BHB levels (but remaining within normal limits). After
randomization, BHB increased steadily, peaked around 12 weeks, and was sustained
throughout the treatment duration. Upon cessation, plasma BHB levels returned to nearbaseline within a week.

Supportive Evidence of Efficacy from Phase 2 Data
Design of Phase 2 Studies in T1DM
The application included two dose-ranging PK/PD studies in T1DM, EASE-1 in White patients,
and J-EASE-1 in Japanese patients. These studies were both randomized, placebo-controlled,
double-blind parallel group studies with placebo, empagliflozin 2.5, 10, and 25 mg groups. The
primary objective in both was to assess PK and the impact of empagliflozin on 24-hour UGE
after 7 days of administration compared with placebo as add-on to background insulin
treatment.
Both studies included an open label run-in period preceding randomization; however, unlike
the phase 3 studies (discussed in the Clinical summary), did not include an insulin optimization
period. The 28-day randomized-treatment period was split into 2 phases: during the first phase
(up to Day 7), patients were confined and kept on a stable algorithm of background insulin;
during the second phase (Day 8 to 28), each patient’s algorithm of background insulin was
adjusted to achieve optimal glycemic control. Patients were followed-up for 7 days after endof-treatment.

HbA1c Results
Both EASE-1 and J-EASE-1 measured placebo-adjusted change from baseline in HbA1c at 28
days. Although HbA1c reduction was not a primary endpoint, both studies reported effect sizes
for 2.5 mg empagliflozin dose that are numerically similar in magnitude to those observed in
the pivotal phase 3 study, EASE-3. EASE-1 reported an adjusted change from baseline in HbA1c
of -0.35 (n=19, nominal p value of 0.0096), while J-EASE-1 reported an adjusted change from
baseline in HbA1c of -0.20 (n=13, p=0.1488).
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Figure 2: Placebo-Adjusted Change from Baseline in HbA1c in EASE-1 (Left Panel A) and JEASE-1 (Right Panel B)

Source: Summary of Clinical Efficacy

UGE Results
Data from T1DM: As evident from the HbA1c results above, despite similar study designs, the
results from J-EASE-1 and EASE-1 were different. In EASE-1, it appears empagliflozin 10 and 25
mg elicited a “saturated” PD response with respect to UGE. In J-EASE-1, a saturated effect on
UGE was not elicited by 10 or 25 mg.
The FDA reviewer conducted exploratory E-R analyses of UGE using pooled data from J-EASE-1
and EASE-1. The dose eliciting the half-maximal effect (i.e. EC50) was estimated to be 1 mg with
a 95% confidence interval corresponding to a 0.5 to 1.5 mg. Based on this analysis, 2.5 mg is
expected to provide more than half of the maximum UGE, but since 2.5 mg is not on the
“plateau” of exposure-response, increases or decreases from this dose would be expected to
have an appreciable effect on UGE (Figure 3).
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Figure 3: Model Predicted Exposure-Response Relationship for UGE

Source: Reviewer’s Independent analysis. Gray bands represent 95% Confidence interval, determined by non-parametric bootstrap with 200
repeats. Horizontally positioned boxplots represent observed exposures per treatment arm in EASE-1 and J-EASE-1

UGE Results for 2.5 mg Dose in T1DM in the Context of Prior Experience in T2DM: Based on
the dose-response results for UGE in T1DM and T2DM in Figure 4, the net effect on UGE of
empagliflozin 2.5 mg in patients with T1DM (EASE-1 trial) appears to match to the UGE changes
observed with empagliflozin 10 and 25 mg doses in patients with T2DM (trial 1245.2).
Figure 4: Urinary Glucose Excretion by dose (EASE-1 and T2DM Program)

Source: Summary of Clinical Efficacy
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Due to the small study sizes, variability of the data, and potential confounding with eGFR and
body weight, the FDA reviewer conducted additional E-R analysis using pooled data from EASE1 and J-EASE-1 and PK-UGE data from the T2DM program to further explore the potential
difference in E-R for UGE between T1DM and T2DM. Overall, the effect of empagliflozin on UGE
appears consistent between T1DM and T2DM patients, assuring consistency in primary
mechanism of action.
After adjusting for differences in body weight and eGFR, the estimate for exposure eliciting half
maximal effect (AUC50) was numerically smaller in T1DM compared to that in T2DM, with 194
nmol*h/L (95% CI: 96-293) in T1DM versus 272 nmol*h/L (95% CI: 127-418) in T2DM,
respectively. The estimate for Emax (maximal effect on UGE) was 17% higher in T1DM patients
than that in T2DM patients.

Exposure-Response Modelling and Simulation to Provide Supportive
Evidence of Efficacy
Key Considerations
In phase 3 trials conducted in the T1DM population, which are typically managed with daily
insulin intake, empagliflozin treatment initiation was associated with a unique aspect of insulin
dose reduction in addition to the UGE escalation, which need due consideration in
understanding the HbA1c effect of empagliflozin in this population regardless of the approach
e.g., empirical or mechanistic.

Reduction in Concomitant Insulin Dose Following Empagliflozin Treatment
Initiation
In phase 3 studies EASE-2 and EASE-3, initiation of empagliflozin treatment was associated with
a (within 1 week) sustained concomitant insulin reduction (Figure 5). The 10 and 25 mg doses
resulted in 10 to 15% mean reduction in insulin utilization, and the 2.5 mg dose resulted in
approximately 5 to 10% mean insulin reduction.
The insulin reductions related to empagliflozin treatment, unique to T1DM, could directly
oppose the effect of UGE on HbA1c. This poses challenges in direct extrapolation of efficacy
from T2DM to T1DM patients. Further, the clinical meaningfulness of reaching the same HbA1c
with less insulin by the addition of empagliflozin is uncertain.
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Figure 5: Insulin Dose Change from Baseline (%), Pooled EASE-2 + EASE-3

Source: Reviewer’s plot. Daily insulin utilization data from addiary.xpt was averaged by treatment arm and week. Baseline was determined as
an average of all observations prior to randomization. Missing data was omitted. Colored bands represent +/- SE from patient-level data.

To provide additional evidence of efficacy in support of the empagliflozin 2.5 mg dose
independent of data from EASE-3, the Applicant proposed E-R modeling and simulation to
predict the placebo-corrected change from baseline for empagliflozin 2.5 mg dose in the study
population of EASE-2 for up to 52 weeks. Data from EASE-1 and EASE-2 were used to develop
the model, and data from EASE-3 was used for external validation of the model.
The Applicant used an informative Bayesian prior from an E-R analysis on FPG and HbA1c in
T2DM patients (i.e., EC50, 706 nmol/L, approximately 3.5 mg), to help inform the EC50 of the ER relationship for HbA1c reduction in T1DM patients. Even though we believe the assumed
exposure-response relationship introduced by this modeling approach is adequate, use of an
informative Bayesian prior raises uncertainty in the modeling approach.
Accordingly, the reviewer conducted a sensitivity analysis using the Applicant’s data set without
use of a Bayesian prior. The model was used to predict the 26-week, placebo-corrected,
change from baseline in HbA1c for a 2.5 mg dose for a typical patient in EASE-2 [adult male,
using concomitant multiple daily insulin injections (rather than a pump), with a body weight of
82 kg, eGFR of 98 mL/min, and with a baseline HbA1c of 8.1%]. The model predicted an
estimate of -0.43 (95% CI -0.31 to -0.52) in this scenario.
The reviewer also considered the worst-case-scenario estimate (lower bound of the 95% CI of
the model prediction). The median estimate in HbA1c change from baseline at 26 weeks was 0.23 and the 95% CI was -0.38 to -0.05. This estimate is numerically smaller but generally in line
with the Applicant’s estimate from M-EASE-2 and the observed effect from EASE-3.
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Clinical Summary
Overview of the development program
The Applicant conducted a total of 5 clinical trials in support of the empagliflozin development
program for T1DM, which included two phase 3 studies (EASE-2 and EASE-3) and three phase 2
studies. The phase 2 studies include the dose-finding studies EASE-1 and J-EASE-1, and these
included the 2.5 mg dose. Refer to Design of Phase 2 Studies in T1DM section for an overview of
the phase 2 studies.
Table 1: Phase 3 Studies in the empagliflozin development program for T1DM
Study ID

EASE-3
Pivotal study in
support of the
safety and
efficacy of the
proposed dose
empagliflozin
2.5 mg

EASE-2

Trial Design

Double-blind
empagliflozin vs.
placebo as
adjunct to
“optimized”
insulin in adults
with T1DM

Double-blind
empagliflozin vs.
placebo as
adjunct to
“optimized”
insulin in adults
with T1DM

Treatment arms
and number of
randomized
patients
Empa 2.5 mg once
daily/242 patients
Empa 10 mg once
daily/248 patients
Empa 25 mg once
daily/245 patients
Placebo once
daily/242 patients
Empa 10 mg once
daily/243 patients
Empa 25 mg once
daily/244 patients

Treatment Duration/
Follow Up

Study
Population

6-week T1DM therapy
optimization period,
2-week placebo run-in
period, 26-week
treatment period; 3
weeks follow-up
following end of
treatment period

Multinational,
adult T1DM with
HbA1c 7.510.0%, BMI ≥
18.5 kg/m2, TDID
0.3-1.5 U/kg at
baseline, eGFR
≥30 ml/min/1.73
m2

Same as above,
except that the
duration of treatment
period was 52 weeks

Same as above

Placebo once
daily/243 patients

T1DM=Type 1 diabetes mellitus; TDID=total daily insulin dose; empa=empagliflozin; BMI=body mass index; eGFR=estimated glomerular
filtration rate; Source: Reviewer generated table

EASE-3 Study Design and Endpoints
The EASE-3 trial was a phase 3, randomized (1:1:1:1), double-blind, placebo-controlled, parallelgroup study testing the empagliflozin 25 mg, 10 mg, and 2.5 mg dosage levels added on to
insulin therapy over 26 weeks. EASE-3 was a global trial conducted across 189 sites in 24
countries. Prior to randomization, patients entered a 6-week insulin therapy optimization
phase, followed by a 2-week open-label placebo run-in period. Patients who successfully
completed both periods and who still satisfied the inclusion/exclusion criteria were randomized
into the 26-week double-blind treatment period. Patients had a follow-up visit 3 weeks after
the end of the trial.
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Patients must have been receiving insulin for T1DM for at least 1 year at screening, and HbA1c
was to be between 7.5% and 10%, BMI ≥18 kg/m2, and eGFR ≥ 30 mL/min/1.73 m2 at the start
of the run-in period. Patients were also carefully selected; investigators had to ensure that
patients selected for the trial were capable of managing the adjustment of their insulin therapy
when at home, including a ‘sick day’ management plan and were reliable to contact the
investigator for advice. Patients were advised to use carbohydrate counting for adjusting meal
dose insulin. Randomization was stratified by baseline (visit 5) HbA1c (<8.5, >8.5) and eGFR,
method of insulin delivery (pump or injections), and by participation in the CGM sub-study.
The trial design for EASE-3 is depicted in Figure 6:
Figure 6: Study design of the EASE-3 trial

Source: Clinical Trial Report (CTR) for EASE-3, page 53

About 20% of the patients participated in an optional CGM sub-study at selected sites
experienced with use of CGM. These patients underwent 4 CGM assessment periods of 2 weeks
each (Week -2 to -1, Week 1 to 2, Week 3 to 4, and Week 25 to 26).
The primary endpoint was change from baseline in HbA1c at Week 26.
The key secondary endpoints were:
• Rate per patient-year of symptomatic hypoglycemia with investigator-confirmed plasma
glucose <54 mg/dL and/or positively adjudicated severe hypoglycemia
• Change from baseline at Week 26 in
o Body weight
o Total daily insulin dose
o Systolic blood pressure (SBP)
o Diastolic blood pressure (DBP)
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This document focuses on presenting the analyses of the proposed dose empagliflozin 2.5 mg
compared to placebo tested in study EASE-3. However, the Applicant also submitted trial EASE2. EASE-2 was a phase 3, multi-center, randomized (1:1:1), double-blind, placebo-controlled, 3arm, parallel group study testing the empagliflozin doses 10 and 25 mg in the adult population
over 52 weeks, which are not the proposed marketing dose. The trial design (other than the
length of the trial and number of arms), patient entry criteria, primary objective, and primary
and secondary endpoints were similar to EASE-3 as described above.

Glycemic management during EASE-3
At randomization, to avoid hypoglycemia investigators were to advise patients with an HbA1c
7.5 to < 8% to reduce their total daily insulin dose by 10%, and for patients with HbA1c ≥ 8%, to
adjust the patient’s total insulin dose based on need and as assessed by self-measured blood
glucose (SMBG). Investigators could make insulin adjustments to both basal and bolus insulin as
needed throughout the trial according to local guidelines to aim for the best standard of care.
Other than the recommendations for initial insulin reduction at the start of the randomized
drug, there were no protocol-defined algorithm for insulin adjustment or blood glucose target
in the trials, although any insulin dose adjustment had to be based on laboratory tests or
SMBG.

Summary of Efficacy
Refer to Summary of Efficacy section of this review for an overview of the EASE-3 study design
and endpoints.

Patient Demographics
The demographic characteristics of patients in EASE-3 are summarized in Appendix A:
Demographics. At screening, patients mean HbA1c was approximately 8.7%, and following the
insulin optimization period, the mean HbA1c at randomization (baseline) was approximately
8.2%. The mean age at baseline was 43 years, 51% were female, 94% were White, mean BMI
was 28 kg/m2, and 67% had eGFR ≥ 90 mL/min/m2. Baseline demographics were generally wellbalanced between treatment groups. There was no meaningful difference in baseline insulin
dosing in U/kg or insulin delivery method across treatment groups. For study demographics for
EASE-2 also refer to Appendix A: Demographics. Demographic characteristics were largely
similar between EASE-3 and EASE-2.

Protocol Specified Control of Type-I Error
The testing procedure for EASE-3 is depicted in Figure 7 below (similar for EASE-2, however not
shown). From Figure 7, the superiority in change in HbA1c for empagliflozin 25mg and 10mg
dosage levels was to be tested first, followed by 2.5mg. If superiority in change in HbA1c for
empagliflozin 2.5mg was demonstrated, then the secondary endpoints of body weight,
reduction in hypoglycemic adverse events, total daily insulin dose, systolic and diastolic blood
pressure would be tested in only the empagliflozin 25 mg and 10 mg dosage levels.
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Figure 7: Hierarchical testing procedure for the EASE-3 trial

Source: CTR for EASE-3, page 92

Data capture
Table 2 summarizes data capture for the 2.5 mg dose group and placebo group in EASE-3.
Missing data was generally low (3.3% for empagliflozin 2.5 mg arm and 7.9% for placebo arm).
Refer to Appendix B: EASE-2 (26 weeks) Efficacy Results for a summary of data capture for
EASE-2 (missing data was 5.2% for EASE-2) and Appendix C: Additional EASE-3 Efficacy Results
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for Empagliflozin 10 mg and 25 mg doses for summary of data capture for empagliflozin 25 mg
and 10 mg in EASE-3.
Table 2: Summary of data capture for EASE-3
Randomized and took at least one dose [n]
Captured week 26 data [n(%)]
On treatment [n(%)]
Off treatment (Retrieved drop-out) [n(%)]
Missing week 26 data [n(%)]
On treatment [n(%)]
Off treatment [n(%)]

Placebo
241
222 (92.1)
217 (90.0)
5 (2.1)
19 (7.9)
1 (0.4)
18 (7.5)

Empa 2.5 mg
241
233 (96.7)
225 (93.4)
8 (3.3)
8 (3.3)
1 (0.4)
7 (2.9)

Source: Response Document to Information Request dated 7/8/19, page 11

Statistical Efficacy Analysis Results
Results for the primary endpoint
Table 3 summarizes the efficacy results for the primary endpoint for empagliflozin 2.5 mg in
EASE-3. The Applicant’s pre-specified analysis population were all patients who were treated
with at least one dose of study treatment who had a baseline and at least one on-treatment
HbA1c measurement. The model used was the Mixed Model Repeat Measurement (MMRM).
We do not agree with the use of the MMRM since it relies on the assumption that changes in
HbA1c for those with missing data would be similar to those on the same treatment arms with
complete data. Further, we believe the analysis should be performed on the treated set (TS)1
population, and all observed data should be used regardless of treatment discontinuation or
start of rescue therapy.
Therefore, we requested the Applicant to perform a multiple imputation (500 datasets) “washout” analysis using the TS and all available data. In the washout analysis, patients on
empagliflozin with missing week 26 HbA1c measurements have their missing values imputed
using observed week 26 HbA1c measurements from placebo completers while ignoring all
intermediate HbA1c measurements. For patients on placebo with missing week 26
measurements, values were imputed assuming missing at random and using all available data,
including intermediate measurements from placebo completers. An ANCOVA is run on each
imputed dataset with treatment, baseline eGFR, baseline HbA1c, and baseline pre−existing
insulin therapy as factors and covariates used in the model. With this methodology the
observed reduction in change in HbA1c for empagliflozin 2.5 mg compared to placebo is -0.26%.
We recognize that this is a conservative estimate. Refer to Appendix B: EASE-2 (26 weeks)
Efficacy Results for primary efficacy results for EASE-2 and to Appendix C: Additional EASE-3
Efficacy Results for Empagliflozin 10 mg and 25 mg doses for primary efficacy results for
empagliflozin 25 mg and 10 mg for EASE-3, using the same “wash-out” methodology.
1

All subjects who were treated with at least one dose of study treatment
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Table 3: Efficacy results for HbA1c (%): EASE-3
Empa 2.5mg

Placebo

241

241

8.15 (0.04)

8.19 (0.04)

LS Mean (SE)
Comparison to
Placebo

-0.05 (0.05)

0.20 (0.05)

LS Mean (SE)

-0.26 (0.07)

95% C.I.

(-0.39, -0.12)

N
Baseline mean (SE)
Change from baseline

Source: Response Document to Information Request dated 7/8/19; Appendix: page 30 and Statistical Reviewer’s Analysis

In Figure 8: HbA1c and total insulin over time: EASE-3
below, mean HbA1c and insulin dose (based off completers) are plotted over time. As the trial
progressed, there was a small reduction in insulin dose in the placebo arm of approximately 1
unit, while there was a reduction of approximately 5 units for the treatment group. The
increase in HbA1c from baseline demonstrated by the placebo arm, and the trend towards
increase in both groups after week 4 may possibly be due to loss of adherence to strict insulin
and lifestyle management after the insulin optimization period. A similar pattern is observed in
EASE-2. Refer to Appendix B: EASE-2 (26 weeks) Efficacy Results. However, the observed
increase in HbA1c after week 4 is accompanied by only a very small reduction in total daily
insulin dose, hence the reason for the overall pattern is unclear. In addition, whether or not it is
‘beneficial’ to reach a given HbA1c with less insulin by adding empagliflozin, in the absence of
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other benefits, e.g. hypoglycemia reduction, is not clear. Further, it is not clear if the HbA1c
trend is flattened out by Week 26, and data beyond Week 26 are unavailable for this trial.
Figure 8: HbA1c and total insulin over time: EASE-3

Source: Statistical Reviewer’s Analysis

Results for Secondary Endpoints
Since secondary endpoints for empagliflozin 2.5 mg were not included in the testing hierarchy,
and the 25 mg and 10 mg dosage levels are not being proposed for treatment of T1DM, the
results for body weight, hypoglycemia, daily insulin dose, and blood pressure are presented
below in an exploratory fashion. As with the primary analysis, the results presented below were
performed on the TS population using all observed data.

Hypoglycemia
Table 3 and Table 3 summarize the results for the number of patients experiencing and the rate
of investigator-reported symptomatic hypoglycemic adverse events with confirmed plasma
glucose < 54 mg/dL and/or severe hypoglycemic events confirmed by adjudication.
Table 6 and Table 7 summarize the results for the number of patients experiencing and the rate
of severe hypoglycemic events confirmed by adjudication. The event rate ratios and
corresponding confidence intervals in Table 3 and Table 7 were estimated using a negative
binomial model (using a log link) which included treatment, baseline eGFR, baseline HbA1c,
27

baseline incidence rate of hypoglycemia (Table 3 only), baseline pre-existing insulin therapy as
factors and covariates, and log (Time at risk [days]) as an offset variable.
Based on the results, we conclude that empagliflozin 2.5 mg neither increases nor decreases
the risk of investigator-reported symptomatic hypoglycemic adverse events with confirmed
plasma glucose < 54 mg/dL and/or severe hypoglycemic events and considering severe
hypoglycemic events alone. The same model(s) was used for analyses of hypoglycemia for the
EASE-2 trial shown in Appendix B: EASE-2 (26 weeks) Efficacy Results. Refer to Appendix C:
Additional EASE-3 Efficacy Results for Empagliflozin 10 mg and 25 mg doses for results for 25
mg and 10 mg for EASE-3.
Table 4: Patients with symptomatic hypoglycemic and/or severe hypoglycemic events from
week 1 to week 26: EASE-3
Empa 2.5mg

Placebo

241

241

122 (50.6)

126 (52.3)

N
# of patients with ≥ 1 episode (%)
Comparison to Placebo

0.936

Odds Ratio
95% C.I.

(0.652, 1.344)

Source: Statistical Reviewer’s Analysis

Table 5: Rate of symptomatic hypoglycemic and/or severe hypoglycemic events from week 1
to week 26: EASE-3
Empa 2.5mg

Placebo

N

241

241

# of events

1088

1468

Adjusted event rate (per patient year)

6.02

6.40

Comparison to Placebo
Adjusted event rate ratio (SE)

0.940 (0.149)

95% C.I.

(0.689, 1.283)

Source: CTR for EASE-3 (Page 1017) and Statistical Reviewer’s Analysis

Table 6: Patients with severe hypoglycemia events from week 1 to week 26: EASE-3
N
# of patients with ≥ 1 SH episode (%)

Empa 2.5mg

Placebo

241

241

3 (1.2)

8 (3.3)

Comparison to Placebo
Odds Ratio
95% C.I.

0.357
(0.093, 1.365)

Source: Statistical Reviewer’s Analysis
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Table 7: Rate of severe hypoglycemic events from week 1 to week 26: EASE-3
N
# of events
Adjusted event rate (per 100 patient years)

Empa 2.5mg

Placebo

241

241

9

8

3.56

4.21

Comparison to Placebo
Adjusted event rate ratio (SE)

0.846 (0.616)

95% C.I.

(0.203, 3.521)

Source: Response Document to IR dated 10/17/19 (Page 9) and Statistical Reviewer’s Analysis

Body weight-EASE-3
Table 8 below summarizes the results for body weight, where the multiple imputation “washout” analysis was performed. Compared to placebo, body weight loss for empagliflozin 2.5 mg
group is 1.77 kg. For efficacy results for body weight for EASE-2 refer to Appendix B: EASE-2 (26
weeks) Efficacy Results and refer to Appendix C: Additional EASE-3 Efficacy Results for
Empagliflozin 10 mg and 25 mg doses for results for 25 mg and 10 mg for EASE-3.
Table 8: Efficacy results for body weight (kg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 2.5mg
241
81.39 (0.94)

Placebo
241
80.92 (1.10)

-1.54 (0.21)

0.23 (0.21)

-1.77 (0.29)
(-2.34, -1.20)

Source: Response Document to IR dated 7/8/19 (Appendix: Page 34) and Statistical Reviewer’s Analysis

Blood pressure
Table 9 and Table 10 below summarize the results for change in systolic and diastolic blood
pressure where the multiple imputation “wash-out” was performed. There is a reduction of 2.01 mmHg in systolic blood pressure and a reduction of -0.35 mmHg in diastolic blood pressure
for empagliflozin 2.5 mg dose compared to placebo. Results for systolic and diastolic blood
pressure reduction in EASE-2 are shown in Appendix B: EASE-2 (26 weeks) Efficacy Results and
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refer to Appendix C: Additional EASE-3 Efficacy Results for Empagliflozin 10 mg and 25 mg doses
for results for 25 mg and 10 mg for EASE-3.
Table 9: Results for systolic blood pressure (mmHg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 2.5mg
241
123.48 (0.93)

Placebo
241
120.63 (0.96)

-1.74 (0.64)

0.27 (0.65)

-2.01 (0.91)
(-3.80, -0.22)

Source: Statistical Reviewer’s Analysis

Table 10: Results for diastolic blood pressure (mmHg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 2.5mg
241
75.19 (0.57)

Placebo
241
74.70 (0.58)

-0.43 (0.42)

-0.08 (0.43)

-0.35 (0.60)
(-1.53, 0.82)

Source: Statistical Reviewer’s Analysis

Responder analysis
Table 11 below displays the number and proportion of patients achieving treatment goal of
HbA1c less than 7.0% at week 26. Numerically, more patients achieved treatment goal in
empagliflozin 2.5mg compared to placebo, although rates were low in both groups. For
responder analysis for EASE-2 trial refer to Appendix B: EASE-2 (26 weeks) Efficacy Results and
refer to Appendix C: Additional EASE-3 Efficacy Results for Empagliflozin 10 mg and 25 mg doses
for results for 25 mg and 10 mg for EASE-3.
Table 11: Proportion of patients achieving HbA1c < 7.0% at week 26: EASE-3

n[%]

Empa 2.5mg
(N=241)

Placebo
(N=241)

14 (5.81)

4 (1.66)

Source: Statistical Reviewer’s Analysis

CGM related endpoints
Continuous glucose monitoring (CGM) data were collected in the EASE-3 trial. For EASE-3, only
a portion of patients (196 out of 975 [20.1%]) participated in the CGM sub-study at 4
designated periods of the trial: Placebo run-in to baseline, week 1 to 2, week 3 to 4 and week
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25 to 26. However, of the 196 patients who had had baseline CGM data, the total number of
patients used in the analyses decreased to 155, 152, and 132 for week 1 to 2, week 3 to 4, and
week 25 to 26, respectively. Analyses were performed using observed cases excluding data
after use of acetaminophen, due to effects on accuracy of CGM readings.
Since only data were collected for a fraction of patients and missing data was not addressed,
the results are described for exploratory purposes only.
For EASE-2, the intent was to have all patients participate in CGM use in 3 designated periods:
Placebo run-in to baseline, week 23 to 26 and week 49 to 52. Most of the patients in the TS
(723 out of 730 (or 99%)) had baseline CGM data, however, the Applicant’s analyses at week 26
included only 559 of patients. Further, like EASE-3, the analyses were performed using observed
cases excluding data after use of acetaminophen. Refer to Appendix B: EASE-2 (26 weeks)
Efficacy Results for EASE-2 results and to Appendix C: Additional EASE-3 Efficacy Results for
Empagliflozin 10 mg and 25 mg doses for results for time spent in range for 25mg and 10mg for
EASE-3 and time spent in hyperglycemia and hypoglycemia for 25 mg, 10 mg, and 2.5 mg for
EASE-3.

Time spent in target glucose range (>70 to ≤180 mg/dL)
Table 12 below displays the results for time spent in the glucose range of >70 to ≤180 mg/dL.
Numerically, empagliflozin 2.5 mg increases the patients’ time spent in the target glucose range
compared to placebo. At each period, there was an increase in time spent in the target glucose
range for empagliflozin 2.5mg compared to baseline. In comparison to placebo, at week 1 to 2,
the increase was 2.08 hours per day, while at week 3 to 4, the increase was 1.85 hours per day.
At week 25 to 26, the increase was approximately 1 hour per day compared to placebo. These
differences were driven by less time spent in the ‘high’ range with little impact on low glucose
values.
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Table 12: Time spent in target glucose range (>70 to ≤180 mg/dL): EASE-3
N
Baseline mean (SE) [% per day]
Baseline mean (SE) [hours per day]
Week 1 to 2
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.
Week 3 to 4
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.
Week 25 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.

Empa 2.5mg
46
48.51 (1.68)
11.64 (0.40)

Placebo
48
42.82 (1.72)
10.28 (0.41)
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9.84 (1.39)

1.18 (1.43)

8.65 (2.01)
(4.69, 12.62)
2.36 (0.33)

0.28 (0.34)

2.08 (0.48)
(1.12, 3.03)
36
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6.01 (1.67)

-1.72 (1.74)

7.73 (2.43)
(2.93, 12.52)
1.44 (0.40)

-0.41 (0.42)

1.85 (0.58)
(0.70, 3.01)
36

26

4.83 (1.74)

0.55 (1.97)

4.28 (2.63)
(-0.92, 9.48)
1.16 (0.42)

0.13 (0.47)

1.03 (0.63)
(-0.22, 2.27)
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MMRM was used and included baseline time in the target range, baseline HbA1c, and baseline eGFR as linear covariates and baseline preexisting insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in the target range-by-visit interaction as fixed
effects. Source: CTR for EASE-3, page 140

There was a decrease in time spent in hyperglycemia for empagliflozin 2.5mg compared to
baseline for each period. In comparison to placebo, at week 1 to 2, the decrease was
approximately 2.5 hours per day, while at week 3 to 4, the decrease was approximately 1.7
hours per day. At week 25 to 26, the decrease was 1.2 hours per day compared to placebo.
For time spent in hypoglycemia (≤ 70 mg/dL), empagliflozin 2.5mg does not appear to increase
or decrease the patients’ time spent in hypoglycemia compared to placebo. Specifically, at
week 1 to 2, empagliflozin 2.5 mg had no change in time spent in hypoglycemia from baseline,
while in comparison to placebo, there was an increase of 0.32 hours per day. At week 3 to 4,
there was a decrease of 0.23 hours per day from baseline in empagliflozin 2.5 mg, and placebo
had approximately no change in time spent in hypoglycemia from baseline. At week 25 to 26,
there was a decrease of 0.16 hours per day from baseline in empagliflozin 2.5 mg, while in
comparison to placebo, there was an increase of approximately 0.1 hours per day.

Subgroup analyses
Subgroup analyses were performed in EASE-3 based on the “wash-out” multiple imputation
data used in the primary analysis for HbA1c. The subgroup and categories explored were Sex
(Male; Female), Age (<65; ≥ 65), and Race (White; Non-White). For the age and sex subgroups,
there are no significant interactions whereas in the race subgroup there was. In the placebo
arm among non-whites, there was an increase of 0.88% from baseline. One possible
explanation is since the number of non-white patients is small, the observed increase in HbA1c
in this small subgroup is due to a random high and hence may not be reliable. Refer to
Appendix C: Additional EASE-3 Efficacy Results for Empagliflozin 10 mg and 25 mg doses for the
subgroup analyses results.

Summary of Safety
Methods
In the empagliflozin development program for T1DM, DKA was an Adverse Event of Special
Interest (AESI). Possible DKA events were adjudicated by a Clinical Events Committee (CEC).
Events were classified as ‘Definite’, ‘Potential’, ‘Unlikely Ketoacidosis but Ketosis’, or ‘Unlikely’.
No statistical hypotheses were pre-specified for DKA, therefore DKA analyses presented in this
document are descriptive.
Additional AESIs were identified by the Applicant based on review of labelled safety concerns
for empagliflozin and other SGLT2 inhibitors approved for T2DM. The Applicant designated
severe hypoglycemia, lower-limb amputations, hepatic injury, and decreased renal function as
AESIs in the empagliflozin development program for T1DM. The Applicant identified “other
specific adverse events” as hypoglycemic events, urinary tract infections, acute pyelonephritis,
sepsis, asymptomatic bacteriuria, genital infection, bone fracture, volume depletion, and
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malignancy.
In the empagliflozin development program for T1DM, independent clinical event committees
(CECs) performed central, blinded adjudication of adverse events related to ketoacidosis,
severe hypoglycemia, cardiovascular/neurological events, and hepatic events.
The Applicant’s analysis of adverse events generally was based on the treated set (safety
population) which included events that occurred following the first dose of randomized trial
medication until 7 days after end of treatment period. However, there were exceptions; the
Applicant analyzed adverse events related to malignancy, bone fractures, and lower-limb
amputations up to the end of the trial (last patient contact), hypoglycemia was analyzed until
treatment stop +1 day, and hepatic injury events were analyzed up to 30 days after the last
dose of study medication. The rationale for this approach is unclear. Patients were assigned to
the treatment group as randomized, unless stated otherwise. The standard medical dictionary
for regulatory activities (MedDRA) terms were used to perform searches for potential adverse
events.

Safety Findings
In the empagliflozin 2.5 mg group the mean duration (standard deviation) of exposure was
177.1 (29.7) days and the total exposure was 116.9 patient-years. This amount of exposure is
relatively small for a phase 3 program. The FDA does not consider it reasonable to pool 10 mg
and 25 mg safety exposure with the 2.5 mg safety database for the purposes of assessing DKA
risk because of the apparent dose-dependency of the risk.

Deaths
In the empagliflozin development program for T1DM there was one death during the treatment
period of study EASE-3 in a patient exposed to empagliflozin 25 mg for 110 days. The patient
died due to complications of diabetic ketoacidosis. The patient took the last dose of study drug
on the day before she died. Below is a narrative for this patient:
•

A 28-year-old female diagnosed with T1DM at age 4 and treated with an insulin pump
with no history of DKA in past 10 years was randomized to empagliflozin 25 mg in EASE3. On study day 106 the patient developed flu-like symptoms, fever, loss of appetite and
facial pain localized to the sinuses. The symptoms continued through the next day
(study day 107) when BHB was 4.6 mmol/L and blood glucose was 245 mg/dL, which
was thought to be due to an omitted dose of insulin. The patient had no symptoms of
ketoacidosis. The investigator was informed and instructed the patient to hydrate with
over 3 liters of fluid and control glucose and ketone levels. Of note, this event was
adjudicated as “unlikely ketoacidosis but ketosis”. On study day 108 the patient was
distracted due to an exam and was not able to monitor blood glucose and ketone
values. The patient responded to the investigators by text message later on study day
108 that her blood glucose was 96 mg/dL, BHB 2.1 mmol/L. The investigator texted the
patient to keep on controlling blood glucose levels but did not stop the empagliflozin.

34

No further interaction between the patient and the investigator occurred after this time.
The blood ketone levels further decreased to BHB 1.9 mmol/L and blood glucose 169
mg/dL. However, her blood glucose increased again (315 mg/dL) later in the night on
study day 108 which was the last entry from the study meter into the patient e-diary.
On study day 109, the patient developed severe emesis after lunch along with BHB 6.3
mmol/L and blood glucose 190 mg/dL (the data was not transferred to the e-diary but
obtained from the meter). The patient visited the ER in the afternoon of study day 109.
She reported vomiting and blood glucose of 100 mg/dL and that she self-treated the
infection with probiotics, Theraflu, and herbs. The patient was diagnosed with sinusitis
and treated with Reglan and Ringer's lactate intravenous fluid and was discharged with
a prescription for antibiotics, decongestant nasal spray, antiemetic, and ibuprofen
(glucose at time of discharge was 250 mg/dL after soda intake). The patient reportedly
did not inform the ER regarding the high BHB levels or participation in the study, and the
ER did not measure ketones. The ER physician recommended her to follow-up at the
outpatient clinic. Later in the evening on the same day (study day 109), the patient
developed more emesis with abdominal pain (blood glucose 300 mg/dL). Paramedics
were called who on examination found her to have a Glascow coma scale of 15/15,
normal vital signs, and blood glucose 337 mg/dL. Upon examination she was conscious,
oriented, with no signs of dehydration or fruity smell from her mouth. The patient
received antispasmodics and a nonsteroidal anti-inflammatory drug. The paramedics
recommended hospitalization, however the patient refused. At midnight on study day
110 the patient’s ketone value was again elevated at 6.1 mmol/L and the patient was
reported with a SAE of diabetic ketoacidosis. According to the investigator during the
last 24 hours patient had received 4 units of insulin infusion by the pump. However due
to confusion she had lost track of the insulin which was considered as the precipitating
factor for diabetic ketoacidosis. The narrative is unclear what instructions were given to
the patient. The patient developed severe nausea, vomiting throughout the night. In the
morning at 8:00 AM on study day 110 the blood glucose was 500 mg/dL. One hour later,
her husband called an ambulance as her condition deteriorated. She showed confusion,
drowsiness, obnubilation, and progressive reduction of level of consciousness. The
paramedics including the ER physician arrived. On examination the blood glucose was
457 mg/dL, she was dehydrated with a Glasgow coma scale of 15/15, tachycardic (120
bpm). An IV line was placed however no medication was administered. Subsequently at
9:37 AM she was transported to the next regional hospital and admitted. During the
transport she was in a stable condition and conscious. Upon admission she was noted to
exhibit Kussmaul breathing with a very dry and sluggish tongue. Insulin drip was
initiated, and the insulin pump was stopped. She further received antibiotics and
sodium chloride with glucose. Laboratory values at 10:30 AM showed a severe
metabolic acidosis (pH=6.96, bicarbonate= 4.4 mmol/L), creatinine 2.16 mg/dL, and
potassium= 5.7 mmol/L. No action was taken with the study drug due to diabetic
ketoacidosis. At the hospital at around 10 AM the patient received intravenous fluids,
electrolytes, insulin drip, bicarbonate infusion, antiemetic and antibiotics. Treatment
was continued during the day when at about 10 PM the patient developed bradycardia.
CPR was initiated, and a heartbeat was detected after 40 minutes. Mechanical
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ventilation was started, however the patient developed bradycardia again with a run of
ventricular fibrillation. The heartbeat was restored again (heart rate 126 bpm and blood
pressure 90/50 mmHg) by medications. The patient was transferred to the intensive
care unit, however the heart rate dropped again, and another round of CPR was
initiated. An echocardiography showed the “image of a dying heart”. A third CPR
attempt for about 30 minutes was not successful and the patient died on study day 111
at around midnight due to cardiac arrest and respiratory arrest secondary to DKA.
An autopsy showed a post-myocardial infarction scar at the border of the posterior wall
of the left ventricle and interventricular septum, and a suspected fresh ischemic lesion
near the scar was observed. Hyperemia of the internal organs, pulmonary edema, and
cerebral edema with herniation of cerebellar tonsils into the occipital foramen were also
noted. The findings established the cause of death as circulatory-respiratory failure
secondary to metabolic disturbances caused by decompensated T1DM with cerebral
edema and herniation of cerebellar tonsils into the occipital foramen.

Serious Adverse Events
In EASE-3, the incidence of treatment-emergent serious adverse events2 (SAE), was balanced
between empagliflozin 2.5 mg (13 events [5.4%]) and the placebo group (16 events [6.6 %]). See
Table 13. No new safety signals (beyond what is known from the T2DM development program
for empagliflozin) were identified in this analysis. The events of diabetic ketoacidosis, ketosis,
acetonemia, and ketoacidosis were DKA events sent to the CEC for adjudication and are further
discussed in the section below.

2

A Serious Adverse Event was defined as any adverse event which resulted in death, was immediately life-threatening, resulted in persistent or
significant disability/incapacity, required or prolonged patient hospitalization, was a congenital anomaly/birth defect, or was to be deemed
serious for any other reason.
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Table 13: Incidence of SAEs by PT, EASE-3, safety population

Source: created by CDER’s data support team, ADAM data

Of these reported SAEs, those that led to study drug withdrawal in the empagliflozin 2.5 mg
group included the Preferred Terms (PT) gangrene, diabetic ketoacidosis, angina unstable, and
acetonemia, while no PT in the placebo group led to withdrawal of study drug. Note that the
event associated with the PT gangrene was related to an adverse event of worsening wound of
the diabetic foot requiring antibiotics and a trans-metatarsal amputation of the 5th toe of the
right foot.
Refer to Appendix D: SAE by MedDRA Preferred Term, EASE-2 for the incidence table for SAEs
by PT in EASE-2.

Diabetic Ketoacidosis
Instructions for avoidance of DKA in the empagliflozin development program
All patients were provided with a point-of-care blood glucose monitoring device/meter which
was also capable of measuring blood ketones. Patients were advised to capture ketone and
glucose measurements and symptoms suggestive of DKA in an electronic diary. Patients were
advised to test their ketones in case of symptoms of ketoacidosis (e.g. nausea, vomiting,
abdominal pain), irrespective of the glucose value, as well as for repeatedly elevated blood
glucose values. Patients were educated about the signs and symptoms of ketoacidosis, the
interpretation of ketone values measured via the meter and actions to take for high ketone
levels. Patients were instructed to seek medical care for BHB>1.5 mmol/L. Investigators and
patients were trained on the risk of DKA including the atypical DKA presentation and caution on
insulin dose reduction. During the run-in period and the first 4 weeks of treatment, patients
were advised to measure fasting ketone levels daily to provide baseline information.
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DKA case identification
The Applicant utilized ‘trigger’ and ‘non-trigger’ events to identify possible diabetic ketoacidosis
events. The trigger events included the DKA events identified by the investigator (captured in
the eCRF), pre-defined MedDRA PTs indicative of ketoacidosis or acetonemia. Refer to Appendix
F: MedDRA preferred terms, trigger search terms for DKA and CEC’s diagnostic criteria for DKA
adjudication. or a BHB value >1.5 and <3.8 mmol/L accompanied by symptoms suggestive of
ketoacidosis or hospitalization, or a BHB value ≥3.8 mmol/L from the laboratory or investigatorconfirmed measurement from the patient’s e-diary. The Applicant categorized BHB values
between ˃1.5 and ˂3.8 mmol/L (or an elevated urine ketone in absence of a BHB) without
accompanying typical ketoacidosis symptoms, hospitalization or SAE reporting, as “ketosis”,
and these events were not to be sent for adjudication. The non-trigger events included a
periodic review (minimum of twice a year) of adverse events utilizing pre-defined MedDRA PTs,
as well as a review of any urine ketone values that may have been collected over the course of
the trial, which was performed to identify additional possible DKA events for adjudication.
Definitions and Classification of DKA by the Clinical Events Committee Charter
The Clinical Events Committee (CEC) Charter pre-defined the categories for CEC adjudication of
possible DKA events. The CEC classified the possible DKA events sent for adjudication as
“certain”, “potential”, “unlikely ketoacidosis”, “unlikely ketoacidosis but ketosis”, or
“unclassifiable”. Figure 9 shows the CEC parameters for DKA adjudication. Refer to Appendix F:
MedDRA preferred terms, trigger search terms for DKA and CEC’s diagnostic criteria for DKA
adjudication. for details on case definitions for DKA adjudication.
Figure 9: The CEC parameters for DKA adjudication

Source: Clinical overview, page 18.

For DKA events adjudicated as “certain” or “potential”, the adjudicators also were to note the
“outcome of the event” (Recovered, Sequelae or Fatal) and severity of ketoacidosis (mild,
moderate, severe, and not assessable) according to the American Diabetes Association (ADA)
criteria (Table 14). The adjudicators assessed the severity of a DKA event based on blood pH,
followed by bicarbonate (if pH was not available) and neurological symptoms, and in the
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absence of pH, bicarbonate, and neurological symptoms severity was assessed as mild.
Table 14: Criteria to assess severity of DKA

Source: Summary of clinical safety, page 22

Results:
CEC-adjudicated DKA subject and event counts
In EASE-3, 83 treatment-emergent possible DKA events were sent for adjudication. About 50%
of the possible DKA events sent to CEC in EASE-3 were identified based on at least one trigger
event of BHB ≥ 3.8 mmol/L, and about 40% of the events were identified based on at least one
trigger event of DKA identified by the investigator or a trigger PT indicative of ketoacidosis
and/or DKA. Thus, the majority of DKA events were identified based on elevated BHB values,
followed by investigator-reported events.
Table 15 shows the subject and event count of adjudicated diabetic ketoacidosis events in
EASE-3. In the empagliflozin 2.5 mg dose group, there were 2 DKA events in 2 patients (0.8%)
adjudicated as “certain”, in comparison to 3 events in 3 patients (1.2%) in the placebo group,
showing no excess risk of DKA in the 2.5 mg group. Statistical analyses of “certain” and
“potential” DKA events in EASE-2 and EASE-3, comparing empagliflozin vs. placebo and across
dose groups are discussed in the Statistical Evaluation of DKA Events section below.
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Table 15: Adjudicated DKA subject and event count, EASE-3, safety population

Source: Created by the CDER data support team; DKA=Diabetic ketoacidosis; Empa=empagliflozin; Note that patients can have more than one
adjudicated episode.

Three patients in the empagliflozin 2.5 mg group that had “certain” or “potential” DKA events
had recurrent DKA events that were categorized as “potential”, or “unlikely ketoacidosis but
ketosis”. Specifically, one patient with a certain DKA event, had a recurrent DKA event
adjudicated as “potential”. A second patient had a DKA event adjudicated as “unlikely
ketoacidosis but ketosis”, followed by a second recurrent DKA event adjudicated as certain, and
a third DKA event adjudicated as “unlikely ketoacidosis but ketosis”. The narratives for these
two patients with the recurrent events are provided below. In addition, in the empagliflozin 2.5
mg group a patient who had an adjudicated DKA event as “potential” had a recurrent event
adjudicated as “unlikely ketoacidosis but ketosis” (narrative not provided). None of the
patients in the placebo group in EASE- 3 had recurrent DKA events.
•

In the empagliflozin 2.5 mg group, one patient from United States with a DKA event
adjudicated as “certain” developed a second DKA event adjudicated as “potential”
about 2 weeks later presenting with a sudden onset of abdominal pain similar to the
abdominal pain experienced during the event of certain DKA, dry mouth and feeling
unwell. BHB was 2.8 mmol/L and blood glucose 58-257 mg/dL. The investigator advised
the patient to return to ER, but patient refused and was treated at home. Empagliflozin
2.5 mg was discontinued and patient recovered.

•

In the empagliflozin 2.5 mg group, one patient from Mexico was hospitalized on study
day 21 for an SAE event of mild DKA (admitting physician diagnosis) after experiencing
intense colicky abdominal pain, vomiting, dehydration, blood glucose 1000 mg/dL and
ketonuria> 80 mg/dL. The narrative states result of an arterial blood gas (ABG) was
normal and no further information on blood pH or bicarbonate value is provided. The
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patient was treated with insulin and fluid and temporary discontinuation of study drug.
The next day the BHB was 2.8 mmol/L and glucose 170 mg/dL which further decreased
during the day. An ABG following resolution of ketosis showed bicarbonate 14.3
mmol/L, and pH was 7.46. Two days later the event was resolved, and study drug
restarted. The adjudication package states “it was confirmed that the patient’s adverse
event was not diabetic ketoacidosis and was only ketosis associated with prolonged
fasting and intolerance of oral route for stomach infection”. This event was adjudicated
as “unlikely ketoacidosis but ketosis”.
Two months later the patient developed a DKA event that was categorized as an SAE,
with nausea, vomiting, generalized abdominal pain, tachypnea, polydipsia, polyphagia,
asthenia with elevated BHB 4.4 mmol/L, and glucose levels 215 mg/dL. The anion gap
was 38.3, bicarbonate was 6.7 mmol/L, and pH was 7.28. The patient was hospitalized
and recovered following treatment with insulin, fluids and electrolyte replacement. This
event was adjudicated as “certain” DKA.
Two months later, on study day 160, the patient developed a BHB 4.1 mmol/L and blood
glucose of 398 mg/dL following an adverse event of pharyngitis with odynophagia,
which made it difficult for her to swallow liquid and solid foods. This event was
adjudicated as “unlikely ketoacidosis but ketosis”.
Refer to Appendix E: EASE-2 CEC-adjudicated DKA event and subject counts (26 and 52 weeks)
for incidence of adjudicated DKA events and subject count in EASE-2 over 26 and 52 weeks.
DKA Events – Severity of Cases in Placebo group vs. Empagliflozin groups
While there was no imbalance in DKA event between patients treated with empagliflozin 2.5
mg and placebo, it is important to also look at case severity. Some data suggest that DKA events
in patients treated with SGLT2 inhibitors may have had a delayed diagnosis due to their atypical
presentation (‘euglycemic’), which may have resulted in a more severe case by the time of
diagnosis.
The CEC made an assessment of the severity of DKA events based on pH as the primary criteria.
If pH was not available, then bicarbonate levels were used, and if neither value was available,
the degree of neurological symptoms was used. See Table 14 for ADA criteria to assess DKA
severity.
In the empagliflozin 2.5 mg group, the 2 DKA events adjudicated as “certain” and the 3 DKA
events adjudicated as “potential” were not assessed as severe by the CEC compared to 1 DKA
event adjudicated as “certain” in the placebo group which was assessed as severe by the CEC.
A summary of SAEs and DKA cases by severity is presented in Table 16.
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depletion
Severe dehydration
Other^
Blood Glucose < 250
mg/dL
None reported

1
2
0

0
3
2

1
7
5

2
4
5

1

0

1

1

Source: Adapted from clinical study report, EASE-3, page 1956. ^events classified as ‘other’ were not further clarified in the Application

Reliability of DKA adjudication in the phase 3 program
FDA utilized the pre-defined and blinded adjudication process by the Applicant for our
statistical analyses of DKA shown below. While FDA agreed with the DKA definitions used in the
charter, caveats to this approach include questions about the clinical relevance of the
classifications, as a review of the narrative suggests that some of the DKA events adjudicated as
“potential” or “unlikely ketoacidosis but ketosis” may in the real world either be diagnosed as
DKA events or develop into DKA events if patients are not as closely monitored. Because the
real-world approach to diagnosis of DKA involves assessment of the patient’s overall clinical
presentation and may differ from how a DKA event is categorized by adjudication (e.g. events
lacking a laboratory report may not meet the criteria for a positive adjudication, while in the
real-world the patient is treated as an DKA event). Therefore, the diagnosis of DKA in the real
world may differ from how DKA is categorized and defined by the adjudication process.
Below are examples of how strict adjudication criteria could lead to a DKA event being classified
as ‘potential’ instead of ‘certain’ if some information was missing, even if the case was highly
suggestive.
•

A patient randomized to empagliflozin 25 mg had a SAE PT euglycemic DKA following
omission of insulin dose during travel. The patient developed nausea, vomiting,
dehydration with a fluctuation of BHB values (highest was > 8 mmol/L corresponding to
a “HI” reading on ketone meter). Three days after the above symptoms, the study drug
was temporarily discontinued, and the patient was advised to go to the ER. She was
achy and weak and was not able to stay adequately hydrated, with a low glucose value
of 40 mg/dL. In the ER she was asymptomatic and was treated with glucose. The anion
gap was 12 mmol/L and pH was 7.32 mmol/L. The narrative states it was assumed the
patient had been slightly more acidotic on previous days as the pH was measured 4 days
after the onset of symptoms. The patient was treated with intravenous fluids and
carbohydrates after which she improved. The ER physician recommended admission to
monitor acidosis due to decreasing bicarbonate level, however the patient decided to
leave. The following day her ketosis resolved. This event was adjudicated as ‘potential’
DKA due to the lack of a pH level at the time of the initial onset of symptoms.

•

A patient randomized to empagliflozin 10 mg developed upper abdominal pain, severe
nausea, drowsiness, and dehydration 5 days after start of treatment. A SAE of
ketoacidosis was diagnosed. During that time, her blood glucose level was measured as
196 mg/dL and the ketone level was not reported. The next day the patient was weak
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but did not check her ketone levels. She went to the ER and was hospitalized with a pH
of 7.18, bicarbonate 10 mmol/L, and glucose 120 mg/dL. The patient was treated with
intravenous fluids and insulin and study drug was permanently discontinued. Two days
later the patient improved and was discharged. This event was adjudicated as ‘potential’
due to the lack of ketone measurement. This event was assessed as mild by the
adjudicator and severe by the investigator.
In addition, the case definition for DKA events adjudicated as “unlikely ketoacidosis but
ketosis” included patients with BHB > 1.5 - < 3.8 mmol/L without accompanying symptoms
or acidosis (by pH or bicarbonate measurements) or a single measurement of BHB ≥ 3.8
mmol/L without symptoms or suggestive history. It is unclear why the event described in
the narrative below was adjudicated as “unlikely ketoacidosis but ketosis”.
•

A patient randomized to the empagliflozin 2.5 mg group presented to the ER with
generalized malaise, epigastric pain, and vomiting. Bicarbonate level was 21 mmol/L; pH
was 7.42; anion gap was 16, ketone level was 2.2 mmol/L, and blood glucose was 164
mg/dL. This patient was diagnosed with a SAE of “normoglycemic ketonemia” and
urinary tract infection (considered as the precipitating factor). The patient received
symptomatic therapy with fluids and insulin and was discharged when abdominal pain
resolved, and ketone levels were 0.3 mmol/L and blood glucose 152 mg/dL. Following
treatment, the blood ketone level was noted at 0.3 mmol/Land blood glucose levels
were normal, so she was discharged from the ER later that night. However, patient
developed recurrent ketonemia at midnight, but took empagliflozin in the morning
when ketone levels had normalized again. Following study drug administration, there
was a gradual increase of ketone values up to 2.9 mmol/L. The patient returned to ER
and was hospitalized. Blood bicarbonate levels was around 19 mmol/L, pH was 7.36, and
anion gap was 16.2 mmol/L. She received fluids and study drug was permanently
discontinued due to the acetonemia as it was observed that the symptoms improved
during the night and they reappeared in the morning after receiving the study drug.
Note on the same day the drug was discontinued the BHB increased to 4.7 mmol/L. The
investigator assessed this event as severe.

Statistical Analyses of DKA (CEC-adjudicated events)
The primary safety analyses in this section focus on DKA events adjudicated by the CEC as
“certain DKA” in the EASE-3 trial. Two key parameters are estimated to measure the risk of
“certain DKA”: hazard ratios (HR) for the time to first event, and risk differences based on
exposure-adjusted rate of events. The objective of all statistical analyses presented in this
section is to provide estimates of DKA risk and their associated nominal 95% confidence
intervals. Because no statistical hypotheses were pre-specified for DKA, these analyses are
considered descriptive.
Supporting analyses are presented in Appendix H: EASE-3 Analyses including “certain” DKA and
“potential” DKA events on CEC-adjudicated “certain” or “potential” DKA events for the EASE-3
trial and in Appendix I: “Certain” DKA in EASE-2 on “certain DKA” events from the EASE-2 trial. A
44

comparison of results for “certain” DKA events from the EASE-3 and EASE-2 trials is presented
in this subsection. Note that the EASE-2 trial only studied the 10 mg and 25 mg doses of
empagliflozin which are not being proposed for the T1DM indication.
The key findings from these analyses are:
• Nominal 95% confidence intervals for HRs and exposure-adjusted risk differences (EA
RDs) in EASE-3 that assessed the risk of first “certain” DKA event in the empagliflozin
arms compared to placebo included the null values 1 and 0 respectively for all of the
doses of empagliflozin (Table 18). The empagliflozin 2.5 mg arm showed no evidence of
harm for DKA relative to placebo with an estimated hazard ratio and 95% CI of 0.66
[0.11, 3.92] with corresponding exposure-adjusted risk differences (EA RD) of -0.89 [5.71, 3.60] events per 100 patient-years.
• When both “certain” and “potential” DKA events were considered in the EASE-3 trial
(Appendix H: EASE-3 Analyses including “certain” DKA and “potential” DKA events), the
empagliflozin 2.5 mg arm again showed no evidence of increased risk of DKA relative to
placebo with an estimated HR of 0.98 [0.25, 3.93]. However, the empagliflozin 10 mg
and 25 mg doses showed some numerical evidence of increased risk of DKA relative to
placebo with estimated HRs of 2.91 [0.94, 9.02] and 2.99 [0.97, 9.29] respectively.
• In EASE-2 (Table 19), the empagliflozin 10 mg dose had the highest estimated risk of
“certain” DKA relative to placebo with a HR of 4.87 [1.41, 16.83]. The empagliflozin 25
mg dose had an estimated HR of 3.13 [0.86, 11.37].
In the EASE-3 trial, confidence intervals for EA RDs for “certain” DKA for all three doses of
empagliflozin relative to placebo included the null value 0. Cumulative incidence of the first
“certain” DKA event for empagliflozin doses and placebo are presented for the EASE-3 trial and
show the observed cumulative probability of “certain” DKA events over time (Figure 10).
Table 18: Analysis of CEC-adjudicated ”certain” DKA by doses of empagliflozin - EASE-3
Treatment
Events/n
HR*
EA RD§
Arm
(IR per 100PY)
(95% CI)
per 100 PY
(95% CI)
Placebo
3/241
(2.54)
Empa 2.5 mg
2/241
0.66
-0.89
(1.65)
(0.11, 3.92)
(-5.71, 3.60)
Empa 10 mg
6/248
1.93
2.35
(4.89)
(0.48, 7.72)
(-3.01, 7.97)
Empa 25 mg
6/245
1.98
2.48
(5.03)
(0.50, 7.92)
(-2.91, 8.24)
* Cox proportional hazards model with fixed effect for treatment used to estimate HR
§ Exposure-adjusted Risk Differences with nominal 95% Newcombe Hybrid Score CIs are presented.
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Source: Created by FDA Statistical Reviewer

Figure 10: Cumulative incidence of “certain” DKA events – EASE-3

Source: Created by FDA Statistical Reviewer

Refer to Appendix H: EASE-3 Analyses including “certain” DKA and “potential” DKA events in
EASE-3.
Comparison of “certain” DKA in EASE-3 and EASE-2
The EASE-2 trial, which had a 52-week treatment period, included only the 10 mg and 25 mg
doses of empagliflozin; the Applicant is not seeking T1DM indications for either of these doses.
A comparison of results for these doses is nonetheless useful to assess replicability of results
across the trials.
Estimates for the EASE-3 and EASE-2 trials are presented in Table 19 and cumulative incidence
curves for first “certain” DKA events are presented by empagliflozin doses and placebo for each
of the two trials (Figure 11). A dashed vertical red line is drawn at Day 190 in the two plots –
EASE-3 had a 26-week treatment period with a 7-day post-treatment follow-up (26x7+7=189),
whereas EASE-2 had a 52-week treatment period.
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Table 19: Comparison of estimates for “certain” DKA by doses of empagliflozin - EASE-3 and
EASE-2
Dose
EASE-3 (26-week)
EASE-2 (52-week)
§
HR*
EA RD
HR*
EA RD§
(95% CI)
per 100 PY
per 100 PY
(95% CI)
(95% CI)
Empa 2.5 mg
0.66
-0.89
NS†
NS†
(0.11, 3.92)
(-5.71, 3.60)
Empa 10 mg
1.93
2.35
4.87
5.32
(0.48, 7.72)
(-3.01, 7.97)
(1.41, 16.83)
(1.66, 9.48)
Empa 25 mg
1.98
2.48
3.13
2.91
(0.50, 7.92)
(-2.91, 8.24)
(0.86, 11.37)
(-0.32, 6.44)
* Cox proportional hazards model with fixed effect for treatment used to estimate HR
§ Exposure-adjusted Risk Differences with nominal 95% uncorrected Wald CIs are presented.
†NS: Not Studied
Source: Created by FDA Statistical Reviewer
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Figure 11: Kaplan-Meier curves of “certain” DKA incidence - EASE-3 and EASE-2

Source: Created by FDA Statistical Reviewer

Differences between phase 3 trials were observed for empagliflozin 10 mg. In EASE-3, which
included empagliflozin 2.5 mg, 95% confidence intervals for the hazard ratios for certain DKA
for empagliflozin 25 mg and 10 mg versus placebo included 1. In EASE-2 the confidence interval
for the hazard ratio of DKA for empagliflozin 25 mg versus placebo also included 1; however,
the hazard ratio for first DKA event adjudicated as certain in the empagliflozin 10 mg arm
versus that in the placebo arm had a 95% confidence interval lower bound above 1. A review of
the phase 3 trials demographics (Appendix A: Demographics) in each of the phase 3 studies as
well as demographics of the patients with a DKA event adjudicated as “certain” in the
empagliflozin 10 mg group (Appendix M: Demographics of patients with an adjudicated DKA
event) does not explain the reason for the different behavior of the 10 mg group groups
between the two trials. Additionally, a review of the exposures (PK) of the 10 mg group did not
explain the reason for this observed difference. Therefore, not only is it a major concern that
there is only one 26-week trial assessing safety of the 2.5 mg dose, but that the behavior of the
10 mg arm in the 26-week EASE-3 trial appears different from its behavior in the 52-week EASE2 trial. The risk of DKA does not appear to have plateaued for the 10 mg and 25 mg dose groups
in either EASE-2 or EASE-3 raising questions as to whether one 26-week trial is sufficient for a
benefit risk assessment that takes into account DKA risk over time, particularly since the
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proposed benefit of empagliflozin is related to prevention of long-term complication of
diabetes.

Subgroup analyses for risk of “certain” in EASE-3
Two patients experienced “certain” DKA events in the empagliflozin 2.5 mg dose treatment arm
in the EASE-3 trial; thus, there is inadequate information to conduct subgroup analyses for this
dose alone. Forest plots for subgroup analyses of demographic and clinical factors of interest
are presented in Appendix J: Forest Plots for subgroup analyses of risk of “certain” DKA for
EASE-3 for “certain” DKA events in the EASE-3 trial by combining across the three empagliflozin
doses.
Nominal 95% confidence intervals for the HRs for the combined empagliflozin doses included 1
for all demographic and clinical subgroups studied; there were no nominally significant
treatment-subgroup interactions. The HR point estimates were less than 1 for Male and Latin
America demographic subgroups and clinical subgroups of DM duration < 20 years, MDI use,
BMI < 25 kg/m2 and baseline daily insulin dose ≥ 0.7 U/kg; however, in all cases the associated
confidence intervals included 1. Confidence intervals for EA RDs for all these subgroups
included 0, and CIs for NNTH included regions corresponding to harm and benefit.

Additional Safety Findings
In the empagliflozin development program lower-limb amputations, hepatic injury, and
decreased renal function were considered as AESIs. The Applicant identified “other specific
adverse events” as urinary tract infections, acute pyelonephritis, sepsis, asymptomatic
bacteriuria, genital infection, bone fracture, volume depletion, and malignancy. The safety
profile of empagliflozin 2.5 mg in T1DM is generally consistent with the labeled risks for T2DM
patients. Additional risks include genital mycotic infection, urinary tract infection, and volume
depletion events. Refer to Appendix L: Adverse events of special interest for details on
additional safety findings.
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Appendices
Appendix A: Demographics
Table 20: Patient demographics: EASE-3
Empa 25mg
(N=245)

Empa 10mg
(N=248)

Empa 2.5mg
(N=241)

Placebo
(N=241)

Total
(N=975)

Male

124 (50.6)

116 (46.8)

121 (50.2)

116 (48.1)

477 (48.9)

Female

121 (49.4)

132 (53.2)

120 (49.8)

125 (51.9)

498 (51.1)

44.4 (13.58)

42.3 (13.22)

43.3 (14.26)

42.2
(13.16)

43.1
(13.57)

< 65

227 (92.7)

236 (95.2)

224 (92.9)

229 (95.0)

916 (93.9)

≥ 65

18 (7.3)

12 (4.8)

17 (7.1)

12 (5.0)

59 (6.1)

American Indian or Alaska Native

5 (2.0)

1 (0.4)

0

7 (2.9)

13 (1.3)

Asian

5 (2.0)

2 (0.8)

2 (0.8)

2 (0.8)

11 (1.1)

4 (1.6)

10 (4.0)

2 (0.8)

5 (2.1)

21 (2.2)

0

0

0

1 (0.4)

1 (0.1)

231 (94.3)

234 (94.4)

234 (97.1)

226 (93.8)

925 (94.9)

0

1 (0.4)

3 (1.2)

0

4 (0.4)

159 (64.9)

162 (65.3)

161 (66.8)

152 (63.1)

634 (65.0)

Latin America

14 (5.7)

10 (4.0)

13 (5.4)

19 (7.9)

56 (5.7)

North America

72 (29.4)

76 (30.6)

67 (27.8)

70 (29.0)

285 (29.2)

MDI

163 (66.5)

165 (66.5)

160 (66.4)

159 (60.1)

647 (66.4)

CSII

82 (33.5)

83 (33.5)

81 (33.6)

82 (39.9)

328 (33.6)

8.2 (0.64)

8.2 (0.64)

8.1 (0.60)

8.2 (0.58)

8.2 (0.62)

Sex [n(%)]

Age (years)
Mean (SD)
Age Group [n(%)]

Race [n(%)]

Black or African American
Native Hawaiian or Other Pacific
Islander
White
Multiple / Other
Region [n(%)]
Europe

Pre-existing insulin therapy [n(%)]

HbA1c [n(%)]
Mean (SD)
HbA1c category [n(%)]
< 8.0%
≥ 8.0% to < 9.0%

99 (40.4)

109 (44.0)

101 (41.9)

100 (41.5)

409 (41.9)

116 (47.3)

110 (44.4)

118 (49.0)

111 (46.1)

455 (46.7)

≥ 9.0%

30 (12.2)

29 (11.7)

22 (9.1)

30 (12.4)

111 (11.4)

21.2 (11.33)

20.5 (11.88)

20.7 (11.88)

21.6
(12.94)

21.0
(12.01)

Time since T1DM diagnosis (years)
Mean (SD)
BMI category (kg/m2) [n(%)]
< 25
≥ 25 to < 30

66 (26.9)

58 (23.4)

64 (26.6)

74 (30.7)

262 (26.9)

104 (42.4)

114 (46.0)

100 (41.5)

100 (41.5)

418 (42.9)
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≥ 30

75 (30.6)

76 (30.6)

76 (31.5)

67 (27.8)

294 (30.2)

0.7 (0.24)

0.7 (0.24)

0.7 (0.24)

0.7 (0.24)

0.7 (0.24)

Total Insulin (U/kg) [n(%)]
Mean (SD)
eGFR category [n(%)]
< 60
≥ 60 to < 90

14 (5.7)

10 (4.0)

10 (4.1)

8 (3.3)

42 (4.3)

69 (28.2)

67 (27.0)

74 (30.7)

70 (29.0)

280 (28.7)

≥ 90

162 (66.1)

171 (69.0)

157 (65.1)

163 (67.6)

653 (67.0)

Source: Statistical reviewer analysis

Table 21: Patient demographics: EASE-2
Empa 25mg
(N=244)

Empa 10mg
(N=243)

Placebo
(N=243)

Total
(N=730)

Male

113 (46.3)

118 (48.6)

110 (45.3)

341 (46.7)

Female

131 (53.7)

125 (51.4)

133 (54.7)

389 (53.3)

45.3 (13.96)

45.7 (12.50)

44.2
(13.61)

45.0
(13.37)

< 65

225 (92.2)

223 (91.8)

229 (94.2)

677 (92.7)

≥ 65

19 (7.8)

20 (8.2)

14 (5.8)

53 (7.3)

10 (4.1)

6 (2.5)

7 (2.9)

23 (3.2)

4 (1.6)

6 (2.5)

7 (2.9)

17 (2.3)

0

1 (0.4)

0

1 (0.1)

230 (94.3)

230 (94.7)

227 (93.4)

687 (94.1)

0

0

2 (0.8)

2 (0.3)

Europe

132 (54.1)

131 (53.9)

136 (56.0)

399 (54.7)

North America

105 (43.0)

107 (44.0)

102 (42.0)

314 (43.0)

7 (2.9)

5 (2.1)

5 (2.1)

17 (2.3)

MDI

145 (59.4)

144 (59.3)

146 (60.1)

435 (59.6)

CSII

99 (40.6)

99 (40.7)

97 (39.9)

295 (40.4)

8.1 (0.54)

8.1 (0.60)

8.1 (0.59)

8.1 (0.58)

110 (45.1)

105 (43.2)

109 (44.9)

324 (44.4)

120 (49.2)

117 (48.1)

105 (43.2)

342 (46.8)

14 (5.7)

21 (8.6)

29 (11.9)

64 (8.8)

Sex [n(%)]

Age (years)
Mean (SD)
Age Group [n(%)]

Race [n(%)]
Asian
Black or African American
Native Hawaiian or Other Pacific
Islander
White
Multiple / Other
Region [n(%)]

Asia
Pre-existing insulin therapy [n(%)]

HbA1c [n(%)]
Mean (SD)
HbA1c category [n(%)]
< 8.0%
≥ 8.0% to < 9.0%
≥ 9.0%
Time since T1DM diagnosis (years)
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22.4 (12.97)

22.8 (12.62)

22.3
(12.36)

22.5
(12.64)

< 25
≥ 25 to < 30

56 (23.0)

50 (20.6)

62 (25.5)

168 (23.0)

96 (39.3)

89 (36.6)

96 (39.5)

281 (38.5)

≥ 30

92 (37.7)

104 (42.8)

85 (35.0)

281 (38.5)

0.7 (0.26)

0.7 (0.25)

0.7 (0.23)

0.7 (0.25)

Mean (SD)
BMI category (kg/m2) [n(%)]

Total Insulin (U/kg) [n(%)]
Mean (SD)
eGFR category [n(%)]
< 60
≥ 60 to < 90

9 (3.7)

7 (2.9)

7 (2.9)

23 (3.2)

85 (34.8)

82 (33.7)

72 (29.6)

239 (32.7)

≥ 90

150 (61.5)

154 (63.4)

164 (67.5)

468 (64.1)

Source: Statistical reviewer analysis

Appendix B: EASE-2 (26 weeks) Efficacy Results
Table 22: Summary of data capture: EASE-2
Randomized and took at least one dose [n]
Captured week 26 data [n(%)]
On treatment [n(%)]
Off treatment (Retrieved drop-out) [n(%)]
Missing week 26 data [n(%)]
On treatment [n(%)]
Off treatment [n(%)]

Empa 25 mg
244
237 (97.1)
231 (94.7)
6 (2.5)
7 (2.9)
0
7 (2.9)

Empa 10 mg
243
231 (95.1)
225 (92.6)
6 (2.5)
12 (4.9)
4 (1.6)
8 (3.3)

Placebo
243
224 (92.2)
210 (86.4)
14 (5.8)
19 (7.8)
2 (0.8)
17 (7.0)

Source: Response Document to Information Request dated 7/8/19; page 11

Table 23: Efficacy results for HbA1c (%) at week 26: EASE-2
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
244
8.06 (0.03)

Empa 10mg
243
8.10 (0.04)

Placebo
243
8.14 (0.04)

-0.41 (0.04)

-0.43 (0.04)

0.09 (0.04)

-0.50 (0.06)
(-0.61, -0.39)

-0.51 (0.06)
(-0.63, -0.40)

Source: Response Document to Information Request dated 7/8/19; Appendix: page 29 and Statistical Reviewer’s Analysis
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Total
730
692 (94.8)
666 (91.2)
26 (3.6)
38 (5.2)
6 (0.8)
32 (4.4)

Figure 12: HbA1c and total insulin over time: EASE-2

Source: Statistical reviewer analysis
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Table 24: Patients with symptomatic hypoglycemic and/or severe hypoglycemic events from
week 1 to week 26: EASE-2
Empa 25mg
N
# of patients with ≥1 episode (%)

Empa 10mg

Placebo

244

243

243

126 (51.6)

129 (53.1)

134 (55.1)

0.837

0.934

(0.584, 1.201)

(0.651, 1.340)

Comparison to Placebo
Odds Ratio
95% C.I.
Source: Statistical Reviewer’s Analysis

Table 25: Rate of symptomatic hypoglycemic and/or severe hypoglycemic events from week 1
to week 26: EASE-2
N
# of events
Adjusted event rate (per patient year)
Comparison to Placebo
Adjusted event rate ratio (SE)
95% C.I.

Empa 25mg
244
1358
7.09

Empa 10mg
243
1375
7.04

0.804 (0.126)
(0.591, 1.093)

0.797 (0.123)
(0.589, 1.080)

Placebo
243
1895
8.83

Source: CTR for EASE-2 (Page 1148) and Statistical Reviewer’s Analysis

Table 26: Patients with severe hypoglycemia events from week 1 to week 26: EASE-2
N
# of patients with ≥ 1 SH episode (%)

Empa 25mg

Empa 10mg

Placebo

244

243

243

6 (2.5)

9 (3.7)

7 (2.9)

0.770

1.221

(0.251, 2.357)

(0.439, 3.399)

Comparison to Placebo
Odds Ratio
95% C.I.
Source: Statistical Reviewer’s Analysis
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Table 27: Rate of severe hypoglycemic events from week 1 to week 26: EASE-2
N

Empa 25mg

Empa 10mg

Placebo

244

243

243

7

12

9

4.79

9.49

7.20

# of events
Adjusted event rate (per 100 patient years)
Comparison to Placebo
Adjusted event rate ratio (SE)

0.665 (0.406)

1.318 (0.731)

95% C.I.

(0.201, 2.198)

(0.444, 3.910)

Source: Response Document to IR dated 10/17/19 (Page 6) and Statistical Reviewer’s Analysis

Table 28: Change in body weight (kg) at week 26: EASE-2
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
244
85.49 (1.17)

Empa 10mg
243
86.18 (1.17)

Placebo
243
83.26 (1.07)

-3.26 (0.20)

-2.68 (0.20)

-0.14 (0.20)

-3.11 (0.29)
(-3.67, -2.55)

-2.53 (0.29)
(-3.09, -1.97)

Source: Response Document to IR dated 7/8/19 (Appendix: Page 33) and Statistical Reviewer’s Analysis

Table 29: Change in total insulin dose (U/day) at week 26: EASE-2
Empa 25mg

Empa 10mg

Placebo

244

243

243

63.66 (1.99)

60.82 (1.87)

59.87 (1.66)

-7.93 (0.59)

-7.70 (0.60)

-0.96 (0.61)

LS Mean (SE)

-6.97 (0.85)

-6.73 (0.85)

95% C.I.

(-8.63, -5.30)

(-8.41, -5.06)

N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo

Source: Statistical Reviewer’s Analysis

55

Table 30: Change in basal insulin dose (U/day) at week 26: EASE-2
Empa 25mg

Empa 10mg

Placebo

188

184

175

32.28 (1.26)

30.93 (1.31)

31.13 (1.07)

-4.04 (0.39)

-3.80 (0.40)

-0.31 (0.41)

LS Mean (SE)

-3.72 (0.57)

-3.48 (0.57)

95% C.I.

(-4.83, -2.61)

(-4.61, -2.36)

N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo

Source: Statistical Reviewer’s Analysis

Table 31: Change in bolus insulin dose (U/day) at week 26: EASE-2
Empa 25mg

Empa 10mg

Placebo

189

186

174

31.50 (1.38)

29.43 (1.15)

29.46 (1.24)

-4.16 (0.53)

-4.46 (0.54)

-0.47 (0.57)

LS Mean (SE)

-3.69 (0.78)

-3.98 (0.78)

95% C.I.

(-5.22, -2.16)

(-5.52, -2.44)

N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo

Source: Statistical Reviewer’s Analysis

Table 32: Change in systolic blood pressure (mmHg) at week 26: EASE-2
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
244
125.00 (0.95)

Empa 10mg
243
124.02 (0.99)

Placebo
243
124.46 (1.02)

-4.54 (0.70)

-2.60 (0.71)

-1.18 (0.72)

-3.37 (1.00)
(-5.33, -1.41)

-1.43 (1.01)
(-3.40, 0.55)

Source: Statistical Reviewer’s Analysis

Table 33: Change in diastolic blood pressure (mmHg) at week 26: EASE-2
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
244
77.19 (0.59)

Empa 10mg
243
75.82 (0.59)

Placebo
243
75.53 (0.64)

-2.68 (0.45)

-1.45 (0.45)

-0.57 (0.46)

-2.12 (0.64)
(-3.37, -0.86)

-0.88 (0.64)
(-2.14, 0.37)

Source: Statistical Reviewer’s Analysis
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Table 34: Proportion of patients achieving HbA1c < 7.0% at week 26: EASE-2

n[%]

Empa 25mg
(N=244)

Empa 10mg
(N=243)

Placebo
(N=243)

34 (13.93)

28 (11.52)

10 (4.12)

Source: Statistical Reviewer’s Analysis
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Table 35: Change in time spent in target glucose range (>70 to ≤180 mg/dL): EASE-2
Empa 25mg

Empa 10mg

Placebo

241

243

239

Baseline mean (SE) [% per day]

46.82 (0.79)

48.28 (0.81)

47.59 (0.84)

Baseline mean (SE) [hours per day]

11.24 (0.19)

11.59 (0.19)

11.42 (0.20)

192

188

179

11.74 (0.70)

10.73 (0.71)

-1.13 (0.72)

12.87 (1.01)

11.86 (1.01)

(10.89, 14.85)

(9.87, 13.84)

2.82 (0.17)

2.57 (0.17)

N

Week 23 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)

-0.27 (0.17)

Comparison to Placebo [hours per day]
LS Mean (SE)

3.09 (0.24)

2.85 (0.24)

95% C.I.

(2.61, 3.56)

(2.37, 3.32)

ANCOVA was used and included baseline time in the target range, baseline HbA1c, and baseline eGFR as linear covariates and baseline preexisting insulin therapy and treatment as fixed effects.
Source: CTR for EASE-2 (Page 132)

Table 36: Change in time spent in hyperglycemia (>180 mg/dL): EASE-2
Empa 25mg

Empa 10mg

Placebo

241

243

239

Baseline mean (SE) [% per day]

47.43 (0.93)

45.35 (0.91)

45.90 (1.01)

Baseline mean (SE) [hours per day]

11.38 (0.22)

10.88 (0.22)

11.02 (0.24)

192

188

179

-11.37 (0.79)

-10.87 (0.80)

1.20 (0.82)

N

Week 23 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
-12.58 (1.14)

-12.07 (1.14)

(-14.81, -10.34)

(-14.32, -9.82)

-2.73 (0.19)

-2.61 (0.19)

LS Mean (SE)

-3.02 (0.27)

-2.90 (0.27)

95% C.I.

(-3.56, -2.48)

(-3.44, -2.36)

LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)

0.29 (0.20)

Comparison to Placebo [hours per day]

MMRM was used and included baseline time in hyperglycemia, baseline HbA1c, and baseline eGFR as linear covariates and baseline pre-existing
insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in hyperglycemia -by-visit interaction as fixed effects.
Source: CTR for EASE-2 (Page 135)
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Table 37: Change in time spent in hypoglycemia (≤70 mg/dL): EASE-2
Empa 25mg

Empa 10mg

Placebo

241

243

239

Baseline mean (SE) [% per day]

5.81 (0.37)

6.39 (0.32)

6.62 (0.38)

Baseline mean (SE) [hours per day]

1.39 (0.09)

1.53 (0.08)

1.59 (0.09)

192

188

179

-0.43 (0.28)

0.09 (0.29)

0.03 (0.29)

LS Mean (SE)

-0.45 (0.41)

0.06 (0.41)

95% C.I.

(-1.25, 0.35)

(-0.74, 0.86)

-0.10 (0.07)

0.02 (0.07)

LS Mean (SE)

-0.11 (0.10)

0.01 (0.10)

95% C.I.

(-0.30, 0.08)

(-0.18, 0.21)

N

Week 23 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]

Change from baseline [hours per day]
LS Mean (SE)

0.01 (0.07)

Comparison to Placebo [hours per day]

MMRM was used and included baseline time in hypoglycemia, baseline HbA1c, and baseline eGFR as linear covariates and baseline pre-existing
insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in hypoglycemia -by-visit interaction as fixed effects.
Source: CTR for EASE-2 (Page 136)

Appendix C: Additional EASE-3 Efficacy Results for Empagliflozin 10 mg and 25
mg doses
Table 38: Summary of data capture for EASE-3
Placebo
Randomized and took at least one dose [n]
Captured week 26 data [n(%)]
On treatment [n(%)]
Off treatment (Retrieved drop-out) [n(%)]
Missing week 26 data [n(%)]
On treatment [n(%)]
Off treatment [n(%)]

241
222 (92.1)
217 (90.0)
5 (2.1)
19 (7.9)
1 (0.4)
18 (7.5)

Source: Statistical reviewer analysis
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Empa 2.5
mg
241
233 (96.7)
225 (93.4)
8 (3.3)
8 (3.3)
1 (0.4)
7 (2.9)

Empa 25 mg

Empa 10 mg

245
228 (93.1)
221 (90.2)
7 (2.9)
17 (6.9)
2 (0.8)
15 (6.1)

248
234 (94.4)
225 (90.7)
9 (3.6)
14 (5.6)
1 (0.4)
13 (5.2)

Total
975
917 (94.1)
888 (91.1)
29 (3.0)
58 (5.9)
5 (0.5)
53 (5.4)

Table 39: Efficacy results for HbA1c (%): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
245
8.19 (0.04)

Empa 10mg
248
8.18 (0.04)

Placebo
241
8.19 (0.04)

-0.28 (0.05)

-0.21 (0.05)

0.20 (0.05)

-0.48 (0.07)
(-0.62, -0.35)

-0.42 (0.07)
(-0.55, -0.28)

Source: Response Document to IR dated 7/8/19 (Appendix: Page 30) and Statistical Reviewer’s Analysis

Figure 13: HbA1c and total insulin over time: EASE-3

Source: Statistical reviewer analysis
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Table 40: Patients with symptomatic hypoglycemic and/or severe hypoglycemic events from
week 1 to week 26: EASE-3
Empa 25mg

Placebo

245

248

241

130 (53.1)

143 (57.7)

126 (52.3)

1.043

1.258

(0.727, 1.495)

(0.877, 1.804)

N
# of patients with ≥1 episode (%)

Empa 10mg

Comparison to Placebo
Odds Ratio
95% C.I.
Source: Statistical reviewer analysis

Table 41: Rate of symptomatic hypoglycemic and/or severe hypoglycemic events from week 1
to week 26: EASE-3
Empa 25mg

Empa 10mg

Placebo

N

245

248

241

# of events

1366

1602

1468

Adjusted event rate (per patient year)

6.60

8.33

6.40

Adjusted event rate ratio (SE)

1.031 (0.161)

1.301 (0.203)

95% C.I.

(0.758, 1.401)

(0.958, 1.767)

Comparison to Placebo

Source: CTR for EASE-3 (Page 1017) and Statistical Reviewer’s Analysis

Table 42: Patients with severe hypoglycemia events from week 1 to week 26: EASE-3
N
# of patients with ≥ 1 SH episode (%)
Comparison to Placebo
Odds Ratio
95% C.I.

Empa 25mg
245

Empa 10mg
248

Placebo
241

3 (1.2)

8 (3.2)

8 (3.3)

0.341
(0.089, 1.131)

0.946
(0.348, 2.570)

Source: Statistical Reviewer’s Analysis
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Table 43: Rate of severe hypoglycemic events from week 1 to week 26: EASE-3
N
# of events
Adjusted event rate (per 100 patient years)
Comparison to Placebo
Adjusted event rate ratio (SE)
95% C.I.

Empa 25mg
245
3
1.40

Empa 10mg
248
16
8.00

0.332 (0.288)
(0.061, 1.821)

1.901 (1.289)
(0.503, 7.183)

Source: Response Document to IR dated 10/17/19 (Page 9) and Statistical Reviewer’s Analysis

Table 44: Efficacy results for body weight (kg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
245
83.18 (1.20)

Empa 10mg
248
83.48 (1.08)

Placebo
241
80.92 (1.10)

-2.97 (0.21)

-2.61 (0.20)

0.23 (0.21)

-3.20 (0.29)
(-3.77, -2.63)

-2.84 (0.29)
(-3.41, -2.27)

Source: Response Document to IR dated 7/8/19 (Appendix: Page 34) and Statistical Reviewer’s Analysis
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Placebo
241
8
4.21

Table 45: Results for total insulin dose (U/day): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
245
59.68 (1.69)

Empa 10mg
248
59.72 (1.67)

Empa 2.5mg
241
58.05 (1.51)

Placebo
241
55.68 (1.48)

-7.02 (0.61)

-5.41 (0.61)

-4.23 (0.60)

-1.15 (0.59)

-5.88 (0.85)
(-7.53, -4.22)

-4.26 (0.85)
(-5.93, -2.60)

-3.08 (0.84)
(-4.73, -1.43)

Source: Statistical Reviewer’s Analysis

Table 46: Results for basal insulin dose (U/day): EASE-3
Empa 25mg

Empa 10mg

Empa 2.5mg

Placebo

192

193

196

189

30.81 (1.09)

30.85 (1.04)

29.58 (0.96)

28.94 (0.96)

-4.03 (0.38)

-2.65 (0.38)

-1.93 (0.38)

-0.38 (0.38)

LS Mean (SE)

-3.65 (0.54)

-2.27 (0.54)

-1.55 (0.53)

95% C.I.

(-4.70, -2.60)

(-3.32, -1.21)

(-2.59, -0.51)

N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo

Source: Statistical Reviewer’s Analysis

Table 47: Results for bolus insulin dose (U/day): EASE-3
Empa 25mg

Empa 10mg

Empa 2.5mg

Placebo

190

193

192

189

28.97 (1.12)

28.47 (1.01)

29.54 (1.07)

28.39 (1.12)

-3.95 (0.51)

-3.34 (0.52)

-2.79 (0.50)

-1.18 (0.49)

LS Mean (SE)

-2.77 (0.71)

-2.16 (0.72)

-1.61 (0.70)

95% C.I.

(-4.16, -1.39)

(-3.56, -0.75)

(-2.98, -0.23)

N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo

Source: Statistical Reviewer’s Analysis

Table 48: Results for systolic blood pressure (mmHg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
245
124.66 (0.95)

Empa 10mg
248
124.84 (0.96)

Placebo
241
120.63 (0.96)

-2.95 (0.64)

-2.69 (0.64)

0.27 (0.65)

-3.22 (0.92)
(-5.02, -1.42)

-2.96 (0.91)
(-4.75, -1.17)

Source: Statistical Reviewer’s Analysis
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Table : Results for diastolic blood pressure (mmHg): EASE-3
N
Baseline mean (SE)
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.

Empa 25mg
245
75.40 (0.59)

Empa 10mg
248
76.92 (0.55)

Placebo
241
74.70 (0.58)

-1.26 (0.42)

-1.56 (0.42)

-0.08 (0.43)

-1.18 (0.60)
(-2.355, 0.005)

-1.48 (0.60)
(-2.65, -0.30)

Source: Statistical Reviewer’s Analysis

Table 49: Proportion of patients achieving HbA1c < 7.0% at week 26: EASE-3

n[%]

Empa 25mg
(N=245)

Empa 10mg
(N=248)

Placebo
(N=241)

29 (11.84)

14 (5.65)

4 (1.66)

Source: Statistical Reviewer’s Analysis
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Table 50: Time spent in target glucose range (>70 to ≤ 180 mg/dL): EASE-3
Empa 25mg

Empa 10mg

Placebo

47

55

48

Baseline mean (SE) [% per day]

48.02 (1.45)

42.76 (2.08)

42.82 (1.72)

Baseline mean (SE) [hours per day]

11.52 (0.35)

10.26 (0.50)

10.28 (0.41)

38

43

36

14.86 (1.39)

13.49 (1.30)

1.18 (1.43)

LS Mean (SE)

13.67 (2.01)

12.31 (1.92)

95% C.I.

(9.70, 17.64)

(8.51, 16.11)

3.57 (0.33)

3.24 (0.31)

LS Mean (SE)

3.28 (0.48)

2.95 (0.46)

95% C.I.

(2.33, 4.23)

(2.04, 3.87)

38

45

33

12.26 (1.64)

8.87 (1.51)

-1.72 (1.74)

LS Mean (SE)

13.98 (2.40)

10.59 (2.28)

95% C.I.

(9.23, 18.73)

(6.08, 15.10)

2.94 (0.39)

2.13 (0.36)

N

Week 1 to 2
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]

Change from baseline [hours per day]
LS Mean (SE)

0.28 (0.34)

Comparison to Placebo [hours per day]

Week 3 to 4
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]

Change from baseline [hours per day]
LS Mean (SE)

-0.41 (0.42)

Comparison to Placebo [hours per day]
LS Mean (SE)

3.36 (0.58)

2.54 (0.55)

95% C.I.

(2.21, 4.50)

(1.46, 3.63)

29

41

26

7.92 (1.88)

11.20 (1.61)

0.55 (1.97)

7.37 (2.73)

10.65 (2.54)

(1.97, 12.76)

(5.63, 15.66)

1.90 (0.45)

2.69 (0.39)

1.77 (0.66)
(0.47, 3.06)

2.55 (0.61)
(1.35, 3.76)

Week 25 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per day]
LS Mean (SE)
95% C.I.
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0.13 (0.47)

MMRM was used and included baseline time in the target range, baseline HbA1c, and baseline eGFR as linear covariates and baseline pre-existing
insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in the target range-by-visit interaction as fixed effects. Source:
CTR for EASE-3 (Page 140)
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Table 51: Time spent in hyperglycemia (> 180 mg/dL): EASE-3
N
Baseline mean (SE) [% per day]

Empa 25mg
47
45.08 (1.67)

Empa 10mg
55
51.70 (2.37)

Empa 2.5mg
46
45.14 (2.01)

Placebo
48
52.47 (2.09)

Baseline mean (SE) [hours per day]

10.82 (0.40)

12.41 (0.57)

10.83 (0.48)

12.59 (0.50)

38

43

38

36

-16.26 (1.39)

-15.02 (1.30)

-9.92 (1.38)

0.37 (1.43)

-16.63 (2.02)
(-20.61, -12.64)

-15.39 (1.92)
(-19.18, -11.60)

-10.29 (2.00)
(-14.25, -6.33)

-3.90 (0.33)

-3.60 (0.31)

-2.38 (0.33)

-3.99 (0.48)

-3.69 (0.46)

-2.47 (0.48)

(-4.95, -3.03)

(-4.60, -2.78)

(-3.42, -1.52)

38

45

36

33

-13.97 (1.72)

-10.57 (1.59)

-5.02 (1.75)

1.92 (1.83)

-15.89 (2.54)
(-20.92, -10.87)

-12.49 (2.40)
(-17.24, -7.75)

-6.94 (2.55)
(-11.99, -1.89)

-3.35 (0.41)

-2.54 (0.38)

-1.20 (0.42)

-3.81 (0.61)

-3.00 (0.58)

-1.67 (0.61)

(-5.02, -2.61)

(-4.14, -1.86)

(-2.88, -0.45)

29

41

36

26

-8.68 (2.12)

-11.63 (1.81)

-4.36 (1.95)

0.65 (2.23)

-9.32 (3.09)
(-15.43, -3.21)

-12.27 (2.86)
(-17.93, -6.61)

-5.01 (2.97)
(-10.88, 0.86)

-2.08 (0.51)

-2.79 (0.43)

-1.05 (0.47)

Week 1 to 2
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per day]
LS Mean (SE)
95% C.I.
Week 3 to 4
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per day]
LS Mean (SE)
95% C.I.
Week 25 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per day]
LS Mean (SE)
95% C.I.

-2.24 (0.74)

-2.95 (0.69)

-1.20 (0.71)

(-3.70, -0.77)

(-4.30, -1.59)

(-2.61, 0.21)

0.09 (0.34)

0.46 (0.44)

0.15 (0.53)

MMRM was used and included baseline time in hyperglycemia, baseline HbA1c, and baseline eGFR as linear covariates and baseline pre-existing
insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in hyperglycemia -by-visit interaction as fixed effects.
Source: CTR for EASE-3 (Page 142)
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Table 52: Time spent in hypoglycemia (≤ 70 mg/dL): EASE-3
N
Baseline mean (SE) [% per day]
Baseline mean (SE) [hours per day]
Week 1 to 2
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.
Week 3 to 4
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.
Week 25 to 26
N
Change from baseline [% per day]
LS Mean (SE)
Comparison to Placebo [% per day]
LS Mean (SE)
95% C.I.
Change from baseline [hours per day]
LS Mean (SE)
Comparison to Placebo [hours per
day]
LS Mean (SE)
95% C.I.

Empa 25mg
47
6.90 (0.86)
1.66 (0.21)

Empa 10mg
55
5.54 (0.77)
1.33 (0.18)

Empa 2.5mg
46
6.35 (0.75)
1.52 (0.18)

Placebo
48
4.72 (0.65)
1.13 (0.16)

38

43

38

36

1.24 (0.55)

1.60 (0.52)

0.03 (0.55)

-1.31 (0.57)

2.55 (0.80)
(0.97, 4.12)

2.92 (0.77)
(1.40, 4.43)

1.34 (0.79)
(-0.22, 2.91)

0.30 (0.13)

0.39 (0.12)

0.01 (0.13)

0.61 (0.19)
(0.23, 0.99)

0.70 (0.18)
(0.34, 1.06)

0.32 (0.19)
(-0.05, 0.70)

38

45

36

33

1.55 (0.67)

1.62 (0.62)

-0.98 (0.68)

-0.02 (0.71)

1.57 (0.99)
(-0.38, 3.51)

1.64 (0.94)
(-0.21, 3.50)

-0.96 (0.99)
(-2.91, 1.00)

0.37 (0.16)

0.39 (0.15)

-0.23 (0.16)

0.38 (0.24)
(-0.09, 0.84)

0.39 (0.23)
(-0.05, 0.84)

-0.23 (0.24)
(-0.70, 0.24)

29

41

36

26

0.23 (0.77)

0.60 (0.66)

-0.66 (0.70)

-1.10 (0.82)

1.33 (1.13)
(-0.90, 3.56)

1.70 (1.05)
(-0.38, 3.78)

0.43 (1.08)
(-1.70, 2.57)

0.06 (0.19)

0.14 (0.16)

-0.16 (0.17)

0.32 (0.27)
(-0.22, 0.86)

0.41 (0.25)
(-0.09, 0.91)

0.10 (0.26)
(-0.41, 0.62)

-0.31 (0.14)

-0.01 (0.17)

-0.26 (0.20)

MMRM was used and included baseline time in hypoglycemia, baseline HbA1c, and baseline eGFR as linear covariates and baseline pre-existing

68

insulin therapy, treatment, visit, visit-by-treatment interaction, and baseline time in hypoglycemia -by-visit interaction as fixed effects.
Source: CTR for EASE-3 (Page 143)

Table 53: Subgroup analyses of change in HbA1c (%) for age: EASE-3
< 65
Empa 25mg

Empa 10mg

Placebo

227

236

229

-0.28 (0.05)

-0.21 (0.05)

0.20 (0.05)

LS Mean (SE)

-0.48 (0.07)

-0.42 (0.07)

95% C.I.

(-0.62, -0.34)

(-0.56, -0.28)

Empa 25mg

Empa 10mg

Placebo

18

12

12

-0.33 (0.18)

-0.21 (0.22)

0.21 (0.21)

-0.54 (0.28)

-0.41 (0.30)

(-1.079, 0.005)

(-1.00, 0.17)

N
Change from baseline
LS Mean (SE)
Comparison to Placebo

≥ 65

N
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)
95% C.I.
Interaction p-valuea
Empa 10mg = 0.962
Empa 25mg = 0.828

a The p-value was averaged over 500 data sets; Source: Statistical Reviewer’s Analysis
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Table 54: Subgroup analyses of change in HbA1c (%) for sex: EASE-3
Males
Empa 25mg

Empa 10mg

Placebo

124

116

116

-0.27 (0.07)

-0.14 (0.07)

0.25 (0.07)

LS Mean (SE)

-0.52 (0.10)

-0.39 (0.10)

95% C.I.

(-0.71, -0.33)

(-0.58, -0.19)

Empa 25mg

Empa 10mg

Placebo

121

132

125

-0.28 (0.07)

-0.28 (0.07)

0.16 (0.07)

N
Change from baseline
LS Mean (SE)
Comparison to Placebo

Females

N
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.45 (0.09)

-0.44 (0.09)

95% C.I.

(-0.63, -0.26)

(-0.63, -0.26)

Interaction p-valuea
Empa 10mg = 0.663
Empa 25mg = 0.583
a The p-value was averaged over 500 data sets; Source: Statistical Reviewer’s Analysis
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Table 55: Subgroup analyses of change in HbA1c (%) for race: EASE-3
White
Empa 25mg

Empa 10mg

Placebo

231

234

226

-0.28 (0.05)

-0.22 (0.05)

0.16 (0.05)

LS Mean (SE)

-0.44 (0.07)

-0.38 (0.07)

95% C.I.

(-0.57, -0.30)

(-0.52, -0.24)

Empa 25mg

Empa 10mg

Placebo

14

14

15

-0.34 (0.20)

-0.12 (0.20)

0.88 (0.20)

N
Change from baseline
LS Mean (SE)
Comparison to Placebo

Non-White

N
Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-1.22 (0.28)

-1.00 (0.28)

95% C.I.

(-1.77, -0.66)

(-1.55, -0.45)

Interaction p-valuea
Empa 10mg = 0.032
Empa 25mg = 0.007
a The p-value was averaged over 500 data sets
Source: Statistical Reviewer’s Analysis
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Table 56: Subgroup analyses of change in HbA1c (%) for age: EASE-3
< 65

N

Empa 2.5mg

Placebo

224

229

-0.04 (0.05)

0.20 (0.05)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.24 (0.07)

95% C.I.

(-0.38, -0.11)

≥ 65

N

Empa 2.5mg

Placebo

17

12

-0.22 (0.18)

0.21 (0.21)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.43 (0.28)

95% C.I.

(-0.97, 0.11)

Interaction p-valuea
Empa 2.5mg = 0.521
a The p-value was averaged over 500 data sets
Source: Statistical Reviewer’s Analysis
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Table 57: Subgroup analyses of change in HbA1c (%) for sex: EASE-3
Males

N

Empa 2.5mg

Placebo

121

116

-0.09 (0.07)

0.25 (0.07)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.33 (0.10)

95% C.I.

(-0.53, -0.14)

Females

N

Empa 2.5mg

Placebo

120

125

-0.02 (0.07)

0.16 (0.07)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.18 (0.09)

95% C.I.

(-0.36, 0.01)

Interaction p-valuea
Empa 2.5mg = 0.254
a The p-value was averaged over 500 data sets
[Source: Statistical Reviewer’s Analysis]
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Table 58: Subgroup analyses of change in HbA1c (%) for race: EASE-3
White

N

Empa 2.5mg

Placebo

234

226

-0.05 (0.05)

0.16 (0.05)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.21 (0.07)

95% C.I.

(-0.35, -0.07)

Non-White

N

Empa 2.5mg

Placebo

7

15

-0.11 (0.29)

0.88 (0.20)

Change from baseline
LS Mean (SE)
Comparison to Placebo
LS Mean (SE)

-0.99 (0.35)

95% C.I.

(-1.68, -0.29)

Interaction p-valuea
Empa 2.5mg = 0.031
a The p-value was averaged over 500 data sets
Source: Statistical Reviewer’s Analysis

To test for interaction among dosage levels, a full model was run on each of the imputed
datasets which included the pre-specified factors and covariates, the subgroup and the
treatment by subgroup interaction. The p-values for the interaction coefficient (i.e.,
subgroup*Empa 2.5mg) was averaged over each of the 500 datasets.

74

Appendix D: SAE by MedDRA Preferred Term, EASE-2
Table 59: Incidence of SAE by PT, EASE-2 (26 and 52 weeks)
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Appendix E: EASE-2 CEC-adjudicated DKA event and subject counts (26 and 52
weeks)
Table 60: Adjudicated DKA Events, EASE-2 (26 weeks and 52 weeks), safety population

Source: Created by the CDER support data team

In EASE-2 (52 weeks), 15 events of DKA was adjudicated as “certain” in 15 (6.2%) patients in the
empagliflozin 10 mg arm, and 12 events was adjudicated as “certain” in 10 (4.1%) patients in
the empagliflozin 25 mg group, compared to 3 events in 3 (1.2%) patients with a DKA event
adjudicated as “certain” in the placebo group.
A review of the narratives shows the following complications that occurred during a certain
DKA event: hyperkalemia, hypernatremia, acute kidney failure, metabolic encephalopathy,
myocarditis/pericarditis (during hospitalization), agitation, respiratory failure requiring
intubation, deep vein thrombosis (during hospitalization), progressive loss of consciousness,
and confusion.
There were 9 events in 8 (3.3%) patients in the empagliflozin 10 mg group and 9 events in 7
(2.9%) patients in the empagliflozin 25 mg group had a DKA event adjudicated as “potential”
compared to 5 events in 5 (2.1%) patients in the placebo group. All “potential” events were
adjudicated as mild, all recovered, although 1 event in the empagliflozin 10 mg group was
hospitalized, and 2 patients required treatment in the ER. One “potential” DKA event in the
empagliflozin 10 mg arm and 1 event in the placebo group were SAEs.
There were 23 events in 19 (7.8%) patients and 19 events in 12 (4.9%) patients adjudicated as
“unlikely ketoacidosis but ketosis” in empagliflozin 10 mg and 25 mg groups respectively
compared to 8 events in 6 (2.5%) patients in the placebo group. In the empagliflozin 10 and 25
mg group, 2 events adjudicated as “unlikely ketoacidosis but ketosis” were SAEs.
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Appendix F: MedDRA preferred terms, trigger search terms for DKA and CEC’s
diagnostic criteria3 for DKA adjudication.
Table 61: MedDRA Preferred Terms, trigger search terms for diabetic ketoacidosis

Source: Statistical analysis plan, CEC charter, page 17851.
MedDRA version 20.0. The Applicant utilized a pre-defined symptoms qualifier for event identification for section b above.

Table 62: The CEC’s case definitions for ketoacidosis adjudication in the empagliflozin
development program for T1DM
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Appendix H: EASE-3 Analyses including “certain” DKA and “potential” DKA
events
Analyses that include CEC-adjudicated “certain” DKA or “potential” DKA events are presented in
Table 65 and Figure 14. The estimated hazard ratio for “certain” or “potential” DKA associated
with the empagliflozin 2.5 mg dose relative to placebo is 0.98 with associated 95% CI of [0.25,
3.93]; those for the 10 mg and 25 mg doses are 2.91 [0.94, 9.02] and 2.99 [0.97, 9.29]. A small
negative exposure-adjusted risk difference of -0.08 events per 100 PY is estimated for the 2.5
mg dose versus placebo, with a confidence interval [-5.49, 5.24]. Number Needed to Treat to
Harm (NNTH) estimated for this dose is negative, indicating an observed protective effect with
a nominal 95% CI that includes regions of harm and benefit. For the 10 mg and 25 mg doses
estimated hazard ratios of 2.91[0.94, 9.02] and 2.99 [0.97, 9.29] include 1. Risk differences
estimates of 6.46 and 6.80 per 100 PY for 10 mg and 25 mg doses respectively are positive; the
CI for the 25 mg dose has a lower bound greater than 0, indicating a positive risk difference at
the nominal 5% level. A NNTH of 15 is estimated for both 10 mg and 25 mg doses.
Table 65: Analysis of CEC-Adjudicated “certain” or “potential” DKA by doses of empagliflozin
in the EASE-3 trial
Treatment Arm
Events/n
HR*
EA RD§
NNTH£
(IR per 100PY)
(95% CI)
per 100 PY
(95% CI)
(95% CI)
Placebo
4/241
(3.40)
Empa 2.5 mg
4/241
0.98
-0.08
-1220**
(3.32)
(0.25, 3.93)
(-5.49, 5.24)
(19.09, -18.22)
Empa 10 mg
12/248
2.91
6.46
15.48
(9.86)
(0.94, 9.02)
(-0.04, 13.37)
(7.48, -2857.14)
Empa 25 mg
12/245
2.99
6.80
14.71
(10.19)
(0.97, 9.29)
(0.21, 13.17)
(7.59, 469.48)
* Cox proportional hazards model with fixed effect for treatment used to estimate HR
§ Exposure-adjusted Risk Differences with nominal 95% uncorrected Newcombe Hybrid Score CIs are presented.
£ Number Needed to Treat to Harm – patient years of exposure to empagliflozin instead of placebo to observe one
additional certain DKA event. See below for interpretation of negative NNTH.
** Estimated Number NNTH was negative, which gives a Number Needed to Treat to Benefit (NNTB). The NNTH
estimate and confidence interval here should be read as NNTB 1220 (NNTH 19.09 to ∞ to NNTB 18.22). Refer to
Altman (1998) for interpretation of confidence intervals when associated risk difference confidence intervals
include 0.
Source: Created by FDA statistical reviewer
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Figure 14: Cumulative incidence of “certain” or “potential” DKA events – EASE-3

Source: Created by FDA Statistical Reviewer
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Appendix I: “Certain” DKA in EASE-2
The EASE-2 trial, which had a 52-week treatment period, included only the 10 mg and 25 mg
doses of empagliflozin; the Applicant is not seeking T1DM indications for either of these doses.
Hazard ratio estimates for “certain” DKA for the 10 mg and 25 mg doses relative to placebo are
4.87 [1.41,16.83] and 3.13 [0.86, 11.37] respectively (Table 66). Kaplan-Meier curves for
empagliflozin doses and placebo show the observed cumulative incidence of DKA events over
time in the EASE-2 trial (Figure 15).
Table 66: Analysis of CEC-Adjudicated “certain” DKA by doses of empagliflozin in the EASE-2
trial (52-week)
Treatment
Events/n
HR*
EA RD§
NNTH£
Arm
(IR per 100PY)
(95% CI)
per 100 PY
(95% CI)
(95% CI)
Placebo
3/243
(2.54)
Empa 10 mg
15/243
4.87
5.32
18.79
(6.69)
(1.41, 16.83)
(1.66, 9.48)
(10.55, 60.28
Empa 25 mg
10/244
3.13
2.91
34.40
(4.28)
(0.86, 11.37)
(-0.32, 6.44)
(15.52, -309.60)**
* Cox proportional hazards model with fixed effect for treatment used to estimate HR
§ Exposure-adjusted Risk Difference with nominal 95% Newcombe Hybrid Score CIs are presented.
£ Number Needed to Treat to Harm (NNTH) – patient years of exposure to empagliflozin instead of placebo to
observe one additional certain DKA event.
** Estimated upper bound of NNTH was negative, which gives a Number Needed to Treat to Benefit (NNTB). The
NNTH estimate and confidence interval here should be read as NNTH 34.40 (NNTH 15.52 to ∞ to NNTB 309.60).
Refer to Altman (1998) for interpretation of confidence intervals when associated risk difference confidence
intervals include 0.
Source: Created by FDA Statistical Reviewer
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Figure 15: Cumulative incidence of “certain” DKA events – EASE-2

Source: Created by FDA Statistical Reviewer

Appendix J: Forest Plots for subgroup analyses of risk of “certain” DKA for EASE3
Two patients on the empagliflozin 2.5 mg dose and 3 patients on the placebo arm had “certain”
DKA events. Subgroup analyses utilizing only these 5 events would not be informative.
Empagliflozin doses were combined to carry out subgroup analyses. Figure 16 presents HRs and
NNTH for demographic subgroups of interest and Figure 17 presents those for clinical
subgroups of interest.
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Figure 16: Demographic subgroup analyses for initial “certain” DKA events in EASE-3 pooled
across empagliflozin doses (2.5 mg, 10 mg and 25 mg)

* Number Needed to Treat to Harm (NNTH) is negative where a numerically lower risk is estimated in the
empagliflozin treatment arm. For these subgroups the estimated NNTH is negative, which gives a Number Needed
to Treat to Benefit (NNTB). In all of these subgroups the associated confidence intervals included regions
corresponding to harm (NNTH) and benefit (NNTB).
Source: Created by FDA Statistical Reviewer
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Figure 17: Clinical subgroups for initial “certain” DKA events in EASE-3 pooled across
empagliflozin doses (2.5 mg, 10 mg and 25 mg)

* Number Needed to Treat to Harm (NNTH) is negative for subgroups where a numerically lower risk is estimated
in the empagliflozin treatment arms. For these subgroups the estimated NNTH is negative, which gives a Number
Needed to Treat to Benefit (NNTB). In all of these subgroups the associated confidence intervals included regions
corresponding to harm (NNTH) and benefit (NNTB).
Source: Created by FDA statistical Reviewer

Appendix K: Kidney Function Tables, EASE-3
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Table 67: eGFR, creatinine, and albumin creatinine ratio mean difference from baseline at
Week 26, EASE-3, safety population
Lab Test

Statistic

Placebo

Empa 2.5
mg

Empa
10 mg

Empa 25 mg

ACR
(mg/g)

Subject Count

216

222

222

220

Baseline

51.40 ±
220.34,
6.19

41.23 ±
151.81,
5.30

68.48 ±
326.45,
5.30

42.07 ±
159.79, 6.19

Week 26

50.00 ±
235.32,
6.19

43.45 ±
142.93,
5.30

59.90 ±
288.82,
6.19

32.01 ±
113.38, 6.19

Difference

-1.41 ±
82.53, 0.44

2.21 ±
91.82,
0.44

-8.58 ±
103.39,
0.00

-10.06 ±
130.54, 0.00

Subject Count

214

223

223

222

Baseline

0.86 ±
0.29, 0.83

0.86 ±
0.23, 0.85

0.87 ±
0.22,
0.81

0.88 ± 0.28,
0.84

Week 26

0.85 ±
0.17, 0.84

0.86 ±
0.22, 0.85

0.89 ±
0.26,
0.83

0.89 ± 0.22,
0.85

Difference

-0.01 ±
0.28, 0.00

0.00 ±
0.10, 0.00

0.03 ±
0.11,
0.01

0.01 ± 0.23,
0.02

Subject Count

214

223

223

222

Baseline

96.97 ±
19.24,
97.73

96.28 ±
19.77,
98.46

96.95 ±
19.95,
98.96

95.33 ±
19.90, 95.98

Week 26

96.24 ±
19.12,
97.52

95.62 ±
20.37,
98.13

94.93 ±
20.64,
95.86

92.89 ±
20.01, 93.88

Difference

-0.73 ±
11.74, 0.45

-0.66 ±
8.35, -0.38

-2.02 ±
10.29, 1.54

-2.44 ±
11.24, -1.93

Creatinine
(mg/dL)

eGFR
(mL/min/1.73m^2)

Created by CDER’s data support team
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Table 68: eGFR (CKD-EPI) shift table at Week 26, EASE-3, safety population
Treatment
Arm
Placebo
(N = 214)

Empa 2.5
mg
(N = 223)

Empa 10
mg
(N = 223)

Empa 25
mg
(N = 222)

Baseline Renal Impairment

Mild

Moderate

Severe

Mild

204 (95.3%)

2 (0.9%)

0

Moderate
Severe

1 (0.5%)
1 (0.5%)

6 (2.8%)
0

0
0

Mild

209 (93.7%)

4 (1.8%)

0

Moderate
Severe

0
0

8 (3.6%)
1 (0.4%)

1 (0.4%)
0

Mild

207 (92.8%)

7 (3.1%)

0

Moderate
Severe

1 (0.4%)
0

8 (3.6%)
0

0
0

Mild

203 (91.4%)

5 (2.3%)

0

Moderate
Severe

2 (0.9%)
1 (0.5%)

11 (5.0%)
0

0
0

Created by CDER’s data support team

Appendix L: Adverse events of special interest
In this section, adverse events of special interest renal events, lower limb amputation, genital
infections, urinary tract infections, bone fracture, volume depletion and malignancy for the
empagliflozin 2.5 mg group are discussed as compared to placebo. For these events, when
appropriate, results from empagliflozin 10 mg and empagliflozin 25 mg from EASE-3 and EASE-2
(across trials and pooled) are analyzed as supportive evidence for safety. Pooled phase 3 data
for empagliflozin 10 mg and 25 mg refers to a pool of EASE-3 data over 26 weeks and EASE-2
data over 52 weeks.

Renal events
An increased incidence of acute kidney injury and renal impairment events was noted with the
use of SGLT2 inhibitors, and this risk is included in the Warnings and Precautions section of
labeling for approved SGLT2 inhibitors including empagliflozin for the treatment of patients
with T2DM. The Applicant analyzed decreased renal function based on the narrow SMQ for
acute renal failure. In addition, change in renal function was assessed by analysis of serum
creatinine, eGFR (CKD-EPI), and urinary albumin-to creatinine ratio.
Below is the Applicant’s narrow SMQ for acute renal failure which did not identify renal adverse
events in the empagliflozin 2.5 mg group.
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Table 69: Renal adverse event base on Standard MedDRA Query, EASE-3 and phase 3 pool
(EASE-3 + EASE-2 52-weeks), safety population

Source: Summary of clinical safety, page 52

Below is a post-hoc CMQ by the reviewer for renal adverse events in EASE-3 which identified
two PTs in the empagliflozin 2.5 mg group (neither were SAEs and did not lead to study drug
discontinuation).
Table 70: Post-hoc Custom MedDRA query for renal events, EASE-3, safety population
Dictionary
Placebo
Derived Term
Microalbuminuria
1 ( 0.4%)
Blood creatinine
increased
1 ( 0.4%)
Renal impairment
0 ( 0.0%)
Acute kidney
injury
0 ( 0.0%)
Albuminuria
0 ( 0.0%)
Blood urea
increased
1 ( 0.4%)
Chronic kidney
disease
0 ( 0.0%)
Glomerular
filtration rate
increased
2 ( 0.8%)
Diabetic
nephropathy
1 ( 0.4%)
Subjects(filtered)
1stColItemSubject
s

Empagliflozin
2.5 mg
1 ( 0.4%)

Empagliflozin 10 Empagliflozin 25
mg
mg
0 ( 0.0%)
0 ( 0.0%)

1 ( 0.4%)
0 ( 0.0%)

1 ( 0.4%)
1 ( 0.4%)

4 ( 1.6%)
1 ( 0.4%)

0 ( 0.0%)
0 ( 0.0%)

0 ( 0.0%)
0 ( 0.0%)

1 ( 0.4%)
1 ( 0.4%)

0 ( 0.0%)

0 ( 0.0%)

2 ( 0.8%)

0 ( 0.0%)

0 ( 0.0%)

1 ( 0.4%)

0 ( 0.0%)

0 ( 0.0%)

1 ( 0.4%)

0 ( 0.0%)

0 ( 0.0%)

0 ( 0.0%)

4 ( 1.7%)

2 ( 0.8%)

2 ( 0.8%)

9 ( 3.7%)

241 (100.0%)

241 (100.0%)

248 (100.0%)

245 (100.0%)

Source: Created by reviewer, JReview, ADAM

In addition to MedDRA custom queries of renal events, the laboratory assessments of renal
function were evaluated for patients in EASE-3 (Appendix K: Kidney Function Tables, EASE-3. In
EASE-3, the mean eGFR at Week 26 in the empagliflozin 2.5 mg group was -0.66 mL/min/1.73
m2 which was compared to -0.73 mL/min/1.73 m2 in the placebo group. The mean creatinine
at Week 26 in the empagliflozin 2.5 mg group did not show a change from baseline.
The analysis of eGFR (CKD-EPI, creatinine) over time showed an initial decrease at Week 4
in the empagliflozin groups which appear to return to baseline at 3 weeks after stopping
treatment at end of trial.
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Figure 18: eGFR (CKD-EPI, creatinine) [mL/min/1.73m2] over time in EASE-3, safety
population

Source: Summary of clinical safety, page 54

Hepatic events
The Applicant evaluated hepatic events based on the narrow SMQs4 up to 30 days after
treatment stop. Moreover, hepatic injury was assessed by laboratory evaluation5. A hepatic
adjudication committee (HAC) independently adjudicated hepatobiliary adverse events in a
blinded fashion to determine the probability that drug induced liver injury (DILI) was the cause
of a liver-related abnormality6.
In the empagliflozin development program for T1DM no hepatic events satisfied the Hy’s law
criteria post baseline defined as maximum ALT/AST>3xULN and max BILI>2xULN while ALP <
2xULN. There was a total of 6 hepatic events from both EASE-2 and EASE-3 sent to HAC for
adjudication.
A total of 2 hepatic events were from EASE-3: the PT liver injury in the empagliflozin 2.5 mg, 1
PT of hepatic enzyme increased (AST/ALT ≥ 10 ULN) from the empagliflozin 10 mg arm (patient
was exposed to chemical substance). Both were adjudicated as unlikely causality to study drug.

4

SMQs for “liver-related investigations, signs and symptoms”, “cholestasis and jaundice of hepatic origin”, “hepatitis non-infectious”, “hepatic
failure, fibrosis and cirrhosis, and other liver damage-related conditions”.
5
Laboratory evaluation was based on an elevation of AST and/or ALT ≥3x ULN combined with an elevation of total bilirubin ≥2x ULN measured
in the same blood sample and an isolated elevation of ALT and/or AST ≥5x ULN
6 The Applicant proposed the following criteria for identification of potential liver injury: AST and/or ALT >3X ULN and total bilirubin >2X ULN
(within 14 days of the AST and/or ALT elevation), AST and/or ALT >10X ULN, Hepatic disorders SMQ AEs/SAEs timely related to death (within 30
days before death).
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•

The PT liver injury in the empagliflozin 2.5 mg group (not SAE, not severe and did not
lead to study drug discontinuation) was adjudicated by the HAC as unlikely for causality
and mild to moderate hepatic injury (severity). This patient developed ALT= 383 U/L and
AST= 96 U/L (normal baseline) on study day 36, five days following exposure to second
course of erythromycin. Patient was asymptomatic and serology for hepatitis was
negative. Study drug was stopped but re-challenged for 4 days without recurrence of
the increased transaminases. 4 days after restart of the study drug the study drug was
discontinued due to noncompliance. Patient recovered.

In EASE-2, 4 hepatic events were adjudicated: 3 from the placebo group and 1 (PT hepatic
enzymes increased >= 20 ULN) in the empagliflozin 25 mg group. See narrative below.
•

68-year old female with T1DM with a normal baseline hepatic laboratory who
experienced an increase in ALT to ≥ 20 ULN (ALT= 522 U/L and AST= 659 U/L) about one
year after starting study medication and an increase in bilirubin < 2 ULN. About 5 days
later the transaminases improved (ALT 102 U/L, and AST= 35 U/L). No symptoms were
reported. Hepatic viral serology and abdominal ultrasound was negative. The patient
had no known history of congestive heart failure or environmental exposure to liver
toxins Concomitant medications were atorvastatin and paroxetine. The likely diagnosis
was idiopathic transient abnormal liver function tests. Patient recovered, and study drug
was not discontinued. One adjudicator opined that in the absence of other explanations
this may be a probable DILI, while the other two adjudicators opined as unlikely due to
subsiding rapidly despite remaining on drug and long latency. The final consensus was
unlikely DILI. Below is a diagram of hepatic laboratory changes over time for this patient.
Figure 19: Hepatic laboratory timeline for a patient with alanine transaminase ≥ 20
upper limit of normal in the empagliflozin 25mg group, EASE-3
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Lower limb amputations
Investigator-defined lower-limb amputation7 was a protocol-defined AESI in the phase 3 trials
and was analyzed up to trial termination.
In EASE-3, in the empagliflozin 2.5 mg group, one patient with T1DM and history of diabetic
polyneuropathy and previous toe amputations underwent a lower limb amputation of the 5 th
toe which led to study drug withdrawal (SAE PT gangrene). The Applicant does not report any
other events of lower limb amputation in the phase 3 program.
A post-hoc custom MedDRA query was performed for potential events related to lower limb
wound/infections. The results are displayed below in Table 71. Overall, there was a greater
number of patients with MedDRA events related to lower limb wound/infections in the
empagliflozin 2.5 mg group, with 8 patients (3.3%) in comparison to placebo, with 5 patients
(2.1%).

7

The definition of lower limb amputation included amputation (i.e. resection of a limb through a bone), disarticulation (i.e. resection of a limb
through a joint), and auto-amputations (i.e. spontaneous separation of non-viable portion of the lower limb). Not included in this
definition were debridement (removal of callus or dead tissue), procedures on a stump (like stump revision, drainage of an abscess, wound
revision, etc.), and other procedures (e.g. nail resection or removal) without a concomitant resection of a limb (amputation or disarticulation).
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Table 71: Post-hoc custom MedDRA query for lower limb wound/infections, EASE-3, safety
population
Dictionary
Derived Term
Cellulitis
Soft tissue
infection
Skin lesion
Diabetic foot
Erysipelas
Gangrene

Placebo
0 ( 0.0%)
1(
0(
0(
0(
0(

0.4%)
0.0%)
0.0%)
0.0%)
0.0%)

Empagliflozin
2.5 mg
3 ( 1.2%)
1(
1(
1(
1(
1(

0.4%)
0.4%)
0.4%)
0.4%)
0.4%)

Empagliflozin 10 Empagliflozin 25
mg
mg
1 ( 0.4%)
1 ( 0.4%)
0(
0(
0(
0(
0(

0.0%)
0.0%)
0.0%)
0.0%)
0.0%)

0(
0(
0(
0(
0(

0.0%)
0.0%)
0.0%)
0.0%)
0.0%)

Localised infection
Subcutaneous
abscess

0 ( 0.0%)

1 ( 0.4%)

0 ( 0.0%)

1 ( 0.4%)

0 ( 0.0%)

0 ( 0.0%)

1 ( 0.4%)

1 ( 0.4%)

Infected skin ulcer
Abscess
Fungal skin
infection
Necrobiosis
lipoidica
diabeticorum
Skin erosion
Skin infection
Soft tissue injury
Furuncle
Skin plaque
Skin ulcer

0 ( 0.0%)
0 ( 0.0%)

0 ( 0.0%)
0 ( 0.0%)

1 ( 0.4%)
0 ( 0.0%)

0 ( 0.0%)
1 ( 0.4%)

1 ( 0.4%)

0 ( 0.0%)

0 ( 0.0%)

1 ( 0.4%)

0(
0(
0(
0(
1(
1(
1(

0(
0(
0(
0(
0(
0(
0(

0(
0(
0(
0(
0(
0(
0(

1(
1(
1(
1(
0(
0(
0(

0.0%)
0.0%)
0.0%)
0.0%)
0.4%)
0.4%)
0.4%)

Subjects(filtered)
5 ( 2.1%)
1stColItemSubject
s
241 (100.0%)
Created by reviewer, JReview, ADAM

0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)

0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)
0.0%)

0.4%)
0.4%)
0.4%)
0.4%)
0.0%)
0.0%)
0.0%)

8 ( 3.3%)

3 ( 1.2%)

8 ( 3.2%)

241 (100.0%)

248 (100.0%)

245 (100.0%)

Genital infections
An increased risk for genital mycotic infections has previously been reported as a safety
concern with approved SGLT-2 inhibitor therapy. Note in the empagliflozin development
program immunocompromised patients at higher risk of developing genital or mycotic
infections were excluded from the study.
A post-hoc MedDRA search for PTs related to genital mycotic infections was performed (Table
72). In EASE-3, there was a higher incidence of genital mycotic infections in patients treated
with empagliflozin 2.5 mg (16 patients [6.6%]) in favor of the placebo group (5 patients [2.1%]).
The Applicant also performed analysis of investigator-defined genital infection which showed a
higher incidence of genital infections in the empagliflozin 2.5 mg group, with 13 patients (5.4%)
compared to placebo, with 6 patients (2.5%).
In EASE-3, none of the genital infection adverse events were SAEs, although 3 events led to
study drug withdrawal: PT genital candidiasis (severe), PT fungal infection (moderate), and PT
balanoposthitis (moderate).
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Figure 20: Time to onset of the first investigator- defined genital infection, EASE-3, safety
population, Applicant’s data

Source: EASE-3 clinical study report, page 2079.

In the pool of the phase 3 trials for empagliflozin 10 mg and 25 mg group (EASE-2 52 weeks and
EASE-3) (data not shown), 10 genital infection adverse events led to study drug withdrawal
from the empagliflozin groups compared to 1 event in placebo. One PT acquired phimosis was
an SAE that led to study drug withdrawal. There were 3 severe events. No event required
hospitalization.

Urinary tract infections
The analysis of urinary tract infection was based on the events defined by the investigators as
well as custom MedDRA query.
In EASE-3, the incidence of patients with urinary tract infections were generally similar between
the empagliflozin 2.5 mg group and placebo. In the empagliflozin group no events of urosepsis
were reported. One patient in the empagliflozin 2.5 mg group developed the PT pyelonephritis
(non-SAE). None of these events were SAEs, and none were categorized as severe. Based on a
post-hoc CMQ analysis, the PT urinary tract infection in 1 patient in the empagliflozin 2.5 mg
group discontinuation (patient required 4 antimicrobials for treatment) and the PT dysuria in
the empagliflozin 25 mg group led to treatment discontinuation. The frequency of patients with
urinary tract infections was higher if there was a history of urinary tract infections or a history
of genital infections compared with patients without a history of either infection. The frequency
of patients with urinary tract infections was overall higher for women than for men.
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Table 73: Post-hoc custom MedDRA query for urinary tract infection adverse events, EASE-3,
safety population
Dictionary Derived Placebo
Term
Urinary tract
infection
12 ( 5.0%)
Pyelonephritis
0 ( 0.0%)
Leukocyturia
0 ( 0.0%)
Micturition
disorder
1 ( 0.4%)
Dysuria
3 ( 1.2%)
Urinary hesitation
0 ( 0.0%)
Cystitis
1 ( 0.4%)
Escherichia
urinary tract
infection
0 ( 0.0%)
Bacteriuria
0 ( 0.0%)

Empagliflozin 2.5
mg

Empagliflozin 10
mg

Empagliflozin 25
mg

12 ( 5.0%)
1 ( 0.4%)
1 ( 0.4%)

9 ( 3.6%)
0 ( 0.0%)
0 ( 0.0%)

16 ( 6.5%)
0 ( 0.0%)
1 ( 0.4%)

0 ( 0.0%)
1 ( 0.4%)
0 ( 0.0%)
0 ( 0.0%)

0 ( 0.0%)
2 ( 0.8%)
0 ( 0.0%)
1 ( 0.4%)

3 ( 1.2%)
2 ( 0.8%)
1 ( 0.4%)
2 ( 0.8%)

0 ( 0.0%)
0 ( 0.0%)

0 ( 0.0%)
2 ( 0.8%)

1 ( 0.4%)
0 ( 0.0%)

Subjects(filtered)

17 ( 7.03%)

14 ( 5.8%)

14 ( 5.6%)

26 (10.6%)

1stColItemSubjects

241 (100.0%)

241 (100.0%)

248 (100.0%)

245 (100.0%)

Created by reviewer, JReview, ADAM

Bone fracture
Bone fractures were assessed up to trial termination based on investigator-defined adverse
events. IN EASE-3, there was a higher incidence of patients with an adverse event bone fracture
in favor of placebo: 5 events of bone fracture in 5 patients (2.1%) compared to 2 events of bone
fracture in 2 patients (0.8%) in the placebo group. The 5 events in the empagliflozin 2.5 mg arm
were PTs comminuted fracture, foot, humerus, radius, and rib fracture which according to the
Applicant were all traumatic events.
In the phase 3 pool of empagliflozin 10 mg and 25 mg (EASE-2 52 weeks and EASE-3 26 weeks)
there were 14 patients (2.9%) with a bone fracture event in empagliflozin 10 mg group, 5
patients (1%) in empagliflozin 25 mg group, and 8 patients (1.7%) in the placebo group. There
were two patients with non-traumatic bone fractures in the empagliflozin 10 mg and 25 mg
groups and no non-traumatic bone fracture in placebo. Both were non-SAEs, and the study drug
was not discontinued. Below are the narratives for these patients:
•

•

53-year old male treated with empagliflozin 25 mg with a past medical history of T1DM
for 10 years and mild renal impairment developed a fractured finger 362 days after start
of treatment with study drug. There was no adverse event of hypoglycemia, syncope,
fall, or trauma at the time of the fracture.
41-year old female treated with empagliflozin 10 mg with a past medical history of
T1DM for over 10 years and diabetic neuropathy developed a fractured toe 65 days
after start of treatment with study drug. There was no adverse event of hypoglycemia,
syncope, fall or trauma at the time of the fracture.
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Volume depletion
The Applicant analyzed adverse events related to volume depletion, which was based on a
custom MedDRA query of adverse events. In EASE-3, there was 1 patient in the empagliflozin
2.5 mg group with PT orthostatic hypotension (non-SAE and did not lead to study drug
discontinuation) compared to 3 (1.2%) patients with 3 events in the placebo arm.
In the pooled phase 3 trials for empagliflozin 10 mg and 25 mg arm a higher incidence of
adverse events related to volume depletion was seen in the empagliflozin 25 mg arm, with 16
patients (3.3%) and empagliflozin 10 mg arm, with 12 patients (2.4%), compared to the placebo
group, with 8 patients (1.7%). The most common PT in the empagliflozin 25 mg group was PT
hypotension, reported in 6 patients (1.2%), vs 4 patients (0.8%) in empagliflozin 10 mg group, vs
1 patient (0.2%) in the placebo group. The next most common PT was dehydration, reported in
4 patients (0.8%) in the empagliflozin 25 mg group, 4 patients (0.8%) in the empagliflozin 10 mg
group, and 3 patients (0.6%) in the placebo group; and PT syncope, reported in 2 patients
(0.4%) in the empagliflozin 25 mg arm, 4 patients (0.8%) in the empagliflozin 10 mg arm, and 2
patients (0.4%) in the placebo arm. Five adverse events were SAEs and none led to study drug
discontinuation. The SAE PTs were dehydration in the empagliflozin 25 mg group and
empagliflozin 10 mg arm, 1 PT syncope in empagliflozin 10 mg group and 1 PT syncope in the
placebo group. Brief narratives for the SAEs related to volume depletion are discussed below:
•

•
•

SAE PT syncope: 58-year-old female with T1DM and hypertension developed an
unwitnessed syncopal episode. She felt dizzy before lunch for 30 seconds while walking
back from the garden, blacked out and fell. There is no glucose measurement from time
of syncope but later developed a SAE hypoglycemia adjudicated as severe
hypoglycemia.
SAE PT dehydration in the empagliflozin 10 mg group occurred in the setting of a DKA
event adjudicated as “unlikely ketoacidosis but ketosis”.
SAE PT dehydration in empagliflozin 10 mg arm occurred 5 days after study drug
discontinuation along with concurrent PT vomiting and high ketones and glucose levels
adjudicated as “certain” DKA. Patient was hospitalized and developed PT pneumonia
while in the hospital.

Malignancy
The Applicant analyzed adverse events related to malignancy up to trial termination based on
SMQ8. The Applicant’s data shows in EASE-3, there were 2 patients with malignancy in each of
the empagliflozin 2.5 mg and placebo groups. In the pooled phase 3 trials (EASE-2 52 weeks +
EASE-3), malignancies were reported for 3 patients in the placebo group and none in the
empagliflozin 10 mg and 25 mg group (Table 74).

8

SMQ 20000091 (malignant or unspecified tumors) and the SMQ 20000092 (malignancy related conditions).
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Table 74: Patients in EASE-3 and in the pooled phase 3 trials (EASE-2 52 weeks + EASE-3 for
empagliflozin 10 mg and 25 mg) with malignancies up to trial termination, safety population

Source: EASE-3 clinical study report, page 92.
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Appendix M: Demographics of patients with an adjudicated DKA event
Table 75: Demographics of patients with an adjudicated DKA event vs no DKA event, EASE- 3

Created by CDER’s data support team
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Table 76: Demographics of patients with an adjudicated DKA event vs no DKA event, EASE- 2

Created by CDER’s data support team
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