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ABSTRACT

BACKGROUND Patients with heart failure with reduced ejection fraction (HFrEF) in Asia exhibit many differences from
those in other parts of the world.

OBJECTIVES This study sought to investigate the efficacy and safety of dapagliflozin, compared with placebo, in HFrEF
patients in Asia, compared with those elsewhere, enrolled in the DAPA-HF (Dapagliflozin and Prevention of
Adverse-outcomes in Heart Failure) trial.

METHODS Patients in New York Heart Association functional class Il to IV with a left ventricular ejection fraction =40%
and elevated N-terminal pro-B-type natriuretic peptide were eligible for the DAPA-HF trial. The primary

outcome in the DAPA-HF trial was the composite of an episode of worsening HF (HF hospitalization or urgent

HF visit requiring intravenous therapy) or cardiovascular death.

RESULTS Of the 4,744 patients in the DAPA-HF trial, 1,096 (23.1%) were enrolled in Asia; 721 (15.2% overall, 65.8% of
patients in Asia) were enrolled in East Asia (237 in China, 343 in Japan, and 141 in Taiwan), 138 (2.9% overall, 12.6%

in Asia) in South-East Asia (Vietnam), and 237 (5.0% overall, 21.6% in Asia) in South Asia (India). Patients from Asia

had similar rates of worsening HF events and mortality compared with patients elsewhere. Compared with placebo,
dapagliflozin reduced the risk of the primary endpoint to the same extent in patients from Asia (HR: 0.65; 95% Cl:

0.49 to 0.87) as elsewhere (HR: 0.77; 95% Cl: 0.66 to 0.89) (P for interaction = 0.32). Consistent benefits were
observed for the other prespecified outcomes and among the regions of Asia. Study drug discontinuation and

prespecified adverse events did not differ between regions.

CONCLUSIONS Dapagliflozin, compared with placebo, reduced the risk of worsening HF events and cardiovascular death
to the same extent in Asian patients as elsewhere. (Study to Evaluate the Effect of Dapagliflozin on the Incidence

of Worsening Heart Failure or Cardiovascular Death in Patients With Chronic Heart Failure [DAPA-HF];

NCT03036124) (JACC: Asia 2022;2:139-153) © 2022 The Authors. Published by Elsevier on behalf of the
American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

ACE = angiotensin-converting
enzyme

ARB = angiotensin receptor
blocker

BMI = body mass index

eGFR = estimated glomerular
filtration rate

HF = heart failure

HFrEF = heart failure with
reduced ejection fraction

KCCQ-TSS = Kansas City
Cardiomyopathy Questionnaire
total symptom score

LVEF = left ventricular ejection
fraction

NT-proBNP = N-terminal pro-
B-type natriuretic peptide

NYHA = New York Heart
Association

SBP = systolic blood pressure

SGLT2 = sodium-glucose
cotransporter 2

odium-glucose cotransporter 2 (SGLT2)

inhibitors have recently been shown to

be of therapeutic value in patients with
type 2 diabetes, chronic kidney disease,
and heart failure with reduced ejection frac-
tion (HFrEF), conditions that commonly
coexist and are interrelated pathophysiologi-
cally."® However, differences between pa-
tients in Asia and elsewhere, and among
patients in different regions of Asia, have
been reported for each of these condi-
tions.'°3°> Because of this, a full understand-
ing of the efficacy and tolerability of SGLT2
inhibitorsin Asian patients is clinically impor-
tant, especially as nearly 60% of people in the
world live in Asia, and China and India
together constitute about 37% of the global
population.

Patients in Asia develop type 2 diabetes at
an earlier age, possibly reflecting different
genetic susceptibility, and with a lower body
mass index (BMI), compared with Western
patients.'® Asian patients may have higher

visceral adiposity, despite lower BMI, and greater
pancreatic beta cell dysfunction.''*'° East Asian
patients with type 2 diabetes have a higher risk of
developing kidney disease than in any other region of
the world but may respond more favorably to renin-

angiotensin system blockade.??"**

Patients with

HFTEF in Asia also differ markedly from elsewhere,

and there is also considerable heterogeneity within

Asia.”°"?7 In most Asian countries, HF develops at a
much younger age than in the West and is less likely
to be caused by coronary artery disease, particularly
in East Asia. Asian patients with HFrEF have a lower

BMI and blood pressure than those in Europe and
North America.?°"?” Concomitant atrial fibrillation is
less frequent in Asian patients, and natriuretic pep-
tide concentrations lower, than among patients in the
West.”°?7-33 The use of HFIEF treatment varies
markedly between Asia and Europe and North
America, with much lower use of diuretics and de-
vices but greater use of digoxin (although consider-
able heterogeneity exists within Asia).??*”
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Also relevant is the salt-sensitive hypertension
phenotype reported in Asia, possibly reflecting
reduced ability to excrete a sodium load. Coupled
with possible differences in pharmacogenetic back-
ground, these considerations make a detailed anal-
ysis of the efficacy and safety of SGLT2 inhibitors in
Asian patients of interest.' #3435 Therefore, we have
examined these outcomes in patients randomized in
Asia in the DAPA-HF (Dapagliflozin and Prevention of
Adverse-outcomes in Heart Failure) trial.®3¢-37

METHODS

The DAPA-HF trial was a randomized, double-blind
trial that evaluated the efficacy and safety of dapa-
gliflozin 10 mg once daily compared with matching
placebo in patients with HFrEF. Randomized therapy
was added to standard background treatment. All
patients provided written informed consent and the
trial protocol was approved by Ethics Committees at
the 410 participating investigative centers.

PATIENTS RANDOMIZED. People in New York Heart
Association (NYHA) functional class II to IV with a
diagnosis of HF for =2 months were eligible if they
had an left ventricular ejection fraction (LVEF) =40%,
modest elevation of N-terminal pro-B-type natri-
uretic peptide (NT-proBNP), and were optimally
treated with pharmacological and device therapy for
HFTEF. Key exclusion criteria included type 1 dia-
betes, symptoms of hypotension or systolic blood
pressure <95 mm Hg, and estimated glomerular
filtration rate (eGFR) <30 mL/min/1.73 m?.

ASIAN COUNTRIES AND REGIONS. Patients were
recruited in 20 countries, including 5 in Asia.®3?
Three of these 5 were in East Asia (China, Japan, and
Taiwan), 1 in South-East Asia (Vietnam), and 1 in
South Asia (India).

CLINICAL OUTCOMES. The primary outcome was the
composite of an episode of worsening HF (HF hospi-
talization or an urgent visit for worsening HF
involving administration of intravenous therapy) or
cardiovascular death, whichever occurred first. The
secondary outcomes were the occurrence of HF
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TABLE 1 Baseline Characteristics Overall and According to Geographic Region (Asia, Outside Asia, and Among Regions of Asia)

Asia vs. Outside

Overall Outside Asia Asia Asia East Asia South Asia South-East Asia Within Asia
(N =4,744) (n =3,648) (n =1,096) (P value) (n=721) (n =237) (n =138) (P Value)
Age, y 66.3 +10.9 67.2 +£10.2 633 +12.4 <0.001 66.1+11.8 56.6 + 11.1 60.7 £ 12.5 <0.001
Sex <0.001 <0.001

Female 1,709 (23.4) 901 (24.7) 208 (19.0) 112 (15.5) 54 (22.8) 42 (30.4)

Male 3,635 (76.6) 2,747 (75.3) 888 (81.0) 609 (84.5) 183 (77.2) 96 (69.6)

Race <0.001 on

White 3,333 (70.3) 3,332 (91.3) 1(0.1) 0 (0) 0 (0) 1(0.7)

Black 226 (4.8) 226 (6.2) 0 (0) 0 (0) 0 (0) 0 (0)

Asian 1,116 (23.5) 22 (0.6) 1,094 (99.8) 720 (99.9) 237 (100) 137 (99.3)

Other 69 (1.5) 68 (1.9) 1(0.1) 1(0.1) 0 (0) 0 (0)

NYHA functional class <0.001 <0.001

Il 3,203 (67.5) 2,377 (65.2) 826 (75.4) 520 (72.1) 191 (80.6) 115 (83.3)

n 1,498 (31.6) 1,252 (34.3) 246 (22.4) 177 (24.5) 46 (19.4) 23 (16.7)

v 43 (0.9) 19 (0.5) 24 (2.2) 24 (3.3) 0 (0.0) 0 (0.0)

Heart rate, beats/min 715 £ 1.7 70.6 £ 11.5 743 £12.0 <0.001 732 £12.0 78.6 £10.9 731 +£11.6 <0.001

Systolic blood pressure, mm Hg ~ 121.8 £ 16.3 122.9 £ 16.2 118.3 +£16.3 <0.001 118.9 £ 16.7 117.0 £ 14.5 17.0 £ 16.9 0.19

Left ventricular ejection 311+ 6.8 312 + 6.8 30.5 + 6.6 0.001 314 + 6.3 27.8 £ 6.3 303 +72 <0.001
fraction, %

=30% 2,161 (45.6) 1,616 (44.3) 545 (49.7) 0.002 305 (42.3) 175 (73.8) 65 (47.1) <0.001
NT-proBNP, pg/mL 1,437 1,464 1,368 0.022 1,420 1,416 996 <0.001

(857-2,650) (874-2721) (812-2,436) (872-2,485) (759-2,665) (606-1,993)
AF on baseline ECG 1,948 1,981 1,878 0.41 1,898 2,116 1,563 0.10
(1,265-3,204) (1,275-3,259) (1,236-2,985) (1,239-3,049) (1,846-3110) (1,084-2,286)

No AF on baseline ECG 1,290 (772-2,415) 1,302 (778-2,471) 1,249 (746-2267) 0.30 1,271 (800-2,242) 1,383 (746-2634) 848 (567-1,887) <0.001
KCCQ-TSS? 77.1 (58.3-91.7) 75.0 (56.2-89.6) 86.5 (71.9-96.9) <0.001 88.5 (75.0-97.9) 79.2 (65.6-90.1) 86.5(76.0-100.0) <0.001
KCCQ-CSS 74.3 (56.9-88.2) 70.8 (54.3-86.1) 81.9 (69.4-93.1) <0.001 83.3(72.2-94.4) 73.6 (61.1-85.3) 81.9 (68.1-95.6)  <0.001
KCCQ-0SS 70.8 (53.6-85.0) 68.8 (51.2-84.6) 77.2 (63.3-87.5) <0.001 79.3 (67.2-89.2) 67.7 (53.5-81.2) 77.1(57.9-89.2) <0.001
Body mass index, kg/m? 28.2 + 6.0 294 +59 242 + 4.2 <0.001 245+ 4.4 239 + 4.1 229 +34 <0.001

=30 kg/m? 1672 (35.3) 1,564 (42.9) 108 (9.9) <0.001 83 (11.5) 21(8.9) 4(2.9) 0.007
Principal cause of heart failure <0.001 0.002

Ischemic 2,674 (56.4) 2,145 (58.8) 529 (48.3) 328 (45.5) 119 (50.2) 82 (59.4)

Nonischemic 1,687 (35.6) 1,224 (33.6) 463 (42.2) 329 (45.6) 86 (36.3) 48 (34.8)

Unknown 383 (8.1) 279 (7.6) 104 (9.5) 64 (8.9) 32 (13.5) 8 (5.8)

Medical history

Hospitalization for heart failure 2,251 (47.4) 1,657 (45.4) 594 (54.2) <0.001 477 (66.2) 78 (32.9) 39 (28.3) <0.001

Atrial fibrillation 1,818 (38.3) 1,526 (41.8) 292 (26.6) <0.001 252 (35.0) 11 (4.6) 29 (21.0) <0.001

Type 2 diabetes 1,983 (41.8) 1,536 (42.1) 447 (40.8) 0.44 326 (45.2) 80 (33.8) 41(29.7) <0.001

Hypertension 3,523 (74.3) 2,905 (79.6) 618 (56.4) <0.001 454 (63.0) 78 (32.9) 86 (62.3) <0.001

PCl 1,624 (34.2) 1,290 (35.4) 334 (30.5) 0.003 251 (34.8) 50 (21.1) 33 (23.9) <0.001

CABG 799 (16.8) 696 (19.1) 103 (9.4) <0.001 78 (10.8) 16 (6.8) 9 (6.5) 0.082
eGFR of body surface area, 65.8 +19.4 64.5 +18.7 70.2 + 21.0 <0.001 67.7 +£ 20.4 76.9 + 221 714 +£203 <0.001

mL/min/1.73 m?
eGFR rate <60 mL/min/1.73 m?> 1,926 (40.6) 1,561 (42.8) 365 (33.3) <0.001 271 (37.6) 56 (23.6) 38 (27.5) <0.001
Device therapy

Implantable cardioverter- 1,242 (26.2) 1,148 (31.5) 94 (8.6) <0.001 80 (11.1) 13 (5.5) 1(0.7) <0.001

defibrillator”

Cardiac resynchronization 354 (7.5) 298 (8.2) 56 (5.1) <0.001 52 (7.2) 3(1.3) 1(0.7) <0.001

therapy©
Heart failure medication at
randomization visit

Diuretic 4,008 (84.5) 3,130 (85.8) 878 (80.1) <0.001 535 (74.2) 222 (93.7) 121 (87.7) <0.001

ACE inhibitor 2,661 (56.1) 2,146 (58.8) 515 (47.0) <0.001 303 (42.0) 154 (65.0) 58 (42.0) <0.001

ARB 1,307 (27.6) 896 (24.6) 41 (37.5) <0.001 293 (40.6) 42 (17.7) 76 (55.1) <0.001
=50% of target dose of 1,517 (38.4) 1,370 (45.2) 147 (15.9) <0.001 71 (12.0) 50 (25.5) 26 (19.4) <0.001

ACE inhibitor/ARB®

Sacubitril-valsartan 508 (10.7) 451 (12.4) 57 (5.2) <0.001 36 (5.0) 20 (8.4) 1(0.7) 0.005

Beta-blocker 4,558 (96.1) 3,556 (97.5) 1002 (91.4) <0.001 657 (91.1) 224 (94.5) 121 (87.7) 0.066
=50% of target dose of 2,349 (51.5) 2,183 (61.4) 166 (16.6) <0.001 17 (17.8) 14 (6.2) 35 (28.9) <0.001

beta-blocker®

MRA 3,370 (71.0) 2,600 (71.3) 770 (70.3) 0.52 456 (63.2) 180 (75.9) 134 (97.1) <0.001

Continued on the next page
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TABLE 1 Continued

Asia vs. Outside

Overall Outside Asia Asia Asia East Asia South Asia South-East Asia Within Asia
(N = 4,744) (n =3,648) (n =1,096) (P value) (n =1721) (n =237) (n =138) (P Value)
=50% of target dose of MRA® 2,953 (87.6) 2,402 (92.4) 551 (71.6) <0.001 248 (54.4) 177 (98.3) 126 (94.0) <0.001
Digitalis 887 (18.7) 649 (17.8) 238 (21.7) 0.003 144 (20.0) 54 (22.8) 40 (29.0) 0.057
Anticoagulant 1,969 (41.5) 1,666 (45.7) 303 (27.6) <0.001 261 (36.2) 15 (6.3) 27 (19.6) <0.001
History of AF 1,529/1,818 (84.1) 1,311/1,526 (85.9) 218/292 (74.7) <0.001 192/252 (76.2) 3/11 (27.3) 23/29 (79.3) 0.001
No history of AF 440/2,926 (15.0) 355/2,122 (16.7)  85/804 (10.6) <0.001 69/469 (14.7) 12/226 (5.3) 4/109 (3.7) <0.001

Values are mean + SD, n (%), median (IQR), or n/n (%). Percentages may not total 100 because of rounding. The countries included in the Asia regions were from East Asia—China (n = 237), Japan (n = 343),
Taiwan (n = 141); South Asia—India (n = 237); and South-East Asia—Vietnam (n = 138). *Range from O to 100, with higher scores indicating fewer symptoms and physical limitations associated with heart
failure. A score of 75 or above is considered to reflect satisfactory health status. “Either implantable cardioverter-defibrillator or cardiac resynchronization therapy with a defibrillator. “Cardiac resynch-
ronization therapy with or without a defibrillator. “Percentages are of those taking the medication at baseline and with available dose information.

ACE = angiotensin-converting enzyme; AF = atrial fibrillation; ARB = angiotensin-receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; CABG = coronary artery bypass grafting;
ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; KCCQ-CSS = Kansas City Cardiomyopathy Questionnaire clinical summary score; KCCQ-OSS = Kansas City Cardiomyopathy Ques-
tionnaire overall summary score; KCCQ-TSS = Kansas City Cardiomyopathy Questionnaire total symptom score; LVEF = left ventricular ejection fraction; MRA = mineralocorticoid receptor antagonist; NT-
proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart association; PCl = percutaneous coronary intervention.

hospitalization or cardiovascular death (we also
examined the components of this composite); total
HF hospitalizations (first and repeat) or cardiovascu-
lar death; change from baseline to 8 months in Kansas
City Cardiomyopathy Questionnaire total symptom
score (KCCQ-TSS); a composite worsening renal
function endpoint; and all-cause mortality. Because
there were few renal events overall, this endpoint
was not analyzed in the present subgroup analysis.
Several exploratory endpoints were prespecified,
including change from baseline in systolic blood
pressure (SBP), weight, hematocrit, and eGFR.

Prespecified safety analyses included serious
adverse events, adverse events leading to discontin-
uation of randomized treatment, and “adverse events
of interest.”

STATISTICAL ANALYSES. Baseline characteristics
were summarized as frequency and percentage, mean
+ SD, or median (IQR).

Time-to-event data for the primary outcome and
secondary clinical outcomes, regardless of treatment
allocation, were estimated using the Kaplan-Meier
method and Cox proportional hazards models, strati-
fied according to diabetes mellitus status, with a his-
tory of HF hospitalization and treatment group
assignment as fixed-effect factors to calculate HRs,
95% Cls, and 2-sided P values. Total, including recur-
rent, events were evaluated with semiparametric
proportional rates models, as described previously.®
The models for all-cause death did not include an
adjustment for history of HF hospitalization. In addi-
tion, adjusted HRs were calculated from models
including age, sex, heart rate, SBP, BMI, HF etiology,
LVEF, NYHA functional class, NT-proBNP, atrial
fibrillation, and eGFR.

The efficacy of dapagliflozin in Asia as a whole, and
according to Asian country or region, was also
examined using Cox proportional hazards models
stratified according to diabetes status, with a history
of HF hospitalization and treatment group assign-
ment as explanatory variables (for all-cause death,
history of HF hospitalization was not included in the
model). The presence of a treatment effect interaction
with geographical region (Asia vs non-Asia) was
examined by means of inclusion of a region-by-
treatment interaction term in these models.

The difference between groups in the change in
KCCQ-TSS from baseline to 8 months in surviving
patients was analyzed using a linear regression model
adjusting for baseline value. Responder analyses
were also carried out, calculating the proportions of
patients with a clinically meaningful change (=5
points) in KCCQ-TSS by 8 months, with the treatment
effect expressed as an OR. Multiple imputation was
used to account for missing KCCQ-TSS values using
methods described previously.®3®

Longitudinal measures, including SBP, weight,
hematocrit, and eGFR, were analyzed using a mixed-
effect model for repeated measurements with un-
structured covariance (adjusted for baseline values,
visit, randomized treatment, and interaction of
treatment and visit with a random intercept and slope
per patient). The least-squares mean differences be-
tween treatment groups were estimated with 95% CIs
and plotted for each group.

The effect of dapagliflozin, compared with placebo,
on the incidence of new onset diabetes in patients
without diabetes at baseline was examined using lo-
gistic regression as previously described.*®

For prespecified safety outcomes, interaction
P values were derived from logistic regression models
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including an interaction term between region (Asia/
outside Asia) and randomized treatment.

All analyses were conducted using STATA version
16.1 (StataCorp) and SAS version 9.4 (SAS Institute).
All analyses contained in this manuscript are post hoc
and should be considered as exploratory. A P value of
0.05 was considered statistically significant.

RESULTS

Of the 4,744 patients randomized in the DAPA-HF
trial, 1,096 (23.1%) were enrolled in Asia. Of these,
721 (15.2% overall, 65.8% of patients in Asia) were
enrolled in East Asia (237 in China, 343 in Japan, and
141 in Taiwan). Another 138 (2.9% overall, 12.6%
in Asia) patients were enrolled in South-East
Asia (Vietnam) and 237 (5.0% overall, 21.6% in Asia)
were in South Asia (India). Of the 1,096 patients
enrolled in Asia, 1,094 (99.8%) were reported to be of
Asian race, and hereafter the adjective “Asian” is
used to describe patients enrolled in an Asian
country.

PATIENT CHARACTERISTICS: ASIA VERSUS OVERALL
POPULATION. Patients in Asia were considerably
younger (mean 63.3 years of age) than those enrolled
outside Asia (67.2 years of age) and in the overall trial
population (66.3 years of age) (Table 1). More patients
in Asia (81.0%) were male, compared with partici-
pants enrolled outside Asia (75.3%) and in the trial
overall (76.6%). Asian patients had a much lower BMI
and less evidence of coronary heart disease than in
the trial overall. The proportion of patients enrolled
in Asia with a BMI =30 kg/m? was 9.9% versus 42.9%
among those enrolled outside Asia. The prevalence
of hypertension and chronic kidney disease
(eGFR <60 mL/min/1.73 m?) was lower than in Asian
patients than in the trial overall, whereas the preva-
lence of diabetes was similar. The prevalence of atrial
fibrillation was considerably lower in Asia (26.6%)
than in participants enrolled outside Asia (41.8%) and
in the trial overall (38.3%). Patients in Asia had a
higher heart rate and lower SBP than those from
outside Asia.

Patients in Asia had a higher (better) median
KCCQ-TSS, and a more favorable NYHA functional
class distribution, than in the trial overall cohort, and
a slightly lower NT-proBNP. Examination of patients
according to presence or absence of atrial fibrillation
or flutter on the baseline electrocardiogram showed
that NT-proBNP was still lower in Asian patients,
irrespective of rhythm. Mean LVEF was similar in
participants enrolled in Asia and the trial overall, but
a history of HF hospitalization was more common
among patients from Asia.

Docherty et al 143
Dapagliflozin in Asian Patients

TABLE 2 Cardiovascular Outcomes in Patients Enrolled in Asia and Outside Asia

Patients Not
Enrolled in Asia
(n =3,648)

Patients Enrolled
in Asia
(n =1,096)

Primary composite endpoint®

13.9 (12.0-16.0)
1.00 (0.85-1.18), P = 0.98
1.19 (0.99-1.42), P = 0.06

13.4 (12.5-14.5)
1.00 (referent)
1.00 (referent)

Event rate per 100 person-y
Unadjusted HR (95% CI)
Adjusted HR (95% ClI)
Cardiovascular death
6.7 (5.5-8.2)
0.93 (0.74-1.16), P = 0.50
0.98 (0.77-1.26), P = 0.90

7.3 (6.6-8.1)
1.00 (referent)
1.00 (referent)

Event rate per 100 person-y
Unadjusted HR (95% ClI)
Adjusted HR (95% ClI)
Worsening HF event
8.6 (7.2-10.3)
0.95 (0.77-1.16), P = 0.60
1.22 (0.98-1.53), P = 0.08

8.6 (7.8-9.4)
1.00 (referent)
1.00 (referent)

Event rate per 100 person-y
Unadjusted HR (95% ClI)
Adjusted HR (95% ClI)
All-cause mortality
7.6 (6.3-9.2)
0.86 (0.70-1.05), P = 0.15
0.93 (0.74-1.17), P = 0.56

9.0 (8.2-9.8)
1.00 (referent)
1.00 (referent)

Event rate per 100 person-y
Unadjusted HR (95% CI)
Adjusted HR (95% ClI)

Total heart failure hospitalizations
and cardiovascular death®

18.5 (16.4-20.8)
0.96 (0.80-1.15), P = 0.62
1.13 (0.93-1.37), P = 0.23

19.0 (17.9-20.2)
1.00 (referent)
1.00 (referent)

Event rate per 100 person-y
Unadjusted RR (95% Cl)
Adjusted RR (95% CI)

Unadjusted analysis includes factors for Asia/not Asia, randomized treatment, and history of HF hospitalization
and is stratified by diabetes status. Adjusted analysis includes factors for Asia/not Asia, randomized treatment,
history of heart failure hospitalization, age, sex, heart rate, systolic blood pressure, BMI, ischemic etiology of
heart failure, LVEF, NYHA functional class, NT-proBNP, atrial fibrillation, and eGFR (and stratified by type 2
diabetes status). *The primary outcome was a composite of worsening heart failure (hospitalization or an urgent
visit resulting in intravenous therapy for heart failure) or death from cardiovascular causes. ®Risk estimate
presented is a rate ratio (RR).

Abbreviations as in Table 1.

Compared with the trial overall, patients in Asia
were more likely to be treated with an angiotensin
receptor blocker (ARB) (37.5% in Asia and 27.6%
overall) and digoxin (21.7% vs 18.7%) but were less
likely to be treated with a diuretic (80.1% vs 84.5%),
sacubitril/valsartan (5.2% vs 10.7%), a defibrillating
device (8.6% vs 26.2%), or cardiac resynchronization
therapy (5.1% vs 7.5%). Mineralocorticoid receptor
antagonist use was similar (70.3% vs 71.0%). Use of
anticoagulation was particularly low in Asia (27.6%)
compared with overall (41.5%), even accounting for
the difference in the prevalence of atrial fibrillation.
Of those taking the medications at baseline and with
available dose information, a lower proportion of
patients in Asia, as compared with the overall popu-
lation, were taking =50% of guideline-recommended
target doses of an angiotensin-converting enzyme
(ACE) inhibitor or ARB (15.9% Vs 38.4%), beta-blocker
(16.6% Vs 51.5%), and mineralocorticoid receptor
antagonist (71.6% vs 87.6%).

PATIENT CHARACTERISTICS: ALL ASIA VERSUS
ASIAN REGIONS/COUNTRIES. There was as much
variation within Asia as between Asia and the rest of
the world (Table 1). Age varied greatly across Asia, with
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FIGURE 1 Cumulative Incidence of Cardiovascular Outcomes According to Geographic Region
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The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous therapy for heart
failure. The cumulative incidences of the primary outcome, hospitalization for heart failure, death from cardiovascular causes, and death from any cause were estimated

with the use of the Kaplan-Meier method.

the youngest average age in South Asia (India) (56.6
years) and the oldest East Asia (66.1 years). Other
notable differences were the higher mean heart rate
(78.6 beats/min) and much lower mean LVEF (27.8%),
the prevalence of atrial fibrillation (4.6%) and chronic
kidney disease (23.6%), and history of hypertension
(32.9%) in South Asia, compared with Asia overall and
the trial overall. Device use was also particularly low in
South Asia. South-East Asia (Vietnam) also differed
markedly from Asia overall, with a lower median NT-
proBNP, BMI, prior HF hospitalization, and use of
sacubitril/valsartan, anticoagulants, and devices.

OUTCOMES IN PATIENTS ENROLLED IN ASIA.
Compared with participants enrolled outside Asia,
those enrolled in Asia had a similar risk of the primary

composite outcome of a worsening HF event or car-
diovascular death (Table 2, Figure 1). The risk of each
component of this composite was also similar in the 2
different geographic regions. The risk of all-cause
death was also similar in patients enrolled in Asia
and outside Asia. These findings remained similar
after adjustment for other prognostic variables
(Table 2).

EFFECTS OF DAPAGLIFLOZIN IN PATIENTS ENROLLED IN
ASIA. Primary composite outcome. Dapagliflozin
reduced the risk of worsening HF or cardiovascular
death to the same extent in patients enrolled in Asia
(HR: 0.65; 95% CI: 0.49 to 0.87) as in participants
enrolled outside Asia (HR: 0.77; 95% CI: 0.66 to 0.89),
with no interaction between geographical region and
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FIGURE 2 Effect of Dapagliflozin on Cardiovascular Outcomes According to Geographic Region

A Primary Composite Outcome
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TABLE 3 Effect of Dapagliflozin on Clinical Outcomes in Patients Enrolled in Asia and Outside Asia
Patients Enrolled in Asia (n = 1,096) Patients Not Enrolled in Asia (n = 3,648) .
Interaction
Dapagliflozin Placebo Dapagliflozin Placebo P Value
Primary composite outcome”
Number of events 77/543 (14.2) 114/553 (20.6) 309/1830 (16.9) 388/1818 (21.3)
Rate (95% ClI) 11.0 (8.8-13.7) 16.8 (14.0-20.2) 11.7 (10.5-13.1) 15.2 (13.8-16.8)
HR (95% ClI) 0.65 (0.49-0.87) 0.77 (0.66-0.89) 0.32
Cardiovascular death
Number of events 44/543 (8.1) 54/553 (9.8) 183/1830 (10.0) 219/1818 (12.0)
Rate (95% Cl) 6.1(4.5-8.2) 7.4 (5.6-9.6) 6.6 (5.7-7.7) 8.1(7.1-9.2)
HR (95% ClI) 0.83 (0.56-1.23) 0.82 (0.67-1.00) 0.97
Worsening heart failure event®
Number of events 42/543 (7.7) 76/553 (13.7) 195/1830 (10.7) 250/1818 (13.8)
Rate (95% Cl) 6.0 (4.4-8.1) 11.2 (9.0-14.1) 7.4 (6.4-8.5) 9.8 (8.7-11.1)
HR (95% ClI) 0.53 (0.37-0.78) 0.75 (0.62-0.91) on
All-cause death
Number of events 49/543 (9.0) 62/553 (11.2) 227/1830 (12.4) 267/1818 (14.7)
Rate (95% Cl) 6.8 (5.1-8.9) 8.4 (6.6-10.8) 8.2 (7.2-9.3) 9.8 (8.7-11.1)
HR (95% ClI) 0.80 (0.55-1.17) 0.83 (0.70-1.00) 0.85
First and recurrent heart failure
hospitalization and
cardiovascular death
Number of events 105 162 462 580
Rate (95% ClI) 15.6 (12.0-17.6) 22.4 (19.2-26.1) 16.8 (15.3-18.4) 21.4 (19.7-23.2)
Rate ratio (95% ClI) 0.65 (0.47-0.90) 0.78 (0.66-0.93) 0.32
KCCQ-TSS
Mean change in score at 8 mo 4.7 (3.1-6.4) 1.1 (-0.6-2.7) 6.5 (5.5-7.4) 4.0 (3.0-5.0) 0.36
(95% CI)
Patients with =5-point 59.7 (55.3-64.2) 50.4 (45.9-54.8) 57.8 (55.4-60.3) 51.1 (48.7-53.4)
improvement at 8 mo
OR (95% ClI) 1.20 (1.05-1.37) 1.14 (1.06-1.22) 0.47
Patients with =5-point 27.5 (23.4-31.6) 34.8 (30.5-39.1) 24.7 (22.6-26.7) 32.3(30.0-34.6)
deterioration at 8 mo
OR (95% ClI) 0.85 (0.74-0.98) 0.83 (0.77-0.90) 0.81
Values are n/N (%), unless otherwise indicated. Event rates presented per 100 patient-years. HRs and 95% Cls were estimated with the use of Cox regression models, stratified
according to diabetes status, with a history of hospitalization for heart failure and treatment group assignment as explanatory variables (for all-cause mortality history of
hospitalization for heart failure was not included in the model). *The primary outcome was a composite of worsening heart failure (hospitalization or an urgent visit resulting in
intravenous therapy for heart failure) or death from cardiovascular causes.
KCCQ-TSS = Kansas City Cardiomyopathy Questionnaire total symptom score

effect of treatment (P-interaction = 0.32) (Figure 2 and
Table 3). Both components of the primary composite
endpoint were reduced to the same extent in Asian
patients as among patients enrolled outside Asia: the
HR was 0.53 (95% CI: 0.37 to 0.78) for worsening HF
events in Asian patients and 0.75 (95% CI: 0.62 to
0.91) in those from outside Asia (P for
interaction = 0.11) and the HR for cardiovascular
death was 0.83 (95% CI: 0.56 to 1.23) in Asian patients
and 0.82 (95% CI: 0.67 to 1.00) elsewhere (P for
interaction = 0.97).

Secondary outcomes. HRs, rate ratios, and ORs
for the effect of dapagliflozin compared with
placebo on the secondary clinical endpoints are
displayed in Table 3 and Figure 2. The effect of
dapagliflozin in Asian patients was consistent
with that in patients enrolled elsewhere for each
secondary endpoint (Table 3). In particular, the rate
ratio for the composite outcome of total (first and
repeat) HF hospitalizations and cardiovascular
death was 0.65 (95% CI: 0.47 to 0.90) in Asian
patients compared with 0.78 (95% CI: 0.66 to

FIGURE 2 Continued

The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous
therapy for heart failure. The cumulative incidences of (A) the primary outcome, (B) hospitalization for heart failure, (C) death from cardiovascular causes,
and (D) death from any cause were estimated with the use of the Kaplan-Meier method.
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CENTRAL ILLUSTRATION DAPA-HF in Asia

- .

M South Asia (India)
M East Asia (China, Japan, Taiwan)
M South-East Asia (Vietnam)

Docherty KF, et al. JACC: Asia. 2022;2(2):139-153.

Kg/m?

Asia Outside Asia| P Value
Mean age, years 63.3+124 | 67.2+£10.2 | <0.001
Female, % 19.0 24.7 <0.001
2‘[:‘:; TIT;K/!-';:“ Association 24.6 34.8 <0.001
Mean LVEF, % 305+6.6 | 31.2+6.8 0.001
Ischemic etiology, % 48.3 58.8 <0.001
Atrial fibrillation, % 26.6 41.8 <0.001
Mean body massindex, | 545,42 | 204259 | <0.001

Primary Composite Outcome
All trial patients (n = 4,744) 16.3% 21.2% = 0.74 (0.65-0.85)
Patients enrolled in Asia (n = 1,096) 14.2% 20.6% _—— 0.65 (0.49-0.87)
East Asia (n = 721) 15.4% 23.5% _— 0.61(0.43-0.86)
South Asia (n = 237) 13.3% 15.4% —s—1—» 0.87(0.45-1.72)
South-East Asia (n = 138) 9.7% 13.6% = »  0.69 (0.26-1.85)
Patients not enrolled in Asia (n = 3,648) 16.9% 21.3% —_—— 0.77 (0.66-0.89)
0.2 Ol.4 OjG 0j8 1.0 1.l2 1.l4
Dapagliflozin Placebo
Better Better

- -

Dapagliflozin Placebo Effect Estimate (95% Cl) Interaction P Value

0.32

Effect estimates are displayed as HRs and 95% Cls were estimated with the use of Cox regression models, stratified according to diabetes status, with a history of
hospitalization for heart failure and treatment group assignment as explanatory variables. "All trial patients" refers to all 4,744 patients randomized in 20 countries
worldwide. The interaction P value is from a test for interaction between region (Asia/non-Asia) and treatment effect. BMI = body mass index; DAPA-HF = Dapa-
gliflozin and Prevention of Adverse-outcomes in Heart Failure; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association.

0.93) in patients enrolled outside Asia (P for
interaction = 0.32). For all-cause mortality, the HR
was 0.80 (95% CI: 0.55 to 1.17) in Asian patients and
0.83 (95% CI: 0.70 to 1.00) in other patients (P for
interaction = 0.85).

The proportion of patients with an improvement of
KCCQ-TSS of =5 points was greater with dapagli-
flozin, compared with placebo, with an effect in Asian
patients (OR: 1.20; 95% CI: 1.05 to 1.37) that was
consistent with that in patients enrolled outside Asia
(OR: 1.14; 95% CI: 1.06 to 1.22) (P-interaction = 0.47).
Conversely, the proportion of patients with a
decrease in KCCQ-TSS of =5 points was smaller in
those treated with dapagliflozin, compared with pla-
cebo, in Asian patients (OR: 0.85; 95% CI: 0.74 to
0.98), consistent with that in patients enrolled

outside Asia (OR: 0.83; 95% CI: 0.77 to 0.90) (P for
interaction = 0.81).

Effect of dapagliflozin in regions of Asia. The benefits of
dapagliflozin on all outcomes were consistent across
the regions of Asia: East Asia (China, Japan and
Taiwan), South-East Asia (Vietnam), and South Asia
(India) (Central Illustration).

Changes in weight, SBP, hematocrit, and eGFR. Changes
in weight, SBP, hematocrit, and eGFR, adjusting for
baseline value, are shown in Figure 3. There was an
initial decrease in eGFR at 14 days following random-
ization with dapagliflozin in Asian patients (placebo-
corrected change, -2.50 [95% CI: -3.67 to -1.33] mL/
min/1.73 m?) that was consistent with the decline in
other patients (-3.31 [95% CI: -3.95 to -2.67] mL/
min/1.73 m?) (P for interaction = 0.83) (Figure 3A). The
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TABLE 4 Occurrence of Prespecified Adverse Events in Patients Enrolled in Asia and Outside Asia

Patients Enrolled in Asia

Patients Not Enrolled in Asia

(n =1,092) (n = 3,644)
Dapagliflozin Placebo Dapagliflozin Placebo Interaction
(n = 540) (n =552) (n =1,828) (n =1,816) P Value

Discontinuation of trial treatment 52 (9.6) 61 (11.1) 197 (10.8) 197 (10.8) 0.52

for any reason
Discontinuation of trial treatment due 20 (3.7) 26 (4.7) 91 (5.0) 90 (5.0) 0.45

to adverse event
Volume depletion 37 (6.9) 30 (5.4) 141 (7.7) 132 (7.3) 0.52
Renal adverse event 24 (4.4) 40 (7.2) 129 (7.1) 130 (7.2) 0.09
Fracture 9 (1.7) 12 (2.2) 40 (2.2) 38 (2.1) 0.53
Amputation 0 (0.0) 1(0.2) 13 (0.7) 11 (0.6) -
Major hypoglycemia 0 (0.0) 1(0.2) 4(0.2) 3(0.2) -
Diabetic ketoacidosis 0 (0.0) 0 (0.0) 3(0.2) 0 (0.0) -

treatment groups).

Values are n (%). The safety population included all the patients who had undergone randomization and received at least 1 dose of dapagliflozin or placebo (n = 2,368 in both

difference in eGFR slope over time in patients enrolled
in Asia was 2.62 (95% CI: 1.63-3.61) mL/min/1.73 m?/y
(-1.46 [95% CI: -2.16 to -0.75] mL/min/1.73 m?/y with
dapagliflozin vs -4.08 [95% CI: -4.78 to -3.38] mL/
min/1.73 m?/y with placebo), compared with a differ-
ence of 1.51 (95% CI: 1.01 to 2.01) mL/min/1.73 m?
among patients from outside Asia (-1.00 [95% CI: -1.35
to -0.65]in the dapagliflozin group, -2.51 [95% CI: -2.87
to -2.16] in the placebo group).

SBP declined to a similar extent in Asian patients
(placebo-corrected change at 2 months, -1.25 [95% CI:
-2.88 to 0.37] mm Hg) and those enrolled elsewhere
(-2.29 [95% CI: -3.20 to -1.38] mm Hg), with no inter-
action between region and the effect of dapagliflozin
(P-interaction = 0.69) (Figure 3B). The decrease in
weight with dapagliflozin in Asian patients at
4 months (placebo-corrected change, -0.75 [95% CI:
-1.04 to -0.46] kg) was consistent with the decrease in
patients enrolled elsewhere (-0.72 [95% CI: -0.92 to
-0.52] kg), and the placebo-corrected difference in
weight with dapagliflozin was similar in Asians and
throughout the trial (P  for
interaction = 0.90) (Figure 3D).

Hematocrit increased with dapagliflozin in Asian

non-Asians

and non-Asian patients, with a plateau reached after
approximately 4 months (placebo-corrected increase,
2.96% [95% CI: 2.56%-3.36%] in Asian patients vs
2.38% [95% CI: 2.16%-2.61%] in others), with no
interaction between region and the effect of dapa-
gliflozin (P for interaction = 0.82).

In Asian patients, NT-proBNP decreased by 260
(95% CI: 89-433) pg/mL in the dapagliflozin group
and increased by 258 (95% CI: -20 to 535) pg/mL
in the placebo group (placebo-corrected difference
-535 [95% CI: -851 to -220] pg/mL). The correspond-
ing results in non-Asian patients were a decrease of
176 (95% CI: 55-298) pg/mL in the dapagliflozin group
and an increase of 52 (95% CI: -89 to 194) pg/mL
in the placebo group (placebo-corrected difference,
-233 [95% CI: -409 to -58] pg/mL) (P for interaction =
0.10).

New onset diabetes. In patients without diabetes at
baseline, the incidence of new onset diabetes was
lower in patients randomized to dapagliflozin as
compared with placebo in both Asian patients (OR:
0.47; 95% CI: 0.22 to 1.01) and non-Asian patients
(OR: 0.74; 95% CI: 0.51 to 1.06) (P for interaction =
0.29).

Safety analyses. In general, the proportions of Asian
patients who discontinued trial treatment or experi-
enced adverse events according to randomized
treatment assignment were similar to those among
patients enrolled elsewhere (Table 4).

DISCUSSION

With the globalization of clinical trials, the proportion
of patients enrolled in major HFTEF trials from Asian
countries has increased over the past 10 years from
essentially zero to a weighted average of 20%.°7274°

FIGURE 3 Continued

(A) Change in estimated glomerular filtration rate (eGFR) from baseline; (B) change in systolic blood pressure from baseline; (C) change in hematocrit from
baseline; (D) change in weight from baseline. Means and 95% Cls were derived from a mixed-effect model adjusted for baseline values, visit, randomized
treatment, and interaction of treatment and visit with a random intercept and slope per patient. Least-square mean changes along with 95% Cl are shown.
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Although 23.1% of patients in the DAPA-HF trial were
randomized in an Asian country, this proportion still
falls far short of the proportion of the world’s popu-
lation (approximately 60%) that lives in that region
and the burden of HF is anticipated to increase sub-
stantially there shortly, particularly in South Asia.*°
Despite the modest number of Asian patients in the
DAPA-HF trial, clear differences in baseline charac-
teristics and outcomes were demonstrable between
Asian patients and the overall trial population (and
among Asian countries/regions). However, the effi-
cacy and tolerability of dapagliflozin were the same in
Asian patients as in the trial overall as well as among
patients in different Asian countries/regions.

BASELINE CHARACTERISTICS AND OUTCOMES IN
ASIAN PATIENTS. We were able to confirm the dif-
ferences in the clinical profile between Asian and
other patients described in prior studies.”®"*” As ex-
pected, Asian patients were younger, had a lower BMI,
and were less likely to have an ischemic etiology and
atrial fibrillation. Asian patients had a lower NT-
proBNP despite a lower prevalence of atrial fibrilla-
tion and a lower mean LVEF than other patients.?°*’
Both physician-assessed functional limitation (ie,
assessed using NYHA functional class) and patient-
reported symptoms (ie, KCCQ-TSS) were better in
Asian patients than in the trial overall. This puzzling
finding is consistent with other recent data.?” There
were also notable differences in the treatment of pa-
tients enrolled in Asia, compared with the overall trial
population. The lower use of diuretics, in East Asia in
particular, may reflect the better symptom profile just
described or other issues such as climatic conditions
and resulting insensible fluid loss. Some, such as the
use of implantable cardioverter-defibrillators and
cardiac resynchronization therapy, probably reflect
economic circumstances, supported by the gradient
observed in the use of these devices across Asia.”°*”
Economic circumstances are probably also a consid-
eration concerning the use of sacubitril/valsartan,
although slow approval in countries such as Japan is
also relevant. Greater use of ARBs in East Asia is
believed to reflect a higher incidence of cough with
ACE inhibitors among patients in that region. Consis-
tent with previous reports, the proportions of patients
taking =50% of guideline-directed doses of ACE in-
hibitors or ARBs, beta-blockers, and mineralocorticoid
receptor antagonists were lower in Asia compared
with the overall trial population.*® The low use of
anticoagulants in Asia is also well recognized, possibly
reflecting concern about greater bleeding risk in Asian
patients, although there is no convincing evidence
that this is true for direct oral anticoagulants.”® 37
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Despite the numerous differences in demographics,
medical history, HF characteristics, and background
therapy described, the rates of each of the prespecified
cardiovascular outcomes were similar in patients in
Asia compared with those from the rest of the world,
even after adjustment for differences in key predictors
of these outcomes.

EFFICACY AND SAFETY OF DAPAGLIFLOZIN IN
ASIAN PATIENTS. The magnitude of the effect of
dapagliflozin on the primary composite outcome of a
worsening HF event or cardiovascular death was
similar in Asian patients to that observed in the trial
overall and among the different Asian countries and
regions participating in the DAPA-HF trial. The effect
of dapagliflozin on the prespecified secondary out-
comes, including mortality, was also similar in Asian
patients.

Improvement in patient health status by reducing
the symptom burden and improving physical func-
tion and quality of life is a key aim of HF treatment.?®
Dapagliflozin increased the proportion of patients
with a clinically significant improvement in symp-
toms at 8 months and reduced the proportion with a
clinically meaningful deterioration, to the same
extent in Asian patients as in the trial overall, even
though patients in Asia had a better health-related
quality of life to begin with.3®

The effects of dapagliflozin on weight, SBP, he-
matocrit, and eGFR in Asian patients were direction-
ally similar to those observed in the trial overall.
These observations are relevant to the tolerability of
dapagliflozin, which was similar in Asian patients to
that in the trial overall. Indeed, the attenuation in the
rate of decline in eGFR over time (“eGFR slope”) by
dapagliflozin was numerically greater in patients
from Asia than from elsewhere. These data are reas-
suring given concerns that have been raised about
weight loss in patients with a low BMI, and diuresis
and SBP reduction in patients with a relatively low
starting SBP.'318:28:29.34 We did not collect all adverse
events in the DAPA-HF trial (only serious adverse
events were collected). In other trials that did collect
all adverse events, the rate of genital skin fungal
infection has been reported at a lower rate in patients
in Asia than in studies conducted in other geographic

regions.'318:28:29,34

STUDY LIMITATIONS. While Geographic region and
race were predefined subgroup analyses, the analyses
reported here were done post hoc for the reasons
outlined previously. Although, the proportion of pa-
tients enrolled from Asian countries in the DAPA-HF
trial was larger than in most prior trials, the number
was relatively modest, and Asian patients continue
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to be underrepresented in clinical trials, relative to
the proportion of the global population.”#-3>4"4* Ini-
tiatives are underway to increase representativeness
in trials, and increasing data sharing should also
allow for meta-analyses of individual patient data
giving more robust estimates of the benefits and
harms of new therapies in subgroups of patients. A
useful discussion of approaches to enhancing
recruitment in trials from Asian countries is pub-
lished elsewhere.?®*3

The heterogeneity in patient characteristics across
Asia seen in the DAPA-HF trial means that these re-
sults may not be generalizable to populations or re-
gions not included (eg, Middle Eastern countries).
The inclusion and exclusion criteria precluded the
enrollment of hospitalized and other very high-risk
patients. These limitations might affect the general-
izability of our results. We were unable to fully
examine the geographic, climatic, and other envi-
ronmental factors; diet and lifestyle; cultural in-
fluences; type of health care system; economic
considerations; race or ethnicity; and genetic vari-
ability that might underlie the differences between
patients in Asia and elsewhere and among Asian
countries and regions.

CONCLUSIONS

In the DAPA-HF trial, dapagliflozin, compared with
placebo, reduced the risk of worsening HF events,
cardiovascular death, and all-cause death, and
improved symptoms, to the same extent in Asian
patients as patients from other geographic regions.
These findings provide further support for the use of
dapagliflozin as a new treatment option for Asian
patients with HFrEF.
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PERSPECTIVES

world in patients with HFrEF.

COMPETENCY IN MEDICAL KNOWLEDGE: There are
significant inter- and intraregional differences across the

COMPETENCY IN PATIENT CARE: Evidence of a
consistent benefit and safety of the SGLT2 inhibitor
dapagliflozin in Asian patients, as compared with patients
from outside Asia, means that dapagliflozin should be

patients.

JACC: ASIA, VOL. 2, NO. 2, 2022
APRIL 2022:139-153

considered as a foundational treatment for HFrEF in Asian

TRANSLATIONAL OUTLOOK: In the DAPA-HF trial, as

reported previously, a smaller proportion of Asian pa-
tients, as compared with the overall trial population, were
taking guideline-recommended target doses of disease-
modifying treatments. Further research is required to

understand the reasons underlying this difference.
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