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1 | INTRODUCTION

In 2019, 35.1% (163 million) of global adult cases of diabetes were in
the Western Pacific region (including Japan and China).! This region
had the highest number of deaths because of diabetes (1.3 million)
among all of the International Diabetes Federation regions, and the
number of cases is expected to increase to 212 million by 2045, with
the majority being type 2 diabetes (T2D).2

The Asian T2D population typically differs from T2D populations
in the rest of the world in terms of pathophysiology of T2D, lifestyle
(e.g. diet) and other disease-related factors, including genetic back-
ground and cardiovascular (CV) risk. For instance, Asian populations
have lower insulin secretion because of greater pancreatic beta-cell
dysfunction and higher visceral adiposity, and develop T2D at lower
body mass index (BMI) ranges compared with Western populations.2®

CV disease is a major cause of premature mortality in people with
diabetes, including in Asian populations.* A recent multinational
cohort study, including countries in Europe and Asia, found that heart
failure (HF) is a frequent manifestation in T2D and is associated with
an increased risk of mortality.® Studies also showed that the presence
of T2D increases the risk of all-cause hospitalization.6® With some
variations among regions and countries, Asian populations often show
different CV disease risk profiles, such as an increased risk of

stroke??:1°

and a lower risk of coronary heart disease, compared with
Western populations.?1*? Furthermore, according to 2019 data, 35%
of CV deaths were from stroke in Southeast Asia, versus 24% and
27% in Europe and America, respectively.!? Some Asian countries,
including China, India, Indonesia and Japan, are among the 10 coun-
tries with the highest levels of CV disease deaths globally’ and, as in
other populations, a residual CV risk remains in the Asian population
despite use of standard of care therapies for CV prevention.” 14
Currently, there is an unmet need for effective therapies that
reduce the residual risk of T2D complications in the Asian popula-
tion.”1*1¢ The highly selective sodium-glucose co-transporter 2
(SGLT2) inhibitor empagliflozin has been shown to be well tolerated,
improve glycaemic control, reduce body weight and reduce blood
pressure in pooled analyses of Asian and East Asian patients, consis-
tent with other populations.2”*® In time-to-first event analyses of the
EMPA-REG OUTCOME trial, empagliflozin was shown to reduce the
risk of first events of the primary outcome of 3-point major adverse
CV events (a composite of CV death, non-fatal myocardial infarction
[MI], and non-fatal stroke) by 14%, as well as CV mortality by 38%
and hospitalization for HF (HHF) by 35% in patients with T2D with
established atherosclerotic CV disease from 42 countries across the
globe.'? First events of the key secondary outcome of 4-point major
adverse CV events (3-point major adverse CV events plus hospitaliza-

tion for unstable angina) were not significantly reduced with

empagliflozin.'? In subsequent time-to-first event analyses of Asian
EMPA-REG OUTCOME participants, the effects of empagliflozin on
CV outcomes were shown to be consistent with the overall popula-
tion (p-values for interaction by race >.05).2° The adverse event pro-
file of empagliflozin in Asian patients was also similar to the overall
trial population.2®

Time-to-first event analyses are the gold standard for evaluation
of clinical outcomes trials, but do not capture effects on the total mor-
bidity burden experienced by patients and underestimate the net
impact of effective interventions on healthcare resource utilization.
Therefore, analysis of total (first plus recurrent) events is emerging as
an important complement to traditional analytical methods.?* In previ-
ous total-versus-first-event analyses, a numerically greater treatment
effect with empagliflozin was observed in the overall EMPA-REG
OUTCOME trial population.?? For example, with empagliflozin versus
placebo, a 17% relative risk reduction in total events of all-cause hos-
pitalization was observed compared with 12% for first events only; a
similar pattern was observed with a number of other CV outcomes.??

A previous large-scale randomized clinical trial of the alpha-
glucosidase inhibitor, acarbose, in 6522 Chinese participants with
impaired glucose tolerance and without T2D (the ‘ACE’ trial) reported
data on recurrent HF events.?® However, to our knowledge, except
for a study of metformin versus glipizide in 304 Chinese patients with
T2D and coronary artery disease,?* randomized clinical trials assessing
the effect of T2D medications on total CV events including recurrent
events in Asian populations with T2D are currently scarce.

We assessed the effect of empagliflozin on total (first plus recur-
rent) CV and hospitalization events in Asian versus non-Asian partici-
pants of the EMPA-REG OUTCOME trial.

2 | MATERIALS AND METHODS

2.1 | Trial design

In the EMPA-REG OUTCOME trial, patients with T2D, haemoglobin
Alc (HbA1lc) 7%-10%, established CV disease typically of atheroscle-
rotic origin (M, stroke, coronary artery disease, peripheral artery dis-
ease), and an estimated glomerular filtration rate (eGFR) =30 mL/
min/1.73 m? were randomized 1:1:1 to empagliflozin 10 mg, 25 mg,
or placebo. EMPA-REG OUTCOME was designed as a non-inferiority
trial of empagliflozin (pooled 10 mg and 25 mg doses) versus placebo,
in accordance with regulatory guidance to assess the CV safety of
glucose-lowering drugs, with superiority hierarchically assessed.!?
Participants were asked to select their race based on the following
options: White, Asian, black/African American, American Indian or

Native Alaskan, and Native Hawaiian or other Pacific Islander.
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Outcomes in those who selected ‘Asian’, and subsequently those who
were also situated in East Asian countries (i.e. Hong Kong, Japan,

Taiwan and Korea), were assessed post hoc.

22 | Outcomes

CV outcome events and deaths were prospectively adjudicated by
two clinical events committees (one for cardiac events and the other
for neurological events), as recommended by the Food and Drug
Administration guidelines.?®> Hospitalizations were captured by
adverse event reporting as adverse events leading to hospitalization
[Medical Dictionary for Regulatory Activities (MedDRA), version
18.0]. The primary outcome of the trial was 3-point major adverse CV
events and the key secondary outcome was 4-point major adverse CV
events. Additional outcomes included: Ml (fatal and non-fatal); main
coronary outcome (Ml and coronary revascularization); expanded cor-
onary outcome (M, coronary revascularization and hospitalization for
unstable angina); coronary revascularization; hospitalization for unsta-
ble angina; stroke (fatal or non-fatal); transient ischaemic attack (TIA);
the composite of stroke (fatal or non-fatal) and TIA; HHF; composite
of CV death (excluding fatal stroke) and HHF; all-cause hospitaliza-
tion; all-cause mortality; and CV death. Excluding mortality outcomes,
all outcomes included fatal and non-fatal events.

Participants who prematurely discontinued a study drug or expe-
rienced a first outcome event were to be followed for ascertainment
of (further) CV outcomes. Attempts were made to collect vital status
information for any participant who was lost to follow-up, as allowed

by local guidelines.

2.3 | Statistical methods

The empagliflozin groups (10 mg and 25 mg) were pooled, for compar-
ison with placebo for analyses of all investigated outcomes. Analyses
were repeated for the individual empagliflozin doses (10 mg and
25 mg) for the primary outcome of 3-point major adverse CV events.
The analyses included all participants who received at least one dose
of study drug (modified intention-to-treat population). We calculated
confidence intervals (Cls) and p-values without adjustment for multi-
plicity. Occurrence of all events for each outcome were plotted over
time using mean cumulative function plots (showing the cumulative
average number of events per participant). The rate of total (first plus
recurrent) events was analysed using a negative binomial model with
Cls based on robust error variance estimators. The use of negative
binomial regression for the analyses of total events in the overall pop-
ulation was pre-specified.?? Analyses of total events of 3-point major
adverse CV events, MI, stroke and HHF in the overall population were
pre-specified and total events analyses of other outcomes were
selected post hoc.?? Asian versus non-Asian (determined by patient
self-classified race) subgroup analyses of total events were conducted
post hoc using a negative binomial model, including terms for age, sex,

baseline HbA1c, baseline eGFR, region, baseline BMI and subgroup, as

well as a treatment-by-subgroup interaction term to investigate con-
sistency between treatment effects on outcomes. Mortality events
were analysed using a Poisson regression model including the same
baseline factors.

Total events of all-cause hospitalization were assessed for the Asian
and non-Asian subgroups using a Wei-Lin-Weissfeld (WLW) model time-
to-event analysis?® to produce estimated relative treatment effect haz-
ard ratios (HRs) by order of event (1st, 2nd, 3rd events etc.), including a
test of the consistency of treatment effect estimates across the individ-
ual order of sequential events. The WLW model otherwise included simi-
lar terms as the negative binomial model. The WLW analysis was
conducted in the Asian and non-Asian subgroups separately.

Incidence rates of outcomes in the empagliflozin and placebo
treatment groups are presented in the East Asian population for com-
parison with the Asian population.

As previously reported for the overall EMPA-REG OUTCOME
population,?? we analysed baseline characteristics according to the
number of events experienced by participants during the trial [i.e. O,
1 and >1 event(s)] in the placebo group for the primary outcome of
3-point major adverse CV events, the main coronary outcome, HHF
and all-cause hospitalization.

All analyses were performed at the nominal alpha level of .05
without correction for multiple hypothesis testing. All analyses were
performed with SAS version 9.4 (SAS Institute).

3 | RESULTS

3.1 | Patient demographics

In total, 7020 patients were randomized to receive empagliflozin
10 mg, 25 mg or placebo for a median of 2.6 years with 3.1 years of
median follow-up. As previously reported, baseline characteristics
were similar between treatment groups.*’

In total, 1517 (21.6%) EMPA-REG OUTCOME trial participants iden-
tified as Asian, of whom 1345 were from countries in Asia (Hong Kong,
India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka,
Taiwan and Thailand). Table 1 shows the baseline demographics for Asian
and non-Asian participants. At baseline, Asian participants had a lower
mean weight and BMI, and a greater proportion with BMI <25 kg/m?
compared with non-Asian participants (35.7% vs. 7.1%, respectively).
Baseline use of diuretics, angiotensin-converting enzyme inhibitors and
angiotensin-receptor blockers was lower in Asian compared with non-
Asian participants. In addition, compared with non-Asian participants, a
smaller proportion of Asian participants received glucose-lowering medi-
cations as monotherapy, a greater proportion used sulphonylureas, and a
smaller proportion used insulin. A smaller proportion of Asian versus non-
Asian participants had a history of peripheral artery disease, coronary
artery bypass graft, Ml or HF at baseline, and a greater proportion had a
history of multivessel coronary artery disease. With these exceptions,
baseline characteristics were balanced between the Asian and non-Asian
populations; for example, the proportion of Asian participants with stroke

was comparable with the non-Asian population. As previously reported,
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(A) M First event M Recurrent events

3-point major 4-point major
adverse CV events adverse CV events

Hospitalization for
unstable angina

Mi Stroke Stroke/TIA

100% n=169 100% n=217 100% n=61 100% n=68 100% n=74 100% n=48
Coronary Main coronary Expanded coronary " All-cause
revascularization outcome outcome HHF CV death’/HHF hospitalization

100% n=100 100% n=161 100% n=209 100% n=58 100% n=99 100% n=996

(B) M First event [l Recurrent events
200 -~

180
160
140
120
100
80
60
40
20

Percentage increase of recurrent events
versus first event only

FIGURE 1  Among all Asian participants (N=1517), comprising the pooled empagliflozin 10 mg and 25 mg groups and placebo groups (A) the
number and percentage of first versus recurrent events and (B) the percentage increase of recurrent events versus first events. Pooled
empagliflozin group includes participants who received either 10 mg or 25 mg doses. Outcomes included fatal and non-fatal events. Participating
countries from Asia: Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka, Taiwan and Thailand. A, Number of
total (first plus recurrent) events for all patients is set to 100.0%. Percentages of first events and of recurrent events relative to total events are
provided. B, Proportion of first events for each outcome is set to 100.0% for all outcomes. Percentage numbers in the orange bars represent the
percentage increase of recurrent events over first events for each outcome. 3-point major adverse CV events: composite of CV death, non-fatal
MI and non-fatal stroke. 4-point major adverse CV events: 3-point major adverse CV events plus hospitalization for unstable angina. *Excluding
fatal stroke. “n” represents number of events. Data represent the total population of Asian participants: N = 1517. CV, cardiovascular; HHF,
hospitalization for heart failure; MI, myocardial infarction; TIA, transient ischaemic attack
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Pooled

empagliflozin
(N = 4687)

Placebo
(N = 2333)

Pooled
empagliflozin
(N =4687)

Placebo
(N = 2333)

Adjusted* event

Race by treatment

Number of events Adjusted* event rate rate ratio (95% Cl) interaction
(per 1000 patient-years)
Major adverse CV event outcomes
3-point major adverse CV events
Overall 585 351 44.91 57.56 0.78 (0.67, 0.91) @
Asian 97 72 26.67 43.39 0.61 (0.43, 0.89) ——tt P =0.1890
Non-Asian 488 279 52.59 63.74 0.83 (0.69, 0.98) o
4-point major adverse CV events
Overall 741 425 58.51 71.00 0.82 (0.71, 0.95) @~
Asian 128 89 36.86 55.27 0.67 (0.48, 0.93) ——it P =0.1939
Non-Asian 613 336 67.32 77.70 0.87 (0.74, 1.02) o
Coronary outcomes
Mi
Overall 265 156 19.61 24.93 0.79 (0.62, 0.998) —O—
Asian 36 25 10.71 16.08 0.67 (0.38, 1.18) —_————t P =0.5451
Non-Asian 229 131 23.46 29.00 0.81 (0.62, 1.05) —o—+
Main coronary outcomet
Overall 637 369 46.33 58.18 0.80 (0.67, 0.95) ——
Asian 104 57 29.12 33.81 0.86 (0.58, 1.29) —to—t—i P =0.6579
Non-Asian 533 312 53.44 68.74 0.78 (0.64, 0.95) —@—
Expanded coronary outcome$
Overall 793 443 59.67 71.80 0.83 (0.70, 0.99) —-
Asian 135 74 39.38 45.53 0.86 (0.59, 1.27) —je—i P =0.8012
Non-Asian 658 369 67.70 82.79 0.82 (0.68, 0.99) —o—
Coronary revascularization
Overall 372 213 25.83 30.29 0.85 (0.71, 1.03) —@
Asian 68 32 18.87 17.74 1.06 (0.69, 1.65) —t—to——1 P =0.2631
Non-Asian 304 181 28.73 35.40 0.81 (0.66, 0.996) — @
Hospitalization for unstable angina
Overall 156 74 12.52 12.11 1.08 (0.76, 1.41)
Asian 31 17 10.18 10.98 0.93 (0.48, 1.81) J_—r P =0.7203
Non-Asian 125 57 13.35 12.55 1.06 (0.75, 1.51)
Cerebrovascular outcomes
Stroke
Overall 179 80 11.49 10.43 1.10 (0.82, 1.49) ——
Asian 42 26 12.16 16.01 0.76 (0.41, 1.39) —_— P =0.1909
Non-Asian 137 54 11.20 8.83 1.27 (0.90, 1.78) O
TIA
Overall 44 26 2.44 2.92 0.84 (0.49, 1.44) ——
Asian 3 3 T s ¥ ¥
Non-Asian 41 23 ¥ ¥ ¥
Stroke/TIA
Overall 223 106 14.70 14.13 1.04 (0.80, 1.36) ——
Asian 45 29 13.07 18.15 0.72 (0.41,1.27) —_— P =0.1835
Non-Asian 178 77 15.15 12.97 1.17 (0.87, 1.58) —o—
Heart failure outcomes
HHF
Overall 177 144 11.85 20.46 0.58 (0.42, 0.81) ——
Asian 37 21 15.97 18.97 0.84 (0.39, 1.83) — et . P=0.3184
Non-Asian 140 123 10.88 20.55 0.53 (0.37, 0.76) —el—
CV death**/HHF
Overall 333 270 26.17 4711 0.56 (0.45, 0.69) —@—
Asian 56 43 20.67 36.15 0.57 (0.33, 0.996) —_— P =0.9254
Non-Asian 277 227 28.32 51.14 0.55 (0.44, 0.70) ——
All-cause hospitalization
Overall 3168 1863 241.98 291.62 0.83 (0.76, 0.91) L]
Asian 621 375 173.93 219.17 0.79 (0.65, 0.97) —et— P =0.6468
Non-Asian 2547 1488 268.73 320.91 0.84 (0.75, 0.93) &
Mortality
All-cause mortality't
Overall 269 194 19.55 28.52 0.69 (0.57, 0.83) ——
Asian 41 32 8.14 12.79 0.64 (0.40, 1.01) —e——1 P =0.7470
Non-Asian 288 162 25.49 36.82 0.69 (0.57, 0.85) ——
CV deathtt
Overall 172 137 11.85 19.10 0.62 (0.50, 0.78) —@—
Asian 22 25 4.85 11.04 0.44 (0.25, 0.78) L ———_—— P =0.2039
Non-Asian 150 112 15.26 23.21 0.66 (0.51, 0.84) —lo—
T T T 1
0.125  0.25 0.5 1 2
Favours empagliflozin  Favours placebo
FIGURE 2 Legend on next page.
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baseline characteristics were balanced between the treatment groups

within Asian and non-Asian populations.°

3.2 | Number of events

Among Asian participants, 137 (9.0%) experienced at least one event
of the primary endpoint 3-point major adverse CV events, of whom
32 subsequently experienced a recurrent event (Figure 1A). The num-
ber of total (first plus recurrent) events of 3-point major adverse CV
events was 169, equating to an increase in events of 23.4% versus
first events only (Figure 1B). A substantially higher increase in total
versus first events was observed with all-cause hospitalization, with
an increase of 82.8% to, in total, 996 events. Similarly, an increased
number of events with total versus first event analyses was observed
with most measured outcomes, including CV death/HHF and stroke,

with a 33.8% and 17.2% increase respectively.

3.3 | Baseline characteristics by number of events

The event rates of the placebo group were lower in the Asian versus
the non-Asian subgroup for all CV, mortality and hospitalization out-
comes measured, except for stroke outcomes (Figure 2). Among the
Asian placebo group, those who experienced one or more event of
all-cause hospitalization had a more adverse CV risk profile
(e.g. higher age, higher systolic blood pressure, lower kidney function
and higher frequency of albuminuria) compared with those who expe-
rienced no events (Table S2). For the primary outcome (3-point major
adverse CV events), the main coronary outcome, and HHF, too few
participants in the placebo group experienced >1 event overall and/or
there were too few participants in the placebo group with events
within each baseline factor (<15 participants) for any conclusions to

be drawn (data not shown).

3.4 | CV, mortality and hospitalization event rates
The effect of empagliflozin in Asian participants was consistent with the
non-Asian population and with the overall population for all CV and hos-
pitalization outcomes analysed (interaction p > .05 for all outcomes;
Figure 2).

In the Asian population, empagliflozin versus placebo significantly
reduced the risk of total events of the primary outcome, 3-point major
adverse CV events, by 39% [rate ratio (RR) (95% Cl) 0.61 (0.43, 0.89)]
with a consistent effect for the individual 10 mg and 25 mg
empagliflozin doses, and the key secondary outcome, 4-point major
adverse CV events, by 33% [0.67 (0.48, 0.93)] (Figures 2 and 3).

In the overall EMPA-REG OUTCOME trial population, based on
total events, empagliflozin versus placebo significantly reduced the risk
of Ml by 21% [0.79 (0.62, 0.998)], the main coronary outcome by 20%
[0.80 (0.67, 0.95)], and the expanded coronary outcome by 17% [0.83
(0.70, 0.99)] (Figure 2). No difference was observed between
empagliflozin and placebo in the risk of stroke, TIA, and composite of
stroke and TIA: 1.10 (0.82, 1.49), 0.84 (0.49, 1.44) and 1.04 (0.80, 1.36),
respectively. The RR for total events of Ml in the Asian population was
directionally similar to observations in the overall population: 0.67 (0.38,
1.18) (interaction p > .05). Likewise, the RRs for total events of the main
and expanded coronary outcomes in the Asian population were also
directionally similar to those observed in the overall population (interac-
tion p >.05). Consistent with the overall population, no difference in
total events of stroke was observed between empagliflozin and placebo,
RR (95% Cl) 0.76 (0.41, 1.39) in the Asian population, nor for the com-
posite of stroke and TIA, 0.72 (0.41, 1.27). For TIA alone, no model was
produced in the Asian and non-Asian populations as fewer than two
groups fulfilled the analysis requirements.

The risk of total events of HHF was reduced with empagliflozin ver-
sus placebo by 42% in the overall population [RR (95% Cl) 0.58 (0.42,
0.81)]; total events of the composite of CV death and HHF by 44%
[0.56 (0.45, 0.69)]; all-cause mortality by 31% [0.69 (0.57, 0.83)]; and CV
death by 38% [0.62 (0.50, 0.78)]. Consistent with this, the risk of total
events of the composite of CV death and HHF, all-cause mortality, and
CV death were also reduced with empagliflozin versus placebo in the
Asian population [0.57 (0.33, 0.996), 0.64 (0.40, 1.01) and 0.44 (0.25,
0.78), respectively]. A directionally similar effect on the risk of HHF was
suggested in the Asian population: 0.84 (0.39, 1.83), consistent with the

overall population (interaction p > .05).

3.5 | Causes of hospitalization

A 17% relative risk reduction with empagliflozin versus placebo in
total events of all-cause hospitalization was observed in the overall
population, which is consistent with our findings in the Asian

FIGURE 2 Comparison of pooled empagliflozin versus placebo total (first plus recurrent) events in Asian versus non-Asian participants. Pooled
empagliflozin group includes participants who received either 10 mg or 25 mg doses. Outcomes included fatal and non-fatal events unless otherwise
stated. The 3-point major adverse CV events event rate ratios (95% Cl) for the individual empagliflozin doses versus placebo were 0.67 (0.44, 1.01) for
empagliflozin 10 mg and 0.56 (0.35, 0.88) for empagliflozin 25 mg in the Asian population and 0.78 (0.64, 0.96) and 0.87 (0.71, 1.06), respectively, in
the non-Asian population. Participating countries from Asia: Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka,
Taiwan and Thailand. *Negative binomial model used for the race subgroup analysis included age as a linear covariate and treatment, sex, baseline BMI
category, baseline HbA1c category, baseline eGFR category, geographical region, race (categorical) and treatment by race (categorical) interaction as
fixed effects. TMI/coronary revascularization. "Ml/coronary revascularization/hospitalization for unstable angina. *There were fewer than 14 events in
one subgroup, therefore no analysis was performed. **Excluding fatal stroke. TTPoisson regression model, including age as linear covariate, and sex,
baseline HbA1c, baseline eGFR, geographical region, baseline body mass index, race (categorical) and treatment by race (categorical) interaction as fixed
effects. BMI, body mass index; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HbAlc, glycated haemoglobin;
HHF, hospitalization for heart failure; MI, myocardial infarction; TIA, transient ischaemic attack
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population [21% risk reduction, RR (95% Cl) 0.79 (0.65, 0.97)] and in
the non-Asian population. As previously reported, the most common
reasons for hospitalization in the overall trial population (based on
MedDRA System Organ Class terms) were cardiac disorders (13.7% of
participants), infections and infestations (8.9%), and nervous system
disorders (6.2%); with a consistently lower rate of events across most

types of hospitalizations with empagliflozin versus placebo.??

3.6 | All-cause hospitalization by order of events
WLW analyses of total events by the order of events (time to 1st,
time to 2nd, time to 3rd event etc.) suggested that risk reductions
with empagliflozin versus placebo were numerically larger with
increasing order of events for all-cause hospitalization in the overall
population, with a p-value for the test for consistency of the treat-
ment effect across the order of events of .0256. A directionally similar
trend was suggested in the Asian population and non-Asian
populations; however, the test for consistency was only significant for
the non-Asian subgroup (Asian: p = .1420; non-Asian: p = .0253;
Figure 4).

3.7 | Effect of empagliflozin: East Asian population
The rate of events of investigated outcomes in the empagliflozin and
placebo treatment groups for the East Asian population were gener-

ally comparable with the overall Asian population (Table S1).

4 | DISCUSSION

Among the 1517 Asian participants (21.6%) in the EMPA-REG OUT-
COME trial, empagliflozin significantly reduced the relative risk of
total (first plus recurrent) events of 3-point major adverse CV events
by 39%, 4-point major adverse CV events by 33%, CV death/HHF
composite by 43%, and all-cause hospitalization by 21%. These
effects were consistent between the Asian, non-Asian (all interaction
p >.05) and overall population, in line with previous time-to-first
event analyses of EMPA-REG OUTCOME Asian participants.2® Simi-
larly, a recent meta-analysis of SGLT2 inhibitor clinical trials showed

that effects on HbA1c levels, fasting plasma glucose, body weight and
systolic blood pressure were also consistent between Asian and non-
Asian populations.2®

Because of the inclusion of recurrent events, the data in this anal-
ysis add substantial clinical information to the existing paucity of total
events data for CV and hospitalization outcomes in Asian populations
with T2D, who are known to be at high clinical risk. In this analysis of
the EMPA-REG OUTCOME Asian population, the number of total
events included was substantially greater than the number of events
included in time-to-first event analyses for almost all outcomes mea-
sured. For example, there was a 23% increase in 3-point major
adverse CV events and an 83% increase in all-cause hospitalization
(169 vs. 137, and 996 vs. 545, respectively) when assessing total
events versus first events only. The numerically higher event rates
observed when analysing total versus first events only might be more
representative of the known high residual risk of T2D complications
and CV disease.”11:12:14

To our knowledge, except for a numerically lower rate of all-
cause hospitalizations reported with sotagliflozin versus placebo
in a relatively limited number of patients (in total, 13) with T2D
after worsening HF from Korea,?” the present study is the first
to assess the effects of SGLT2 inhibitors on all-cause hospitaliza-
tion of Asian participants with T2D from a randomized controlled
trial. We found that the risk of all-cause hospitalization (which
was the outcome with the largest number of events in both
Asian and non-Asian populations: >900 events in the Asian popu-
lation and >4000 events in the non-Asian population), was
reduced by >20% in the Asian population [RR (95% CI) 0.79
(0.65, 0.97)], consistent with the non-Asian population, with
broad implications for the total burden of disease. Moreover, a
trend of increasing risk reduction of all-cause hospitalization with
empagliflozin by increasing order of event (1st event, 2nd event,
3rd event etc.) was suggested in the Asian and non-Asian sub-
groups, in line with the more pronounced treatment effect with
total versus first events previously observed in the overall
EMPA-REG OUTCOME population.?? Significance in the test for
consistency of effect size across the order of all-cause hospitali-
zation events was only reached for the non-Asian population;
however, this lack of statistical significance might be the result
of relatively limited event numbers for higher orders of events in

the Asian population.

FIGURE 3 Mean cumulative function curves of pooled empagliflozin versus placebo, including total (first plus recurrent) events in Asian
participants, A, 3-Point major adverse CV events (primary endpoint), B, 4-Point major adverse CV events (key secondary endpoint), and C,
All-cause hospitalization. Pooled empagliflozin group includes participants who received either 10 mg or 25 mg doses. Outcomes included fatal
and non-fatal events. Participating countries from Asia: Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka,
Taiwan and Thailand. *Negative binomial model used for the race subgroup analysis included age as a linear covariate and treatment, sex, baseline
BMI category, baseline HbA1c category, baseline eGFR category, geographical region, race (categorical), and treatment by race (categorical)
interaction as fixed effects. 3-point major adverse CV events is the composite of CV death, Ml and stroke. 4-point major adverse CV events is the
composite of CV death, Ml, stroke and hospitalization for unstable angina. The mean cumulative function shows the population mean cumulative
number of events up to time t. BMI, body mass index; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate;

HbA1c, glycated haemoglobin; MI, myocardial infarction
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Pooled
empagliflozin

Placebo

No. of participants n/N (%)

HR* (95% CI)

P-value

(overall population)

All-cause hospitalization
21 event
Overall 1725/4687 (36.8) 925/2333 (39.6) 0.89 (0.82, 0.96) o 0.0035
Asian 350/1006 (34.8) 195/511 (38.2) 0.89 (0.74, 1.06)
Non-Asian 1375/3680 (37.4) 730/1822 (40.1) 0.89 (0.81, 0.97) -
22 events
Overall 738/4687 (15.7) 404/2333 (17.3) 0.89 (0.79, 1.00) =0 0.0555
Asian 145/1006 (14.4) 88/511 (17.2) 0.81 (0.62, 1.06)
Non-Asian 593/3680 (16.1) 316/1822 (17.3) 0.90 (0.79, 1.04) o
23 events
Overall 343/4687 (7.3) 210/2333 (9.0) 0.79 (0.67, 0.94) —o— 0.0085
Asian 66/1006 (6.6) 36/511 (7.0) 0.88 (0.58, 1.33)
Non-Asian 277/3680 (7.5) 174/1822 (9.5) 0.77 (0.63, 0.93) —e—i
24 events
Overall 167/4687 (3.6) 125/2333 (5.4) 0.66 (0.52, 0.83) —e— 0.0004
Asian 34/1006 (3.4) 20/511 (3.9) 0.81 (0.46, 1.43)
Non-Asian 133/3680 (3.6) 105/1822 (5.8) 0.62 (0.48, 0.80) —e—i
25 events
Overall 83/4687 (1.8) 72/2333 (3.1) 0.57 (0.42,0.78) —— 0.0005
Asian 13/1006 (1.3) 12/511 (2.3) 0.48 (0.21, 1.11)
Non-Asian 70/3680 (1.9) 60/1822 (3.3) 0.57 (0.41, 0.81) —e—
26 events
Overall 45/4687 (1.0) 48/2333 (2.1) 0.47 (0.31, 0.70) —— 0.0003
Asian 5/1006 (0.5) 9/511 (1.8) 0.20 (0.06, 0.66)
Non-Asian 40/3680 (1.1) 39/1822 (2.1) 0.51 (0.33, 0.79) —e——

0.03125 0.0625 0.125 0.25

Tests for consistency:
Overall P =0.0256
Asian P=0.1420
Non-Asian P =0.0253

0.5 1 2

Favours empagliflozin ~ Favours placebo

FIGURE 4 Comparison of pooled empagliflozin versus placebo time-to-event analyses of all-cause hospitalization by order of event according
to the Wei-Lin-Weissfeld model. Pooled empagliflozin group includes participants who received either 10 mg or 25 mg doses. Outcomes included
fatal and non-fatal events. n/N (%) represents ‘n with event(s)’/’total N’ (%). Participating countries from Asia: Hong Kong, India, Indonesia,
Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka, Taiwan and Thailand. Analysed population includes all participants who were given at
least one dose of study drug. *Analysed as HR of empagliflozin versus placebo for time to event. HRs were adjusted using a Wei-Lin-Weissfeld
model with factors for treatment, age, sex, baseline BMI, baseline HbA1c, baseline estimated glomerular filtration rate and geographical region;
test for consistency (provided as a p-value) is the test for equality of ratios of empagliflozin versus placebo over the event count across all orders
of events. Model and consistency test are applied in all participants and by race. Cl, confidence interval; BMI, body mass index; HbA1lc, glycated

haemoglobin; HR, hazard ratio

The clinical profile of patients with T2D in the Asian population is
known to differ from non-Asian populations.>® In particular, Asian
patients with T2D tend to have a lower BMI compared with non-
Asian patients, which is in line with the findings of the present study
(mean baseline BMI: 26.64 versus 31.72 kg/m? in the Asian and non-
Asian populations, respectively; Table 1). US studies have shown that
people of South Asian heritage have the highest BMI-specific T2D
prevalence among all ethnic groups.?® However, reassuringly, a recent
subgroup analysis of the EMPA-REG OUTCOME trial showed that
the cardiorenal benefits of empagliflozin were consistent regardless of
baseline BMI category, including among Asian participants.?? Likewise,
a recent rapid evidence assessment of glucose-lowering drugs
reporting CV or kidney outcomes reported consistent cardiorenal
effects between Asian and overall cohorts.*°

In the present study, among those treated with placebo, CV out-
come event rates were lower in the Asian versus non-Asian
populations, except for stroke, which was higher in the Asian popula-
tion, consistent with previous studies.?® This is in line with the known
higher risk of stroke in the Asian population in comparison with West-
ern populations.”*? Reassuringly, in the overall and Asian populations,

our analyses showed no significant difference in the risk of total

events of the stroke-related outcomes with empaglifiozin versus
placebo.

Asian participants who received placebo and experienced one or
multiple events of all-cause hospitalization tended to have a more
adverse baseline CV risk profile than those who did not (Table S2),
which is in line with the findings of a previous study investigating
recurrent events in the overall EMPA-REG OUTCOME population.??
The suggested trend of increasing baseline CV risk profile with
increasing number of events (0, 1 and >1) supports the relevance of
investigating treatment effects on total events, including in the Asian
population. As previously reported, placebo participants in the overall
EMPA-REG OUTCOME population who experienced events of the
primary outcome (3-point major adverse CV events), main coronary
outcome, and HHF also tended to have a more adverse baseline CV
risk profile compared with those who did not??; however, in the Asian
population, the number of participants with these outcomes within
each baseline factor in the placebo group were too small to draw
conclusions.

In the present analysis, we found that the rate of total (first plus
recurrent) events in the empagliflozin and placebo treatment groups

for the East Asian population were generally comparable with the
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overall Asian population. Similar to our findings, in a real-world setting
in Japan, Taiwan and South Korea, the EMPRISE East Asia observa-
tional cohort study found a lower risk of all-cause hospitalization
[HR (95% CI) 0.73 (0.67, 0.79)] but no difference in the risk of stroke
[0.77 (0.55, 1.09)] in those treated with empagliflozin versus those
treated with dipeptidyl peptidase-4 inhibitors.3%*? The EMPRISE East
Asia study also found a lower risk of HHF and all-cause mortality in
patients treated with empagliflozin versus dipeptidyl peptidase-4
inhibitors [HR (95% CI), 0.82 (0.71, 0.94) and 0.64 (0.50, 0.81),
respectively].3132

The strengths of this analysis include pre-specification of total
event analyses for the statistical model and several outcomes in the
overall population, including the primary outcome (3-point major
adverse CV events), MI, stroke and HHF; however, all subgroup ana-
lyses were performed post hoc. All CV outcomes and deaths were
centrally adjudicated by a blinded event committee. In addition, com-
pared with existing evidence,2° this analysis provides more statistically
robust results by analysing events beyond the first occurrence. Other
strengths of this analysis include: the use of statistical models that
preserve randomization, accounting for within-patient correlation of
multiple events and different follow-up times; over time plots
supported a constant event rate; and we included both fatal and non-
fatal events in the analyses.

A limitation of this post hoc analysis is that participants who iden-
tified themselves as Asian were heterogeneous with respect to
genetic, environmental and cultural factors. Most Asian participants
were from countries in Asia (1345 of 1517; 89%); therefore, the num-
ber of Asian participants who were not from Asian countries was too
small for analysis. This is a possible limitation of the present study, as
the impact of geographical location (Asia vs. not Asia) on the study
outcomes in Asian participants is unknown. Another limitation is that
the analyses were not adjusted for multiplicity. In addition, the EMPA-
REG OUTCOME trial included patients with T2D and atherosclerotic
CV disease followed for a median duration of 3.1 years, which might
limit the generalizability of the findings of this analysis to other
settings.

In conclusion, our data suggest relevant and sizeable clinical bene-
fits of empagliflozin on the total burden of CV and hospitalization out-
comes, including those associated with atherosclerosis and HF, in

Asian patients with T2D and established atherosclerotic CV disease.
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