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Abstract

Aim: To estimate risks of diabetic ketoacidosis (DKA), acute liver injury (ALI), acute kid-
ney injury (AKI), chronic kidney disease (CKD), severe complications of urinary tract
infection (UTI) and genital infection (GI) among patients with type 2 diabetes initiating
empagliflozin versus those initiating a dipeptidyl peptidase-4 (DPP-4) inhibitor.
Materials and Methods: In this large multinational, observational, new-user cohort
study in UK, Danish and US healthcare data sources, patients initiated empagliflozin
or a DPP-4 inhibitor between August 2014 and August 2019, were aged 218 years,
and had 212 months' continuous health plan enrolment. Incidence rates by exposure
and incidence rate ratios, adjusted for propensity-score deciles, were calculated.
Results: In total, 64 599 empagliflozin initiators and 203 315 DPP-4 inhibitor initia-
tors were included. There was an increased risk [pooled adjusted incidence rate ratios
(95% confidence interval)] of DKA [2.19 (1.74-2.76)] and decreased risks of ALl [0.77
(0.50-1.19) in patients without predisposing conditions of liver disease; 0.70
(0.56-0.88) in all patients] and AKI [0.54 (0.41-0.73)]. In the UK data, there was an
increased risk of Gl [males: 4.04 (3.46-4.71); females: 3.24 (2.81-3.74)] and decreased
risks of CKD [0.53 (0.43-0.65)] and severe complications of UTI [0.51 (0.37-0.72)].
The results were generally consistent in subgroup and sensitivity analyses.
Conclusions: Compared with DDP-4 inhibitor use, empagliflozin use was associated
with increased risks of DKA and Gl and decreased risks of ALI, AKI, CKD and severe
complications of UTI. These associations are consistent with previous studies and
known class effects of sodium-glucose cotransporter 2 inhibitors, including renopro-

tective effects and beneficial effects on alanine aminotransferase levels.
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1 | INTRODUCTION

Jardiance (empagliflozin), a highly potent and selective inhibitor of
sodium-glucose cotransporter 2 (SGLT2), was approved in Europe and
the United States in 2014 for the treatment of type 2 diabetes (T2D) to
improve glycaemic control in adults.*? Empagliflozin improves glycaemic
control in patients with T2D by reducing renal glucose reabsorption.®

We conducted a preplanned, large, multinational post-
authorization safety study, beginning at the empagliflozin launch date
in 2014 in the United Kingdom, United States and Denmark [-
European Union Register of Post-Authorization Studies (EU PAS)
no. ENCEPP/SDPP/13413; category 3].* This observational, new-user
cohort study evaluated the risks of acute liver injury (ALI), acute kid-
ney injury (AKI) and chronic kidney disease (CKD) associated with
empagliflozin. The hepatic safety of empagliflozin was of predefined
interest because of a higher frequency of serious hepatic events in
clinical trials, and its renal safety was of interest because of empagli-
flozin's mechanism of action.® The study was also designed to evalu-
ate the risks of genital infection (Gl) and severe complications of
urinary tract infection (UTI). The rationale for evaluating these risks is
related to the mechanism of action of empagliflozin: the inhibition of
SGLT2 in patients with T2D leads to excess glucose excretion in the
urine,® which, together with hyperglycaemia and T2D-related comor-
bidities and complications, may increase the susceptibility of patients
with diabetes to Gl and UTI. Finally, although not initially planned
before empagliflozin authorization, the assessment of the risks of dia-
betic ketoacidosis (DKA) was added to the study because of initial
spontaneous adverse event reporting of DKA events occurring in
patients taking SGLT2 inhibitors for T2D; a number of these events
were atypical (i.e. with blood sugar levels not as high as expected or
even in the normal range).> These outcomes have been evaluated pre-
viously in clinical trials and observational studies.®™2°

Our aim was to estimate, among patients with T2D, the risks of
ALI, AKI, CKD, severe complications of UTI, GI and DKA among
patients treated with empagliflozin compared with patients treated
with dipeptidyl peptidase-4 (DPP-4) inhibitors.

2 | METHODS
The study protocol, available in the EU PAS Register (ENCEPP/

SDPP/13413), describes the study methods in detail.*

21 | Study design and setting

This was a multinational, observational, population-based, new-user
cohort study using existing data in the Clinical Practice Research Data-
link (CPRD) in the United Kingdom [both the General Practitioner Online

Database (GOLD) and Aurum], the Danish Population Registries (Danish
Registries) in Denmark, and the HealthCare Integrated Research Data-
base (HIRD) in the United States. CPRD data were used for the evalua-
tion of all study outcomes, and data from the Danish Registries and
HIRD were used for evaluation of the rarest outcomes (i.e. DKA, ALl and
AKI). Appendix S1 describes the data sources in detail.

The study employed a new-user design and compared initiators
of empagliflozin with initiators of DPP-4 inhibitors. The index date
was defined as the date on which each identified initiator received
the index prescription for empagliflozin or a DPP-4 inhibitor. The
study period started on 1 August 2014, the date of empagliflozin
launch in the United Kingdom, United States and Denmark, and ended
1 August 2019 (31 July 2019 in HIRD).

2.2 | Participants
The study population included all eligible adult patients with T2D initi-
ating treatment with empagliflozin or with a DPP-4 inhibitor during
the study period. Appendix S2 describes the eligibility criteria in detail.
Briefly, eligible patients were aged 218 years and had 212 months of
continuous registration in the data source before the index date.
Empagliflozin-exposed patients had 21 prescription/dispensing for
empagliflozin, and patients exposed to a DPP-4 inhibitor had 21 pre-
scription/dispensing for a DPP-4 inhibitor. Outcome-specific exclu-
sion criteria were applied to the overall study population, to create
distinct analysis populations for each outcome (see Figure 1).
Follow-up started the day after the index date (date of qualifying
prescription/dispensing of empagliflozin or a DPP-4 inhibitor) and, for
each specified outcome, continued until the occurrence of the study
outcome, the date during follow-up on which specific exclusion cri-
teria were met, the end date of the first continuous treatment episode
of empaglifiozin or DPP-4 inhibitor plus a defined grace period
(30 days after the end of the days' supply for the last prescription in
the main analyses), the date on which a new treatment episode with
the other type of study drug or other SGLT2 inhibitors started, or the
end of the study period.

2.3 | Exposures

The exposures were empagliflozin [including fixed-dose combination
(FDC) with metformin] and the DPP-4 inhibitors sitagliptin, saxaglip-
tin, linagliptin, vildagliptin, or alogliptin (including FDCs of these drugs
with metformin).* DPP-4-inhibitors were selected as the comparator
because of their similar indications and target population to SGLT2
inhibitors, as well as to the fact that they are the most common
second-line regimens after metformin with sulphonylurea. FDCs of
SGLT2 inhibitors with DPP-4 inhibitors were excluded. Current use
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Patients with at least one prescription of
empagliflozin during the study period

Patients with at least one prescription of
DPP-4i during the study period

oR
Age > 18 12 months T2D and No previous Age > 18 12 months T2D and No previous
years lookback no T1D SGLT2i/DPP-4i years lookback no T1D SGLT2i/DPP-4i
o
Pooled 187379 161904 172950 113939 618,082 534,072 578,248 400,620
v
Meet all the inclusion criteria (DKA population) Meet all the inclusion criteria (DKA population)
o

Additional exclusion criteria applied for
outcome-specific populations?

Additional exclusion criteria applied for
outcome-specific populations?

AL AKI UTI GIF ALI2 CKD AL AKI V)

GIM T GIM
Pooled 56,939 (68451 [ NA|["NA" INAT [74000| [ 'NATY 194488 201751 NA  NA  NA 247019 NA

FIGURE 1  Cohort attrition, all data sources. AKI, acute kidney injury; ALI1, acute liver injury in patients with no predisposing conditions (primary
outcome); ALI2, acute liver injury in patients with or without predisposing conditions (secondary outcome); CKD, chronic kidney disease; CPRD,
Clinical Practice Research Datalink; DKA, diabetic ketoacidosis; DPP-4i, dipeptidyl peptidase-4 inhibitor; DR, Danish Registries; GIF, genital infections
in females; GIM, genital infections in males; HIRD, HealthCare Integrated Research Database; NA, not applicable; SGLT2i, sodium-glucose
cotransporter 2 inhibitor; T1D, type 1 diabetes; T2D, type 2 diabetes; UTI, urinary tract infection. ®Different exclusion criteria were applied according
to each outcome of interest (e.g. patients with CKD were excluded from the analysis of AKI), which resulted in different outcome-specific populations.

was defined from the index date to the end of days' supply for the
qualifying prescription, plus a period of 30 days. Recent use was
defined from the end of current use plus a period of 90 days
(i.e. 120 days after the end of days' supply). Days' supply was esti-
mated according to prescription instructions in CPRD or based on
available information on the duration of dispensing (e.g. number of

packages bought, strength and number of pills) in Danish Registries.

24 | Outcomes

The primary study outcomes evaluated in all data sources were DKA [hos-
pitalization or emergency department (ED) visit], ALl in patients without

predisposing conditions (hospitalization, ED visit, or specialist visit) (ALI1)

and AKI (hospitalization, ED visit, or specialist visit). Primary outcomes
evaluated only in CPRD were severe complications of UTI (inpatient and
outpatient) and Gls (inpatient and outpatient). Secondary outcomes were
ALl in patients with and without predisposing conditions (hospitalization,
ED visit, or specialist visit) (ALI2), evaluated in all data sources, as well as
CKD (inpatient and outpatient) and severe Gl (hospitalization or ED visit
or required systemic treatment), both evaluated only in CPRD.

2.5 | Validation

Validation of identified events was implemented for all outcomes in
the three data sources (see Table D1 in Appendix S4 for results).
Events identified in CPRD and Hospital Episode Statistics were
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validated through questionnaires sent to general practitioners (GPs),
complemented with available laboratory results. Events identified in
HIRD were validated through medical record data abstraction and/or
laboratory test results when available. In CPRD and HIRD, with the
aim of validating 100 events per outcome for each outcome-specific
population in each data source, when there were >200 events, a ran-
dom sample of up to 200 events of each outcome were targeted for
validation via questionnaires or medical record abstraction; otherwise,
all events were selected for validation. In the Danish Registries, valida-
tion was attempted for all identified outcome events via laboratory

test results.

2.6 | Statistical methods
For each outcome-specific population and in each data source, logistic
regression was used to estimate propensity scores (PSs) based on the
information before or at the index date, to account for potential con-
founding. Appendix S3 describes the PS modelling process in detail,
including examination of PS distributions and trimming of extreme values.
For each outcome, incidence rates (IRs) adjusted for PS decile
were generated for empagliflozin and DPP-4 inhibitor cohorts along
with adjusted IR ratios (IRRs) (empagliflozin vs. DPP-4 inhibitors) over-
all. These estimates with corresponding 95% confidence intervals (Cls)
were generated through the application of a Poisson regression
model, where the outcome was modelled as a function of treatment
cohort (empagliflozin or DPP-4 inhibitors) and PS decile (specified as a
categorical variable) with the log of time of exposure (in years) as the

t.26

offse Where possible, DerSimonian and Laird random-effects

meta-analysis methods were used to combine IRRs and 95% Cls of

2728 and heterogeneity was

the outcomes across the data sources,
analysed using the Cochran Q test and the I? index.

Subgroup analyses evaluated outcomes by sociodemographic,
clinical and treatment characteristics, and sensitivity analyses explored
how robust the results were to variations in the definitions of out-
comes, exposures and the positive predictive values (PPVs) of the
outcome-identification algorithms from the validation substudies. A
sensitivity analysis that added outpatient primary care events to the
ALl and AKI primary outcomes was conducted in CPRD and HIRD,
where primary care data are available. A quantitative bias analysis was

conducted to evaluate potential unmeasured confounding.?’

3 | RESULTS

3.1 | Study population

After applying all common inclusion and exclusion criteria, and before
trimming extreme PS values, 76 174 initiators of empagliflozin and
257 406 initiators of DPP-4 inhibitors were included in the DKA popu-
lations, which were the largest populations because of the lack of
outcome-specific exclusion criteria (Figure 1). The numbers of patients

included in the other outcome-specific populations were smaller, with

the exclusion criteria for ALI1 being the most restrictive. Most patients
(71%-87%) initiated empagliflozin and DPP-4 inhibitors as add-on ther-
apy, and >70% of the initiators of empagliflozin and of DPP-4 inhibitors
were also concomitant users of metformin. The most relevant differ-
ence in treatment patterns observed between the two exposure
cohorts in all data sources was concomitant use of insulin, which was
consistently more frequent in empagliflozin initiators (range across data
sources, 14.2%-31.2%) than in DPP-4 inhibitor initiators (range across
data sources, 4.7%-10.6%). The mean duration of exposure to the study
drug was shorter among initiators of empagliflozin (range across data
sources, 242.3-336.5 days) than among initiators of DPP-4 inhibitors
(range across data sources, 275.2-446.5 days).

Baseline characteristics before trimming and before PS adjust-
ment showed that empagliflozin initiators were younger than initia-
tors of DPP-4 inhibitors (Table 1). Approximately 60% of patients
were males in both cohorts and in all data sources. Patients in the
empagliflozin cohort were more frequently obese than those in the
DPP-4 inhibitors cohort. There was a higher proportion of initiators
of DPP-4 inhibitors in the initial years and a higher proportion of
empagliflozin initiators in later years of the study in all data sources.
The average pretreatment glycated haemoglobin (HbA1c) was higher
in empagliflozin than DPP-4 inhibitor initiators, and the proportion
of patients with poor diabetes control (i.e. HbAlc >74.9 mmol/mol
or HbA1c >9.0%) was higher in the empagliflozin cohort than in the
DPP-4 inhibitors cohort in CPRD and Danish Registries. The propor-
tions of patients with diabetes complications were similar between
cohorts in all data sources, except for ‘other diabetes complications’
(such as diabetic arthropathy, and complications recorded as unspe-
cified or as ‘multiple’), which were more frequent in the empagliflo-
zin cohort than in the DPP-4 inhibitors cohort in HIRD and in Danish
Registries. The distribution of other baseline comorbidities was simi-
lar between exposure cohorts in all data sources. When evaluating
PS distributions, non-overlapping PS curves were observed in Danish
Registries. Non-comparability was solved by stratifying the Danish
study population into patients with fewer than three glucose-
lowering drug (GLDs) and patients with three or more GLDs (see
Appendix S3 for further details). After trimming, a good balance in
the distribution of all variables was achieved in all data sources (see
Appendix S3).

3.2 | Outcomes

The total number of outcome events identified across all data
sources was the lowest for ALI1 (<70 in the empagliflozin cohort),
followed by DKA, ALI2 and AKI; for other outcomes evaluated only
in CPRD (CKD, severe complications of UTI and Gl outcomes), a total
of >1000 events were identified for each outcome (Table D1,
Appendix S4). The response for GP questionnaires in CPRD was low
(<8%), and retrieval rates of medical records in HIRD were modest
(approximately 50%), both of which impacted the precision of the
PPVs, particularly for rare outcomes, in those two data sources
(Table D1).
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3.2.1 | Diabetic ketoacidosis

DKA was more frequent among initiators of empagliflozin (adjusted IR
per 1000 person-years, range, 1.50-3.62) than among initiators of
DPP-4 inhibitors (adjusted IR per 1000 person-years, range, 0.70-1.82).
Initiators of empagliflozin had more than double the risk of DKA com-
pared with initiators of DPP-4 inhibitors (pooled adjusted IRR, 2.19;
95% Cl, 1.74-2.76) (Figure 2A). Results for DKA were consistent across
the individual data sources, with clearly increased risk (IRRs) with empa-
gliflozin use, except among the small subset of patients using three or
more GLDs in Danish Registries, although the small number of DKA
events in this group led to very imprecise estimates.

3.2.2 | Acute liverinjury

ALl events were less common among initiators of empagliflozin (adjusted
IR per 1000 person-years, range, 0.60-1.21 for ALI1 and 1.23-4.19 for
ALI2) than among initiators of DPP-4 inhibitors (adjusted IR per 1000
person-years, range, 1.09-1.41 for ALI1 and 1.86-5.47 for ALI2). A
decreased risk of these liver outcomes was observed among initiators of
empagliflozin compared with initiators of DPP-4 inhibitors (ALI1 pooled
adjusted IRR, 0.77; 95% Cl, 0.50-1.19; ALI2 pooled adjusted IRR, 0.70;
95% Cl, 0.56-0.88) (Figure 2B,C). The results for ALI1 and ALI2 were
similar and consistent across all data sources and in both Danish popula-
tion subsets. When including outpatient ALI events, ALI became slightly
more frequent (<9 per 1000 person-years) but was still less frequent
among initiators of empagliflozin, and the decreased risk persisted when
compared with initiators of DPP-4 inhibitors (Figure E2, Appendix S5).
The analysis evaluating the elevation of liver enzymes, irrespective of
ALl diagnosis, showed that more patients in the DPP-4 inhibitors cohort
had elevated liver enzymes during follow-up than patients in the empa-

gliflozin cohort, in all data sources (Table E1, Appendix S5).

3.2.3 | Acute kidney injury

AKI was less frequent among initiators of empagliflozin (adjusted IR per
1000 person-years, range, 2.60-10.96) than among initiators of DPP-4
inhibitors (adjusted IR per 1000 person-years, range, 4.96-16.89) and
was more frequent in HIRD than in the other data sources. A decreased
risk of AKI was observed among initiators of empagliflozin compared
with initiators of DPP-4 inhibitors (pooled adjusted IRR, 0.54; 95% Cl,
0.41-0.73) (Figure 2D). When including outpatient AKI events, the IRs
increased slightly among initiators of empagliflozin (<1 per 1000
person-years increase), but there was still a lower risk when compared
with initiators of DPP-4 inhibitors (Figure E4, Appendix S5).

3.24 | Chronic kidney disease

CKD was evaluated only in CPRD and the IR among initiators of
empagliflozin (adjusted IR, 9.32 per 1000 person-years) was roughly

half that among initiators of DPP-4 inhibitors (IR, 17.73 per 1000
person-years). The lower risk in the empagliflozin cohort is also seen
in the adjusted IRR of 0.53 (95% Cl, 0.43-0.65) (Table 2).

325 |
infection

Severe complications of urinary tract

Severe complications of UTI were also evaluated only in CPRD. As
with CKD, the IR of severe complications of UTI among initiators of
empagliflozin (adjusted IR, 3.32 per 1000 person-years) was about half
the corresponding IR among initiators of DPP-4 inhibitors (adjusted
IR, 6.47 per 1000 person-years). The lower risk of severe complica-
tions of UTI among initiators of empagliflozin compared with initiators
of DPP-4 inhibitors is also seen in the adjusted IRR of 0.51 (95% Cl,
0.37-0.72) (Table 2).

3.2.6 | Genitalinfection

Gls were also evaluated only in CPRD. Overall, these infections were
more frequent among females than among males in both therapy
groups. Among males, adjusted IRs per 1000 person-years among
empagliflozin initiators were roughly four times the corresponding IRs
among initiators of DPP-4 inhibitors (47.23 vs. 11.70 for Gl, 43.35
vs. 10.72 for severe Gl). In females, Gl adjusted IRs per 1000 person-
years were about three times higher for empagliflozin initiators than
for DPP-4 initiators (79.65 vs. 24.58 for Gl, 58.42 vs. 17.48 for severe
Gl) (Table 3). Adjusted IRRs were 4.04 (95% Cl, 3.46-4.71) for Gl in
males; 4.04 (95% Cl, 3.44-4.75) for severe Gl in males; 3.24 (95% Cl,
2.81-3.74) for Gl in females; and 3.34 (95% Cl, 2.83-3.95) for severe
Gl in females.

3.3 | Subgroup, sensitivity and bias analyses

The results were consistent across subgroups and sensitivity analyses,
except for the ALl outcomes, for which data were sparse (Figures E2
and E3, Appendix S5). Results from the quantitative bias analysis
showed that residual confounding was unlikely to account for the
decreased relative risk observed among empagliflozin patients for
severe complications of UTI, their increased relative risk observed
for DKA, or other negative or positive associations observed.
Appendix S5 presents the results of the subgroup and sensitivity ana-

lyses in detail.

4 | DISCUSSION

In the databases included in this post-authorization safety study, use
of empagliflozin compared with the use of DPP-4 inhibitors was asso-
ciated with increased risks of DKA (approximately two-fold) and Gl
(approximately three-fold among females and four-fold among males).
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( A) DKA N patients N events (IR%) Person-years IRRP
Empaglifiozin DPP-4 Empaglifiozin DPP-4 Empaglifiozin DPP-4 (95% CI) Weights %
CPRD 14,086 77,408 33(2.82) 94 (1.04) 11,686 90,183 —_—— 271(176-4.07) 31.51
-5 Danish Registries < 3GLD 9,923 33,973 13 (1.65) 33(0.86) 7,872 38,592 * 1.93(0.93-377) 18.07
Danish Registries > 3GLD 5,905 2,742 13 (2.01) 7 (2.89) 6,482 2,426  — 0.69 (0.26-2.06) 10.00
3 HIRD 34,685 89,192 88 (3.68) 119 (1.86) 23,893 64142 : —— 1.99 (1.49-2.64) 40.42
T Meta-analysis (fixed effects) ' <> 2.06 (1.65-2.56)
£ Meta-analysis (random effects) (12 = 0.059) e 1.96 (1.36-2.82)
= Heterogeneity: I = 49.6%, Q = 5.95 on 3 df, p = 0114 '
Heterogeneity®: 12 = 49.6%, Q = 5.95 on 3 df, p = 0114 !
CPRD 14,086 77,408 33(2.57) 94 (0.92) 11,686 90,183 ' —t—> 278 (1.77-4.36) 2619
- Danish Registries < 3GLD 9,923 33,973 13 (1.50) 33 (0.70) 7,872 38,592 ' * 214 (11-412) 12.29
Danish Registries > 3GLD 5,905 2,742 13 (NE) 7 (NE) 6,482 2,426 ' [ NE
HIRD 34,685 89,192 88 (3.62) 19 (1.82) 23,893 64142 ' —+— 1.99 (1.48-2.66) 61.52
T Meta-analysis (fixed effects) ' < 219 (1.74-2.76)
< Meta-analysis (random effects) (t* = 0.053) ' 219 (1.74-2.76)
Heterogeneity: I° = 0.0%, Q = 1.50 on 2 df, p = 0.471 '
T T T T T
0.5 1 2 3 5
(B) AL“ N patients N events (IR?) Person-years IRRP
Empaglifiozin DPP-4 Empaglifiozin DPP-4 Empaglifiozin DPP-4 (95% CI) Weights %
CPRD 11189 61,254 6 (0.65) 80 (114) 9,204 70,065 . 057(0.20-1.30) 2036
-5 Danish Registries < 3GLD NR 27,404 NR (0.32) 34 (110) NR 30,788 —— 0.29 (0.03-113) 5.67
S Danish Registries > 3GLD NR NR NR(0.57)  NR(1.62) NR NR » 0.35(0.05-2.65) 432
ﬁ HIRD 24,864 65,896 22(1.32) 81(1.77) 16,702 45,790 — . — 0.74 (0.44-1.21) 69.65
T Meta-analysis (fixed effects) ] 0.65 (0.43-0.98)
£ Meta-analysis (random effects) (12 = 0.059) ] 0.65 (0.43-0.98)
O Heterogeneity: I2 = 49.6%, Q = 1.510n 3 df, p = 0.679 '
Heterogeneity®: I = 49.6%, Q = 1.510n 3 df, p = 0.679 !
CPRD 1189 61,254 6 (0.60] 80 (1.09) 9,204 70,065 0.55 (0.23-1.32) 24n
- Danish Registries < 3GLD NR 27,404 NR (NE 34 (NE) NR 30,788 NE
@ Danish Registries > 3GLD NR NR NR (NE) NR (NE) NR NR NE
2 HIRD 24,864 65,896 22 (1.21 81(1.41) 16,702 45,790 0.86 (0.52-1.41) 75.89
T Meta-analysis (fixed effects) 0.77 (0.50-1.19)
< Meta-analysis (random effects) (t?> = 0.053) 0.77 (0.50-1.19)
Heterogeneity: I° = 0.0%, Q = 0.75 on 1 df, p = 0.388
T T T T T
01 02 051 2
C AL|2 N patients N events (IR?) Person-years IRR®
( ) Empagliflozin DPP-4 Empaglifiozin DPP-4 Empagliflozin DPP-4 (95% Cl) Weights %
CPRD 13,913 75,580 16 (1.39) 244 (277) 1,546 87,980 $— 0.50 (0.28-0.83) 13.87
o Danish Registries < 3GLD 9,681 33,308 10 (1.30) 76 (2.01) 7,696 37,894 P — 0.65 (0.30-1.26) 7.83
& Danish Registries > 3GLD 5,740 2,661 7 () 5 (210) 6,283 2382 < L »  0.53(014-212) 2.25
g HIRD 33,583 85,623 98 (4.24) 349 (5.65) 23133 61,745 - - 0.75 (0.59-0.94 76.05
'g‘ Meta-analysis (fixed effects) N N 0.70 (0.57-0.85,
€ Meta-analysis (random effects) (12 = 0.059) N 0.70 (0.57-0.85,
O Heterogeneity: I = 0.0%, Q = 2.04 on 3 df, p = 0.565 '
Heterogeneity®: 12 = 0.0%, Q = 2.04 on 3 df, p = 0.565 '
CPRD 13,913 75,580 16 (1.33) 244 (2.67) 1,546 87,980 *— ' 0.50 (0.29-0.85) 1710
- Danish Registries < 3GLD 9,681 33,308 10 (1.23) 76 (1.86) 7,696 37,894 L . — 0.66 (0.34-1.29) 10.92
@ Danish Registries > 3GLD 5,740 2,661 7 (NE) 5 (NE) 6,283 2,382 F NE
% HIRD 33,583 85,623 98 (4.19) 349 (5.47) 23133 61,745 -* - 0.77 (0.61-0.97) 71.98
T Meta-analysis (fixed effects) < 0.71(0.58-0.87)
< Meta-analysis (random effects) (t* = 0.053) ' 0.70 (0.56-0.88)
Heterogeneity: 1> =7.0%, Q@ = 215 on 2 df, p = 0.341 '
T T T T T
01 0.2 0.5 1 2
(D) AKI N patients N events (IR?) Person-years IRR®
Empagliflozin DPP-4 Empaglifiozin DPP-4 Empagliflozin DPP-4 (95% ClI) Weights %
CPRD 13,215 61,879 50 (4.65) 744 (10.93) 10,745 68,062 —_— 0.43 (0.31-0.57) 29.34
5 Danish Registries < 3GLD 9,296 28,897 26 (3.60) 158 (5.30) 7,227 29,837 —¢—— 0.68(0.43-1.03) 2212
% Danish Registries > 3GLD 5,362 2,297 17 (2.98) 15 (818) 5,710 1834 44— ——— 0.36 (017-0.78) 1151
3, HIRD 30,520 74,750 224 (10.84) 830 (15.98) 20,668 51,944 S ' 0.68 (0.58-0.79) 37.03
g Meta-analysis (fixed effects) ! ' 0.61(0.54-0.70)
C Meta-analysis (random effects) (12 = 0.059) ' 0.55 (0.41-0.75)
O Heterogeneity: I2 = 68.5%, Q = 9.54 on 3 df, p = 0.023 '
Heterogeneity®: I* = 68.5%, Q = 9.54 on 3 df, p = 0.023 '
CPRD 13,215 61,879 50 (4.64) 744 (11.43) 10,745 68,062 —_— ' 0.41(0.30-0.55) 28.99
Danish Registries < 3GLD 9,296 28,897 26 (3.41) 158 (4.96) 7,227 29,837 ——¢—>» 0.69(0.45-1.05) 22.27
E Danish Registries > 3GLD 5,362 2,297 17 (2.60) 15 (6.31) 5,710 1,834 o ' 0.41(0.20-0.86) 1.43
% HIRD 30,520 74,750 224 (10.96) 830 (16.89) 20,668 51,944 - ' 0.65 (0.56-0.76) 37.31
2. Meta-analysis (fixed effects) ' 0.59 (0.52-0.67)
3 Meta-analysis (random effects) (12 = 0.053) - — © 0.54(0.41-073)
Heterogeneity: I* = 66.5%, Q = 8.96 on 3 df, p = 0.030 '
Heterogeneity“: I° = 66.5%, Q = 8.96 on 3 df, p = 0.030 '
T T T
0.2 0.5 1
FIGURE 2 Incidence rates and incidence rate ratios for primary outcomes among initiators of empagliflozin and of DPP-4 inhibitors in

propensity score-trimmed study cohorts, all data sources and meta-analysis. AKI, acute kidney injury; ALI1, acute liver injury in patients with no
predisposing conditions (primary outcome); ALI2, acute liver injury secondary outcome; Cl, confidence interval; df, degrees of freedom; CPRD,
Clinical Practice Research Datalink; DKA, diabetic ketoacidosis; DPP-4, dipeptidyl peptidase-4; DR, Danish Registries; GLD, glucose-lowering
drug; HIRD, HealthCare Integrated Research Database; 1%, heterogeneity statistic; IR, incidence rate; IRR, incidence rate ratio; N, number; NE, not
estimable; NR, not reportable because of small cell count(s); Q, Cochran's Q statistic. IRR <1.0 is the reduced risk of the outcome of interest
among initiators of empagliflozin compared with initiators of DPP-4 inhibitors. IRRs by propensity score deciles are presented in Appendix Sé.
3Per 1000 person-years. ®Both unadjusted and adjusted IRRs for empagliflozin relative to DPP-4 inhibitors were derived from a Poisson
regression model within the propensity score-trimmed populations, where outcome was modelled as a function of treatment cohort, with the log
of years of exposure as the offset. The adjusted IRR also includes propensity score decile categories as explanatory variables. “Heterogeneity
statistics from the meta-analysis exclude users of three or more GLDs in Danish Registries.
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TABLE 2 Incidence rates and incidence rate ratios for CKD and
severe complications of UTI among initiators of empagliflozin and of
DPP-4 inhibitors in propensity score-trimmed study cohorts, Clinical
Practice Research Datalink.

Empagliflozin DPP-4 inhibitors
CKD
Number of patients 13 256 62 435
Number of events 104 1368
Person-years 10 8949 705 038

Unadjusted IR* (95% Cl)
Adjusted IR? (95% ClI)

9.55(7.80-11.57)
9.32(7.68-11.31)

19.40 (18.39-20.46)
17.73 (16.16-19.45)

Unadjusted IRRP 0.49 (0.40-0.60) Reference
(95% ClI)

Adjusted IRR (95% Cl) 0.53 (0.43-0.65) Reference
Severe complications of

uTl

Number of patients 14 050 77 330

Number of events 39 578

Person-years 116 413 893 615

Unadjusted IR* (95% Cl)
Adjusted IR* (95% Cl)

3.35(2.38-4.58)
3.32(2.42-4.54)

6.47 (5.95-7.02)
6.47 (5.64-7.42)

Unadjusted IRR® 0.52 (0.36-0.72) Reference
(95% Cl)
Adjusted IRR® (95% Cl) 0.51(0.37-0.72) Reference

Note: IRR <1.0 means reduced risk of the outcome of interest among
initiators of empagliflozin compared with initiators of DPP-4 inhibitors.
Abbreviations: Cl, confidence interval; CKD, chronic kidney disease; DPP-4,
dipeptidyl peptidase-4; IR, incidence rate; IRR, incidence rate ratio; UTI,
urinary tract infection.

2Per 1000 person-years.

bBoth unadjusted and adjusted IRRs for empagliflozin relative to DPP-4
inhibitors were derived from a Poisson regression model, within the
propensity score-trimmed populations where outcome was modelled as a
function of treatment cohort, with the log of years of exposure as the
offset. The adjusted IRR also includes propensity score decile categories as
explanatory variables.

Both of these outcomes are identified risks in empagliflozin's risk-
management plan.® Use of empagliflozin compared with the use of
DPP-4 inhibitors was associated with a decreased risk of ALl among
patients with and without predisposing conditions, of AKI and CKD,
and of severe complications of UTI, all potentially explained by the
beneficial effects of empagliflozin on fat metabolism and on renal
function.

The results were consistent across data sources and across all
subgroup and sensitivity analyses, although some variations in the
IRRs, probably related to small numbers of events in some analyses,
were observed.

Our findings are broadly consistent with those of published stud-
ies evaluating the safety of SGLT2 inhibitors. Increased risks of DKA
have been found among users of SGLT2 inhibitors relative to users of
DPP-4 inhibitors and other GLDs in some large observational

6-9

studies, while other studies have observed no increased DKA

risk.*%712 Future research could explore the effect of other potential

risk factors (e.g. elevated HbAlc) on DKA outcomes with SGLT2
inhibitor use,®! as well as whether DKA events are atypical and occur
without hyperglycaemia. ALl events were rare in our study, and the
decreased risk of ALl observed was in line with the evidence from
clinical trials suggesting that SGLT2 inhibitors may have potentially
beneficial effects on alanine  aminotransferase  levels,
potentially because of reductions in glucose levels and body fat stores
that in turn improve liver function.®*=*> The observed decreased risk
of AKI and the renoprotective effect observed among initiators of
empagliflozin compared with initiators of DPP-4 inhibitors may be
because of decreased sodium reabsorption®! and are in line with a
meta-analysis of seven randomized controlled trials showing a 25%
decreased risk of AKI among users of SGLT2 inhibitors compared with
placebo,16 as well as with observational studies in the United States,
the United Kingdom and Taiwan.®”:1® The observed decreased risk
of CKD is also in line with multiple studies showing a decrease in CKD
progression among users of SGLT2 inhibitors.!??° The evidence from
long-term trials and postmarketing studies has shown that estimated
glomerular filtration rate declines in the long-term at a slower rate
among users of SGLT2 inhibitors than among patients treated with
placebo.2! Observational studies have generally reported no increased

risk of severe complications of UTI,2

except with high doses of
dapagliflozin,?® even when evaluating less severe UTIs that do not
require hospitalization.®? Finally, elevated risks of Gls, a known class
effect of SGLT2 inhibitors that is caused by glycosuria, have been
observed in a meta-analysis of 56 clinical trials?® and in several obser-
vational studies comparing SGLT2 inhibitors with DPP-4 inhibitors or
glucagon-like peptide 1 analogues.?*?> Taken together, our results
align with the safety evidence from clinical trials of empagliflozin, sug-
gesting that observational studies can vyield results consistent with
those from clinical programmes.3?

These results must be interpreted with potential limitations and
biases in mind. Although some degree of bias and confounding cannot
be completely discarded, the study design sought to avoid these by
employing a new-user design with an active comparator (DPP-4 inhib-
itors); by including all potential confounders and variables associated
with the outcome in the respective PS models; by balancing exposure
cohorts in all baseline characteristics; and by analysing (a) the poten-
tial impact of calendar year in the distribution of baseline con-
founders, (b) the association of the exposure with the outcome by
calendar year, and (c) the effect of calendar year in several PS models.
While PSs were estimated to account for potential confounding,
residual confounding because of unmeasured variables cannot be dis-
carded. However, results from a quantitative bias analysis showed
that residual confounding was unlikely to account for most negative
or positive associations observed.

Misclassification of exposure and outcome is a risk in all studies
conducted using routinely collected data from population-based data
sources. However, the consistency of results in sensitivity analyses
using alternative exposure duration windows does not support expo-
sure misclassification. Outcome misclassification is possible, and the
validation process had severe limitations because of the low

response rate to GP questionnaires and the unavailability of
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TABLE 3 Incidence rates and incidence rate ratios for genital infections and severe genital infections among initiators of empagliflozin and of
DPP-4 inhibitors in propensity score-trimmed study cohorts, Clinical Practice Research Datalink.

Genital infections
Number of patients
Number of events
Person-years
Unadjusted IR (95% Cl)
Adjusted IR® (95% Cl)
Unadjusted IRR® (95% Cl)
Adjusted IRR" (95% Cl)
Severe genital infections
Number of patients
Number of events
Person-years
Unadjusted IR? (95% Cl)
Adjusted IR* (95% Cl)
Unadjusted IRR® (95% Cl)

Males

Empagliflozin DPP-4 inhibitors
8272 45 683

319 550

6749.9 538 092

47.26 (42.22-52.74)
47.23 (42.28-52.76)
4.62 (4.02-5.32)
4.04 (3.46-4.71)

8272

293

67 699

43.28 (38.47-48.53)
43.35 (38.63-48.65)
4.61(3.97-5.33)

10.22(9.38-11.11)
11.70(10.45-13.10)
Reference

Reference

45 683

506

538 463

9.40 (8.60-10.25)
10.72 (9.53-12.07)
Reference

Reference

Females

Empagliflozin

5802

354

4459.2

79.39 (71.33-88.10)
79.65 (71.72-88.45)
4.08 (3.58-4.64)
3.24 (2.81-3.74)

5802

263

4522.7

58.15 (51.33-65.62)
58.42 (51.73-65.97)
4.19 (3.59-4.88)
3.34 (2.83-3.95)

DPP-4 inhibitors

31 940

689

353907

19.47 (18.04-20.98)
24.58 (22.28-27.13)
Reference

Reference

31 940

494

35593.1

13,88 (12.68-15.16)
17.48 (15.57-19.64)
Reference

Reference

Adjusted IRR® (95% Cl) 4.04 (3.44-4.75)

Note: IRR <1.0 means reduced risk of the outcome of interest among initiators of empagliflozin compared with initiators of DPP-4 inhibitors.

No cases of Fournier's gangrene were identified.

Abbreviations: Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; IR, incidence rate; IRR, incidence rate ratio.

2Per 1000 person-years.

PBoth unadjusted and adjusted IRRs for empagliflozin relative to DPP-4 inhibitors were derived from a Poisson regression model within the PS-trimmed
populations, where outcome was modelled as a function of treatment cohort, with the log of years of exposure as the offset. The adjusted IRR also

includes propensity score decile categories as explanatory variables.

inpatient laboratory results in CPRD; the low number of events (and
the low number of validated events) for some outcomes, which
impacted the precision of PPVs, particularly for ALI outcomes; and
the unavailability, for some patients, of specific test results required
for validation (e.g. ketosis measurements for the DKA outcome). Fur-
thermore, estimates for sensitivity were not calculated in the valida-
tion studies, and it is assumed that any false-negative errors were
non-differential in this study. For some rarer outcomes, such as ALI1
and DKA, the precision of the adjusted IRRs was low, particularly for
some subgroup analyses. Despite these limitations, in most sensitiv-
ity analyses performed on only confirmed events or corrected by the
PPV, results were in line with the main analysis and with all other
sensitivity analyses, with notable exceptions for the ALI1 outcome,
for which data were sparse.

In conclusion, empagliflozin compared with the use of DPP-4
inhibitors is associated with increased risks of DKA (approximately
two-fold) and Gl (approximately four-fold), both of which are class
effects for SGLT2 inhibitors. For ALI, AKI, CKD and severe complica-
tions of UTI, the beneficial effects of empagliflozin compared with the
use of DPP-4 inhibitors are compatible with previous observations of
the pleiotropic effects of SGLT2 inhibitors on body weight, diuresis,
blood pressure, alanine aminotransferase and estimated glomerular fil-
tration rate,®* potentially mediating in part the improvement of the

cardiometabolic disease risks of patients with T2D.
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