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Non-Vitamin K Antagonist Oral Anticoagulants
for Stroke Prevention in Asian Patients
With Nonvalvular Atrial Fibrillation

Meta-Analysis

Kang-Ling Wang, MD; Gregory Y.H. Lip, MD; Shing-Jong Lin, MD, PhD; Chern-En Chiang, MD, PhD

Background and Purpose—The use of vitamin K antagonists (VKAS), the cornerstone treatment for stroke prevention in
patients with atrial fibrillation, is limited by the perceived risk of serious bleeding in Asia. Non-VKA oral anticoagulants
(NOAC:S) are safer alternatives. Here, we evaluate performance differences of NOACs between Asians and non-Asians.

Methods—We compared efficacy and safety of NOACs between patients enrolled in Asian and non-Asian countries using
aggregative data from phase III clinical trials. The odds ratios (ORs [95% confidence interval]) were calculated by a

random effects model.

Results—Comparing with VKAs, standard-dose NOACs reduced stroke or systemic embolism (OR=0.65 [0.52-0.83]
versus 0.85 [0.77-0.93], P interaction= 0.045) more in Asians than in non-Asians and were safer in Asians than in non-
Asians about major bleeding (OR=0.57 [0.44-0.74] versus 0.89 [0.76—1.04], P interaction=0.004), hemorrhagic stroke
(OR=0.32 [0.19-0.52] versus 0.56 [0.44-0.70], P interaction=0.046) in particular, whereas gastrointestinal bleeding was
significantly increased in non-Asians (OR=0.79 [0.48-1.32] versus 1.44 [1.12—1.85], P interaction=0.041). Generally,
low-dose NOACs were safer than VKAs without heterogeneity in efficacy and safety between Asians and non-Asians,
except for ischemic stroke, major, and gastrointestinal bleeding.

Conclusions—Our findings suggest that standard-dose NOACs were more effective and safer in Asians than in
non-Asians, whereas low-dose NOACs performed similarly in both populations. (Streke. 2015;46:00-00.

DOI: 10.1161/STROKEAHA.115.009947.)
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Stroke prevention with vitamin K antagonists (VKAS) is
essential in the management of atrial fibrillation (AF).!
However, it has been generally perceived that Asian patients
are naturally more sensitive to VKAs and have unacceptably
higher rates of intracranial hemorrhage (ICH) even when inter-
national normalized ratio is ideally maintained.> Consequently,
VKAs have been largely underused or underdosed in Asian
patients.® Despite the average time in therapeutic range with
VKAs was lower in Asian patients than that in non-Asian
patients in clinical trials,*’ the rates of major bleeding (ICH in
particular) were significantly higher in Asian patients.*

The development of non-VKA oral anticoagulants
(NOAC:s) has changed the landscape of stroke prevention in
patients with AF, with 4 agents available namely dabigatran,
rivaroxaban, apixaban, and edoxaban being tested in large

phase III clinical trials.”'® The availability of NOACs is of
paramount importance to Asian patients who are prone to
bleeding, including devastating ICH with or without VKAs.>"!
The observations from the Japanese Rivaroxaban Once Daily
Oral Direct Factor Xa Inhibition Compared With Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in
Atrial Fibrillation (J-ROCKET AF) might even imply that dif-
ferent dosing strategies should be applied according to ethnic-
ities, weight, and renal function.'> Several prior observations
suggest that NOACs were more preferentially indicated for
stroke prevention in Asian patients with AF than VKAs.*613
Although each trial was powered to address primary effi-
cacy and safety outcomes of the overall patients who have
been enrolled, the benefit and risk profiles of NOACs in
Asian patients need proper description given the fact that the
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burden of AF and its associated complications is substantially
higher in Asia than in the rest of the world because Asia is
the most populated region and has fast-growing aging societ-
ies.'"*!% Since nonwhite ethnicities, particularly Asians, are a
major factor attributable to ICH in anticoagulated patients,'*'®
more Asian patients would have been deemed ineligible for
treatment because of higher risk of bleeding.'” However, prior
analyses of the individual approved NOACs were underpow-
ered to show quantitative differences in various outcomes
between Asian and non-Asian patients.?*?

In this meta-analysis, we aimed to assess the differences in
efficacy and safety outcomes of NOACs in Asian patients com-
pared with non-Asian patients that have not been addressed in
previously published meta-analyses.?*?” Thus, these data are
new and important for patients, physicians, and other health-
care professionals in this region.

Methods

Data Sources and Searches

We searched PubMed database (from January 2009 to July 2014),
clinical trial registries, and relevant conference proceedings using
the terms AF, warfarin, apixaban, dabigatran, edoxaban, rivaroxaban,
and stroke. Ximelagatran was excluded from the search because it
has been withdrawn from the market. No language restriction was
imposed. The reference lists of published meta-analyses were also
reviewed.

We consider randomized controlled trials comparing NOACs
with VKASs in patients with nonvalvular AF. Trials were eligible for
inclusion if they (1) involved >500 patients with nonvalvular AF; (2)
reported both long-term efficacy and safety outcomes in Asian pa-
tients; and (3) had follow-up >1 year.

Data Extraction

All efficacy and safety outcomes were extracted. The efficacy out-
comes include the composite of stroke or/systemic embolism, isch-
emic stroke, myocardial infarction, and death from any cause; the
safety outcomes were major bleeding, ICH, hemorrhagic stroke, and
gastrointestinal bleeding. Definitions of those outcomes were the
same across all trials, with the exception for major bleeding where
the trial-specific definitions were adopted. In addition, gastrointesti-
nal bleeding has not been universally reported in Asian patients. Data
were used from the intention-to-treat populations for evaluating the
efficacy outcomes except for J-ROCKET AF, which was primarily
designed for evaluating safety outcomes. The differences in efficacy
and safety outcomes of NOACs compared with VKAs among Asian
and non-Asian patients were the interest of this meta-analysis.

Definition of Asian Patients

Because the individual patient-level data were not available, we could
not ascertain the ethnicity of each patient enrolled in the trials. We
therefore assumed that residence reported in the trials is a surrogate
for ethnicity.

Data Synthesis and Analysis

Primary Analysis

Two doses of dabigatran and edoxaban were tested in the Randomized
Evaluation of Long-Term Anticoagulation Therapy (RE-LY) and the
Effective Anticoagulation With Factor Xa Next Generation in Atrial
Fibrillation—-Thrombolysis in Myocardial Infarction 48 (ENGAGE
AF-TIMI 48), respectively, and the low dose of rivaroxaban was com-
pared with VKAs in J-ROCKET AF. Instead of combining data from
different doses into one meta-analysis, which merges the therapeutic
implications of different doses that might have diverse risk-benefit

profiles, we conducted 2 separate meta-analyses. The meta-analy-
sis for standard-dose NOACS included data of dabigatran 150 mg,
edoxaban 60 mg, rivaroxaban 20 mg, and apixaban 5 mg. The meta-
analysis for low-dose NOACS included data of dabigatran 110 mg,
edoxaban 30 mg, and rivaroxaban 15 mg.

Sensitivity Analysis
Data of Asian patients have not been homogenously published in de-
tail. In the prior subanalyses reporting efficacy/safety among Asian
and non-Asian patients, there were 5, 1, and 3 Asian countries in-
cluded as non-Asian countries in the Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compared with Vitamin K Antagonism
for Prevention of Stroke and Embolism Trial in Atrial Fibrillation
(ROCKET AF),* the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE),? and
ENGAGE AF-TIMI 48,% respectively. In addition, patients enrolled
in Asian countries might not necessarily be ethnically Asian, vice
versa. To mitigate the confounding of such heterogeneous data, we
performed 3 sensitivity analyses by (1) examining data of 3 factor Xa
inhibitors, and using (2) ethnicity-level, and (3) region-level informa-
tion available from regulatory agencies. The outcome data used for
sensitivity analyses were limited. Therefore, we could only investi-
gate the composite of stroke or systemic embolism and major bleed-
ing with respect to standard-dose NOACs compared with VKAs.
The odds ratio (OR) and associated 95% confidence interval (CI)
were calculated for each outcome and trial separately and for the pooled
results that were compared with DerSimonian and Laird random effects
model. Heterogeneity between trials was assessed using the Cochran
Q statistic and P test. Interaction between Asian and non-Asian pa-
tients about therapeutic outcomes of NOACs compared with VKAs
was systematically tested. Statistical analysis was performed using
Comprehensive Meta-Analysis software, version 2 (Biostat Inc, NJ).

Results

Of the 78 studies identified from the literature search, 73
were excluded because of reports of the trial design, subgroup
analyses without data of Asian patients, short follow-up, and
limited patient numbers (Figure I in the online-only Data
Supplement). The characteristics of the trials and treatment
included in this meta-analysis are shown in Table I in the
online-only Data Supplement. The 5 included studies namely
RE-LY, ROCKET AF, J-ROCKET AF, ARISTOTLE, and
ENGAGE AF-TIMI 48 comprised 8928 Asian patients (5250
with NOACs and 3678 with VKAs) and 64033 non-Asian
patients (37 800 with NOACs and 26233 with VKAS).

Standard-Dose NOACs Versus VKAs
The comparative efficacy of standard-dose NOACs and VKAs is
presented in Figure 1. Standard-dose NOAC:s significantly reduced
the composite of stroke or systemic embolism both in Asian and
non-Asian patients (OR, 0.65; 95% CI, 0.52-0.83; P<0.001 for
Asian patients; OR, 0.85; 95% CI, 0.77-0.93; P<0.001 for non-
Asian patients). The reduction was more prominent in Asian
patients than in non-Asian patients (P interaction=0.045). The
effect of standard-dose NOACs on ischemic stroke and myo-
cardial infarction was comparable with VKAs in both Asian and
non-Asian patients (P interaction=0.673 and 0.977, respectively).
All-cause mortality was significantly lower in both with standard-
dose NOACs than with VKAs (OR, 0.80; 95% CI, 0.65-0.98;
P=0.030 for Asian patients; OR, 0.91; 95% CI, 0.86-0.97;
P=0.003 for non-Asian patients; P interaction=0.219).

Figure 2 shows the preferential benefit of standard-dose
NOAGC:S in safety outcomes in Asian patients. Standard-dose
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A\ Stroke or systemic embolism

NOAC VKA
Event/Total Event'Total OR (85% CI)
Asian
RE-LY, 150mg 25/933 531926 —— 0.45 (0.28-0.74)
ROCKET AF 21/468 271464 —— 0.76(0.42-1.37)
ARISTOTLE 44/988 60/1005 0.73(0.49-1.09)
ENGAGE AF, 80mg 34/846 47/644 0.71(0.45-1.11)
Overall Effect - 0.65 (0.52-0.83)
Q=289 (P=0411)
F=0.0%
Non-Asian
RE-LY, 150mg 109/5143  148/5096 —— 0.72(0.56-0.92)
ROCKET AF 2486613  279/6626 - 0.89(0.74-1.08)
ARISTOTLE 168/8132 205/8076 0.81(0.66-1.00)
ENGAGE AF, B0mg 262/8389 200/6392 0.90(0.76-1.07)
Overall Effect < 0.85 (0.77-0.93)
Q= 2.6 (P= 0.462)
F=0.0%
Interaction P= 0.045
0.0 0.5 1.0 15 20
Favors NOAC Favors VKA
c Myocardial infarction
NOAC VKA
Event/Total Event/Total OR (95% CI)
Asian ‘
RE-LY, 150mg 91933 101926 | 1 0.89 (0.36-2.21)
ROCKET AF 8/468 8/aBa . 0.99(0.37-2.68)
ARISTOTLE 81988 711005 i 1.16(0.42-3.22)
ENGAGE AF, 60mg Ti646 BiB44 0.87 (0.31-2.42)
Overall Effect — 0.97 (0.59-1.58)
Q=02 (P=0.978)
F=0.0%
Non-Asian
RE-LY, 150mg 88/5143  65/5096 —— 1.35(0.98-1.86)
ROCKET AF 1226613 134/6626 4.* 0.81(0.71-1.17)
ARISTOTLE 82/8132 95/8076 0.86(0.64-1.15)
ENGAGE AF, 60mg 126/6389 133/6382 0.85(0.74-1.21)
Overall Effect < 0.98 (0.82-1.12)
Q=49 (P=0.176)
F= 38.3%
Interaction P= 0.977
0.0 0.5 1.0 1.5 20
Favors NOAC Favors VKA

Wang et al NOAC:Ss in Asians 3

B Ischemic stroke

NOAC VKA
Event/Total Event/Total OR (85% CI)
Asian
RE-LY, 150mg 201933 35/926 —— 0.56 (0.32-0.97)
ROCKET AF 171468 18/464 0.93 (0.48-1.84)
ARISTOTLE 39/988 34/1005 1.17(0.73-1.88)
ENGAGE AF, 80mg 24/648 26/844 0.92(0.52-1.82)
Overall Effect —< 089 (0.67-1.17)
Q=41 (P=0.254)
F=268.4%
Non-Asian
RE-LY, 150mg 835143 99/5086 —— 0.83(0.62-1.11)
ROCKET AF 189/6613 190/6626 4’* 1.00 (0.81-1.22)
ARISTOTLE 123/8132 141/8078 | 0.86 (0.68-1.10)
ENGAGE AF, 80mg 212/6389 209/6392 1.02(0.84-1.23)
Overall Effect < 0.95 (0.84-1.08)
Q=21 (P=0.557)
F=0.0%
Interaction P= 0.673
0.0 0.5 1.0 15 2.0
‘morl NOAC Favors VE.
D All-cause morality
NOAC VKA
Evant/Total Event/Total OR (95% CI)
Asian
RE-LY, 150mg 721933 68/926 —— 0.80 (0.57-1.10)
ROCKET AF 21/488 29/464 —_— 0.70 (0.40-1.25)
ARISTOTLE 52/988  52/1005 1.02 (0.68-151)
ENGAGE AF, 60mg 32/646 50/644 062 (0.39-0.98)
Overall Effect —— 0,80 (0.65-0.98)
Q=28 (P= 0.420)
F=0.0%
Non-Asian
RE-LY, 150mg 366/5143  309/5006 - 0.90 (0.78-1.05)
ROCKET AF 561/6613 603/6626 E N 0.93(0.82-1.04)
ARISTOTLE 551/8132 817/8078 0.88 (0.78-0.99)
ENGAGE AF, 60mg T41/6389 789/6392 0.93 (0.84-1.04)
Overall Effect < 0.91(0.86-0.97)
Q=06 (P=0.894)
F=0.0%
Interaction P= 0.219
0.0 0.5 1.0 15 2.0

Favors NOAC Favors VKA

Figure 1. Efficacy outcomes of stroke or systemic embolism (A), ischemic stroke (B), myocardial infarction (C), and all-cause mortality (D) for the
standard-dose non-vitamin K antagonist (VKA) oral anticoagulants (NOACs) vs VKAs. Cl indicates confidence interval; and OR, odds ratio.

NOAC:S reduced major bleeding more in Asian than in non-
Asian patients (OR, 0.57; 95% CI, 0.44-0.74; P<0.001 for
Asian patients; OR, 0.89; 95% CI, 0.76-1.04; P=0.143 for
non-Asian patients; P interaction=0.004). ICH was signifi-
cantly reduced in both with standard-dose NOACs (OR, 0.33;
95% CI, 0.22-0.50; P<0.001 for Asian patients; OR, 0.52;
95% CI, 0.42-0.64; P<0.001 for non-Asian patients; P inter-
action=0.059). Standard-dose NOACs had a substantial reduc-
tion in hemorrhagic stroke, which was more notable in Asian
than in non-Asian patients (OR, 0.32; 95% CI, 0.19-0.52;
P<0.001 for Asian patients; OR, 0.56; 95% CI, 0.44-0.70;
P<0.001 for non-Asian patients; P interaction=0.046) com-
pared with VKAs. Moreover, standard-dose NOACS increased
the risk of gastrointestinal bleeding in non-Asian patients but
not in Asian patients (OR, 1.44; 95% CI, 1.12-1.85; P=0.005
for non-Asian patients; OR, 0.79; 95% CI, 0.48-1.32; P=0.378
for Asian patients; P interaction=0.041).

Low-Dose NOACs Versus VKAs

The comparative efficacy of low-dose NOACs and VKAs
with regard to the various efficacy outcomes is presented in
Figure 3. Low-dose NOACs had similar efficacy to VKAs

on stroke or systemic embolism and ischemic stroke both in
Asian and non-Asian patients (P interaction=0.353 and 0.504,
respectively). With regard to myocardial infarction, non-
Asian patients had more events with low-dose NOACs than
with VKAs (OR, 1.28; 95% CI, 1.06-1.55; P=0.010), whereas
the effect of low-dose NOACs seemed to be similar to VKAs
in Asian patients (OR, 0.92; 95% CI, 0.48-1.79; P=0.816);
however, there was no statistic heterogeneity (P interac-
tion=0.352). Low-dose NOACs were associated with a signifi-
cant reduction in all-cause mortality in non-Asian patients and
a trend for a reduction in Asian patients (P interaction=0.934).

The safety outcomes of low-dose NOACs are presented
in Figure 4. Low-dose NOACs reduced major bleeding, ICH,
and hemorrhagic stroke in both Asian and non-Asian patients
(P interaction=0.579, 0.661, and 0.944, respectively). There
was no difference in gastrointestinal bleeding in Asians and
non-Asians (P interaction=0.460).

Sensitivity Analysis

The sensitivity analysis undertaken using factor Xa inhibitor
trials showed parallel results to the primary analyses except for
stroke or systemic embolism (Table II in the online-only Data
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A Major bleeding
NOAC VKA
Event/Total Event/Total OR (95% CI|
Asian
RE-LY, 150mg 39/933 661926 B 0.57 (0.38-0.85)
ROCKET AF 23/468 35/462 —a— 0.63(0.37-1.09)
ARISTOTLE 33881 63/1002 0.52 (0.34-0.80)
ENGAGE AF, 80mg 42/842 88/841 0.59 (0.39-0.88)
Overall Effect e 0.57 (0.44-0.74)
Q= 0.4 (P= 0.949)
F=0.0%
Non-Asian
RE-LY, 150mg 360/5143  355/5098 = 1.01(0.86-1.17)
ROCKET AF 372/6645 351/6663 + 1.07 (0.92-1.24)
ARISTOTLE 294/8107 399/8050 0.72(0.82-0.84)
ENGAGE AF, 60mg 376/6370 456/6371 0.81(0.71-0.94)
Overall Effect < 0.89(0.76-1.04)
Q= 16.7 (P= 0.001)
F=821%
Interaction P= 0.004
0.0 05 1.0 1.5 20
“Favors NOAC Favors VKA
c Hemorrhagic stroke
NOAC VKA
Event/Total Event/Total OR (95% CI|
Asian
RE-LY, 150mg 3933 131926 - 0.23 (0.06-0.80)
ROCKET AF 4/468 10/484 . 0.39(0.12-1.26)
ARISTOTLE 6/988 24/1005 0.25(0.10-0.61)
ENGAGE AF, 60mg aede 10844 0.41(0.18-0.95)
Overall Effect —— 0.32(0.19-0.52)
Q= 1.1 (P= 0.789)
F=0.0%
Non-Asian
RE-LY, 150mg /5143 32/5096 —— 0.28 (0.13-0.58)
ROCKET AF 29/6613 47/6626 4.7 0.62 (0.39-0.98)
ARISTOTLE 34/8132 54/8076 0.62(0.41-0.96)
ENGAGE AF, 60mg 41/6389 7116392 0.58 (0.39-0.85)
Overall Effect - 0.56(0.44-0.70)
Q= 3.9 (P= 0.275)
R=227%
Interaction P= 0.046
0.0 05 1.0 1.5 20
“Favors NOAC Favors VKA

B Intracranial hemorrhage
NOAC VKA
EventTotal EventTotal OR (95% CI)
Asian
RE-LY, 150mg 8/933 19/926 —a— 0.41 (0.18-0.95)
ROCKET AF 41486 171462 - 0.23 (0.08-0.68)
ARISTOTLE 11981 3171002 0.36 (0.18-0.71)
ENGAGE AF, 80mg o842 28/841 0.31 (0.15-0.67)
Overall Effect ~— 0.33 (0.22-0.50)
Q= 0.8 (P= 0.851)
£=0.0%
Non-Asian
RE-LY, 150mg 30/5143  T1/5096 - 0.42 (0.27-0.64)
ROCKET AF 51/6645 67/6663 —— 0.76 (0.53-1.10)
ARISTOTLE 4158107 91/8050 0.44 (0.31-0.64)
ENGAGE AF, 60mg 52/6370 10416371 0.50 (0.35-0.69)
Overall Effect <> 0.52 (0.42-0.64)
Q= 6.0 (P= 0.112)
= 50.0%
Interaction P= 0.059
0.0 05 1.0 15 2.0
Favors NOAC Favors VKA
D Gastrointestinal bleeding
NOAC VKA
Event/Total Event/Total OR (95% CI)
Asian
RE-LY, 150mg 17/933 24/926 — R 0.70 (0.37-1.31)
ENGAGE AF, 60mg 151642 16641 0.93 (0.46-1.91)
Overall Effect R — 0.79 (0.48-1.32)
Q= 0.4 (P= 0.548)
£=0.0%
Non-Asian
RE-LY. 150mg 170/5143  101/5006 ——  1.69(1.32:217)
ENGAGE AF,60mg  217/6370 17416371 1.26(1.03-1.54)
Overall Effect —_— 1.4 (1.12-1.85)
Q= 3.3 (P= 0.070)
= 89.6%
Interaction P= 0,041
0.0 05 1.0 15 2.0
Favors NOAC Favors VKA

Figure 2. Safety outcomes of major bleeding-(A); intracranial hemorrhage (B), hemorrhagic stroke (C), and gastrointestinal bleeding (D) for the
standard-dose non-vitamin K antagonist (VKA) oral anticoagulants (NOACs) vs VKAs. Cl indicates confidence interval; and OR, odds ratio.

Supplement). Additional analyses using data available from the
regulatory agency indicated the qualitatively similar results to
our primary analyses that standard-dose NOACs significantly
reduced stroke or systemic embolism and major bleeding to a
greater degree in Asian than in non-Asian patients (Figures II
and III in the online-only Data Supplement).

Discussion

Our study is the first meta-analysis of large phase III clini-
cal trials that compared NOACs with VKAs in Asian and
non-Asian patients with regard to both efficacy and safety
outcomes. This analysis included >8000 Asian patients; the
responses to NOACs were qualitatively similar between Asian
and non-Asian patients with quantitatively greater benefits in
Asian patients. Our data suggest that both standard-dose and
low-dose NOAC: are preferentially indicated in Asian patients
for the prevention of AF-associated stroke rather than VKAs.

Previous meta-analyses consistently showed that standard-
dose NOACs were more effective than VKAs on the reduction
of stroke or systemic embolism.***" In our analysis, standard-
dose NOACs were more effective than VKAs in both Asian
and non-Asian patients, but NOACs fared even better in Asian

patients. In addition, standard-dose NOACs were more effec-
tive on the reduction of hemorrhagic stroke in Asian than in
non-Asian patients, which is most likely attributed to a higher
bleeding risk with VKAs in Asian patients.

The major criticism of standard-dose NOACs, which has
been consistently shown in previous meta-analyses, was that
they were less effective on the reduction of major bleeding.”?’
In our analysis, however, standard-dose NOACs were still effec-
tive in Asian patients, compared with VKAs. In non-Asian
patients, the beneficial effect on major bleeding was marginal.
It is possible that NOACs are more effective in Asian patients
than in non-Asian patients because the risk of major bleeding in
Asian with VK As is generally higher than in non-Asian patients
even though more Asian patients had international normalized
ratio <2.0 and less Asian patients had international normalized
ratio >3.0.* The absolute risk of major bleeding with NOACs
was numerically lower in Asian than in non-Asian patients (the
annual risk was 2.17% versus 3.52%, 3.44% versus 3.60%, and
2.02% versus 2.15%, with dabigatran 150 mg, rivaroxaban 20
mg, and apixaban 5 mg, respectively). Therefore, the absolute
risk reduction in major bleeding by standard-dose NOACs was
generally greater in Asian than in non-Asian patients.”*
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A Stroke or systemic embolism

NOAC VKA
Event/Total Event/Total OR (95% C)
Asian
RE-LY, 110mg 441923 53/926 ——— 0.82(0.55-1.24)
J-ROCKET AF 22/840 26/840 —a— 0.84 (0.47-1.50)
ENGAGE AF, 30mg 52/653 47/644 1.10(0.73-1.66)
Overall Effect —=— 0.93(0.71-1.21)
Q= 1.1(P=0.582)
P=0.0%
Non-Asian
RE-LY, 110mg 130/5002  149/5096 —— 0.93 (0.74-1.18)
ENGAGE AF, 30mg  331/6381  200/6392 1.15 (0.98-1.35)
Overall Effect —=— 1.07(0.93,1.24)
Q=2.1(P= 0.146)
F=528%
Interaction P= 0.353
0.0 05 1.0 15 20
Favors NOAC Favors VKA
c Myocardial infarction
NOAC VKA
Event/Total Event/Total OR (95% C)
Asian
RE-LY. 110mg 9/923 10/926 | 0.90 (0.36-2.23)
J-ROCKET AF 3837 11837 3.01(0.31-20.01)
ENGAGE AF, 30mg 8853 81844 0.74 (0.25-2.14)
Overall Effect — 0.92 (0.48-1.79)
Q= 1.2 (P= 0.544)
£=0.0%
Non-Asian
RE-LY, 110mg 80/5002  65/5096 —.— 1.38 (1.00-1.90)
ENGAGE AF, 30mg  163/6381  133/6392 1.23 (0.98-1.56)
Overall Effect — 1.28 (1.06-1.55)
Q= 0.3 (P= 0.587)
£=0.0%
Interaction P= 0.352
0.0 0.5 1.0 15 20
Favors NOAC Favors VKA
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B Ischemic stroke

NOAC VKA
Event/Total Event/Total OR (85% CI)
Asian
RE-LY, 110mg 36/923 35/926 —L— 1.03 (0.64-1.66)
J-ROCKET AF 7/837 17/637 — 0.41(0.17-0.98)
ENGAGE AF, 20mg 44/853 26/644 1.72(1.04-282)
Overall Effect —_— 1,06 {0.68-1.65)
Q=80 (P=0.018)
P=T75.0%
Non-Asian
RE-LY, 110mg 116/5002 90/5006 — 1.18 (0.80-1.54)
ENGAGE AF, 30mg 289/6381 209/6392 1.40 (1.17-1.68)
QOverall Effect - 1.29 (0.88-1.90)
Q= 1.1 (P=0.280)
F=10.8%
Interaction P= 0.504
0.0 0.5 1.0 15 2.0
Favors NOAC Favors VKA
D All-cause mortality
NOAC VKA
Event/Total Event/Total OR (85% CI)
Asian
RE-LY. 110mg 88/923 88/926 4— 1.00 (0.74-1.37)
J-ROCKET AF 7837 51637 1.40 (0.44-4.45)
ENGAGE AF, 30mg 34/853 50/844 0.65(0.42-1.02)
Overall Effect —— 089 (0.70-1.15)
Q= 3.0 (P= 0.223)
F=33.4%
Non-Asian
RE-LY, 110mg 358/5002 309/5006 — 0.89(0.77-1.03)
ENGAGE AF, 30mg 703/6381 780/8392 0.88 (0.79-0.98)
Overall Effect = 0.88 (0.81-0.96)
Q= 0.0 (P= 0.894)
P=0.0%
Interaction P= 0.934
0.0 0.5 1.0 15 2.0
Favors NOAC Favors VKA

Figure 3. Efficacy outcomes of stroke or systemic embolism (A), ischemic stroke (B), myocardialinfarction (C), and all-cause mortality (D) for
the low-dose non-vitamin K antagonist (VKA) oral anticoagulants (NOACs) vs VKAs. Cl indicates confidence interval; and OR, odds ratio.

Another important criticism of standard-dose NOACs is an
increase in risk of gastrointestinal bleeding.>2* We found that
the increased risk of gastrointestinal bleeding was only signifi-
cant in non-Asian patients. Indeed, the numbers for gastroin-
testinal bleeding in Asian patients were not reported either in
ROCKET AF or in ARISTOTLE, but the risk of gastrointestinal
bleeding was numerically higher in overall patients with riva-
roxaban than with VKAs (3.15% versus 2.16%) in ROCKET
AF?® The risk of digestive tract bleeding was numerically similar
in overall patients with apixaban versus VKAs (0.78% versus
0.88%).” Unlike other bleeding events, gastrointestinal bleed-
ing with VKAs was similar in Asian and in non-Asian patients
(1.41% versus 1.01% and 1.11% versus 1.24% for Asian patients
versus non-Asian patients in RE-LY and ENGAGE AF-TIMI
438, respectively). Concomitant antiplatelet therapy is an inde-
pendent predictor for gastrointestinal bleeding.’**%3! In RE-LY,
the concomitant use of aspirin was more common and the use of
proton pump inhibitors was less common in Asian than in non-
Asian patients, but gastrointestinal bleeding was not increased
by dabigatran 150 mg.”® Our findings may suggest that standard-
dose NOACs should not be avoided in Asian patients simply on
the basis of the risk of gastrointestinal bleeding.

Low-dose NOACS are similarly effective as VKAs in pre-
vention against stroke or systemic embolism for both Asian
and non-Asian patients but might not be as effective for pro-
tection against ischemic stroke. They are safer than VKAs
with respect to hemorrhagic stroke, and no difference could
be found between Asian and non-Asian patients. Our analysis
suggests that low-dose NOACs were effective on the reduc-
tion of major bleeding and ICH in both Asian and non-Asian
patients, compared with VKAs. Again, no signal of increased
gastrointestinal bleeding was observed. Based on our analy-
sis, low-dose NOACS can be effective and safe alternatives to
VKAs in Asian patients and should be considered in patients
with higher bleeding risk.

Finally, the general mechanisms involved with the differen-
tial effects of NOACs compared with VKAs between Asian and
non-Asian patients are yet to be determined. Genetically, Asian
patients are more likely to be VKA sensitive or highly sensi-
tive responders, who seem prone to excessive bleeding.*”> Except
for the variations in distributions of genetic polymorphisms for
VKA metabolism,*** Asian patients tended to have lower body
weight, smaller proportions of prior myocardial infarction, VKA
experiences, and the concomitant use of gastric antacid drugs,
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A Meior bleeding

NOAC VKA
Event/Total Event/Total

OR (95% CI)
Asian
RE-LY, 110mg 391923 86/926 —— 0.57 (0.38-0.86)
J-ROCKET AF 26/639 33/639 —m—— 0.78 (0.46-1.32)
ENGAGE AF, 30mg 241852 68/641 0.32(0.20-0.52)
Overall Effect <> 0.52 (0.32-0.86)
Q=63 (P= 0.042)
P= 68.5%
Non-Asian
RE-LY, 110mg 303/5092  355/5096 - 0,84 (0.72-0.99)
ENGAGE AF, 30mg  230/6350  456/6371 0.49 (0.41-0.57)
Overall Effect — 0.64 (0.38-1.09)
Q= 226 (P<0.001)
P=856%
Interaction P= 0.579
0.0 0.5 1.0 15 20
Favors NOAC Favors VKA
c Hemorrhagic stroke
NOAC VKA
Event/Total Event/Total OR (95% CI)
Asian
RE-LY, 110mg 2/923 13026 —W————— 0.15 (0.03-0.68)
J-ROCKET AF 3837 41837 = 0.75 (0.17-3.36)
ENGAGE AF, 30mg 71653 19/844 0.36 (0.15-0.85)
Overall Effect — 0.35 (0.18-0.68)
Q= 2.2 (P= 0.336)
P=8.2%
Non-Asian
RE-LY, 110mg 1215092 3205096 —— 0.37 (0.19-0.73)
ENGAGE AF, 30mg 238381  71/6392 0.32 (0.20-0.52)
Overall Effect <> 0.34 (0.23-0.50)
Q= 0.1 (P= 0.720)
P=0.0%
Interaction P= 0.944
0.0 0.5 1.0 15 20
Favors NOAC Favors VKA

B inwacranial hemorrhage

NOAC VKA
Event/Total Event/Total OR (85% CI)
Asian
RE-LY, 110mg 41923 19926 —W—— 0.21(0.07-0.61)
J-ROCKET AF 5639 10639 —_—. 0.50 (0.17-1.46)
ENGAGE AF, 30mg 71652 28/641 0.24 (0.10-0.55)
Overall Effect <> 0.28(0.16-0.49)
Q= 1.5 (P= 0.468)
P=0.0%
Non-Asian
RE-LY. 110mg 235082 T1/5096 - 0.32 (0.20-0.51)
ENGAGE AF, 30mg 34/6350  104/6371 0.32 (0.22-0.48)
Qveral Effect < 0.32 (0.24-0.44)
Q= 0.0 (P=0.974)
P=0.0%
Interaction P= 0.661
0.0 0.5 1.0 15 20
Favors NOAC Favors VKA
D Gastrointestinal bleeding
NOAC VKA
Event/Total EventTotal OR (95% CI)
Asian
RE-LY, 110mg 20/923 24/926 —— 0.82 (0.46-1.52)
J-ROCKET AF 7639 15/639 —— 0.46 (0.19-1.14)
ENGAGE AF, 30mg 117852 167641 0.67 (0.31-1.46)
Overall Effect —1 0.67 (0.39-1.15)
@= 1.1 (P= 0.564)
F=0.0%
Non-Asian
RE-LY, 110mg 114/5092  101/5098 —— 1.13 (0.86-1.48)
ENGAGE AF, 30mg  118/8350  174/8371 0.67 (0.53-0.85)
Overall Effect > 0.87 (0.56-1.35)
Q= 8.0 (P= 0.005)
FP= 87.5%
Interaction P= 0.460
0.0 0.5 1.0 15 20

Favors NOAC Favors VKA

Figure 4. Safety outcomes of major bleeding.(A), intracranial’hemorrhage (B), hemorrhagic stroke (C), and gastrointestinal bleeding (D) for
the low-dose non-vitamin K antagonist (VKA) oral anticoagulants (NOACs) vs VKAs. Cl indicates confidence interval; and OR, odds ratio.

and greater proportions of impair renal function, prior stroke,
nonparoxysmal AF, and the use of antiplatelet medications.?**
Those demographic differences might be clinically relevant fac-
tors for anticoagulant treatment other than ethnic per se.

Limitations

Our analysis has several limitations. First, we did not have
individual patient-level data from trials included for this meta-
analysis. Without individual patient-level information, some of
the patients enrolled in Asian countries described in our meta-
analysis might not be ethnically Asian, and some of the Asian
patients were included in non-Asian populations in the analyses
of clinical trials.?'** However, the majority of Asian patients
would be enrolled in Asia as, for example, only 11 Asian
patients were recruited at US sites in ARISTOTLE. In addition,
the sensitivity analyses with the available information at ethnic
and regional levels from the regulatory agency showed similar
results to our primary analyses. Second, the benefit of NOACs
in Asian population may be related to genetic polymorphism
for VKA metabolism, and lower body weight and creatinine
clearance. However, relative efficacy of NOACs is consistent
across a broad range of vulnerable patients,” and a greater

reduction in bleeding risk with NOACs compared with VKAs
was seen across genotypes,’? body weight,”? and renal func-
tion.”® Finally, there was some heterogeneity between included
trials. Therefore, we used a random effects model to account for
heterogeneity within individual trials.

Conclusions

Both standard-dose and low-dose NOACs performed equally
well, or even better, with regard to efficacy and safety in
Asian than in non-Asian patients. Standard-dose NOACs are
preferred over VKAs in Asian patients, whereas low-dose
NOAC: are effective and safe alternatives to VKAs.
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Supplementary table 1. Baseline characteristics of 5 phase 111 clinical trials.

RE-LY' ROCKET AF* ARISTOTLE® ENGAGE ,4AF-TIMI J-ROC&(ET
48 AF
Asian Non- Asian Non-Asian Asian Non- Asian Non-Asian Asian
(n=2,782) Asian  (n=932) (n=13,332) (n=1,993) Asian (n= (n=19,162) (n=1,278)
(n= (n= 1,943)
15,331) 16,208)
Age, yrs 68.0 72.1 69.7% 71.3% 69 70 71 72 71.1
69.63 71.3%
Female, % 36.2 36.5 38.2 39.8 35.0 35.3 28.0 39.1 19.4
Weight, kg 66.3 85.6 66.4+ 82.7% 67 84 67.1% 85.3F
67.3% 83.1% 67.38 85.88
66.7|| 85.6||
CrCl, mL/min 65.3 74.2 66.1F 73.0F
64.0% 73.6%
Impaired 26.6 18.4 24.5 20.4 23.1 15.8 29.5% 18.4% 22.2
renal 30.58 18.58
function*, % 30.0]| 17.8]|
CHADS; 2.2 2.1 3.27 3.5 2.1 2.1 2.9 2.8 3.3
score 3.2% 3.5%
CHADS; 69.8 67.7 100.0 100.0 60.7 66.7 99.8 99.3 100.0
score >2
Qualifying
risk factors
Age >75 yrs, 27.4 42.2 34.4 43.8 24.4 32.0 375 40.4 39.0
%
Prior stroke, 24.2 10.4 65.1% 53.9% 28.8 18.3 42.4 26.9 63.6
% 65.0% 54.2%
Heart failure, 36.3 31.2 38.4% 63.9% 26.2 36.6 47.3 58.5 40.8
% 38.9% 64.3%
Hypertension, 71.2 80.2 80.6F 91.57 82.3 88.1 82.1 94.8 79.5
% 79.3% 91.0%

Diabetes, % 251 23.0 35.6F 39.8F 25.2 25.0 35.0 36.2 38.0



Prior Ml, %

Prior VKA
use, %
Baseline
aspirin, %

TTR, %
Asian

countries
involved

NOACs
therapy

9.3
36.5

47.1

56.5

China,
Hong
Kong,
India,
Japan,
Malaysia,
Philippines,
Singapore,
South
Korea,
Taiwan,
Thailand

Dabigatran 110mg or
150mg twice daily

17.9

52.0

38.1

68.9

38.3%
7.3+
3.6%
49.6+
48.5%
38.2

47.1

China,
Hong
Kong,
South
Korea,

Taiwan

Rivaroxaban 20mg
once daily (
15mg for patients with
CrCl of 30-49
mL/min)

40.5%

18.87 5.9
17.5%
6.4F
63.3%
36.2 31.9
55.7 60
India, China,
Malaysia, Hong
Philippines, Kong,
Singapore, Japan,
Thailand Malaysia,
Philippines,
Singapore,
South
Korea,
Taiwan

15.2

30.8

67

India

Apixaban 5mg twice
daily (
2.5mg for patients with
>2 of the following
criteria: age >80 yrs,
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oral anticoagulant; TTR = time in therapeutic range; VKA = vitamin K antagonist




Supplementary table 11. Pooled estimate of 3 standard-dose factor Xa inhibitors compared with vitamin K antagonists by DerSimonian

and Laird random-effects model.

Asian patients

Non-Asian patients

Interaction P value

OR (95% CI) P value OR (95% CI) P value
Stroke or SE 0.73 (0.56-0.95) 0.021 0.87 (0.78-0.97) 0.010 0.227
Ischemic stroke 1.03 (0.75-1.42) 0.847 0.97 (0.86-1.09) 0.610 0.717
MI 1.00 (0.56-1.79) 0.996 0.91 (0.78-1.06) 0.216 0.753
All-cause mortality 0.80 (0.61-1.04) 0.094 0.91 (0.85-0.98) 0.007 0.329
Major bleeding 0.57 (0.42-0.79) 0.001 0.86 (0.70-1.04) 0.126 0.037
ICH 0.31 (0.19-0.51) <0.001 0.55 (0.43-0.71) <0.001 0.041
Hemorrhagic stroke 0.34 (0.20-0.58) <0.001 0.60 (0.47-0.77) <0.001 0.060

CI = confidence interval; ICH = Intracranial hemorrhage; MI = myocardial infarction; OR = odds ratio; SE = systemic embolism




Supplementary figure 1. PRISMA diagram.
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{meta-analysis)




Supplementary figure 1l. Sensitivity analyses of standard-dose NOACS in stroke or systemic embolism (A) and major bleeding (B)
according to ethnicities.

*Event numbers for ENGAGE AF-TIMI 48 have been estimated from published confidence intervals.

A. Stroke or systemic embolism B. Major bleeding
NOAC VKA NOAC VKA
Event/Total Event/Total OR (95% CI) Event/Total Event/Total OR (95% CI)
Asian Asian
RE-LY, 150mg 25/965 52/955 —— 0.46 (0.28-0.75) RE-LY, 150mg 42/965 68/955 —— 0.59 (0.40-0.88)
ROCKET AF 36/897 50/889 —— 0.70 (0.45-1.09) ROCKET AF 44/894 70/887 —— 0.60 (0.41-0.89)
ARISTOTLE 50/1310 7711332 0.72 (0.49-1.04) ARISTOTLE 45/1302 81/1328 0.55 (0.38-0.80)
ENGAGE AF, 60mg 30/956 48/963 0.62 (0.39-0.98) ENGAGE AF, 60mg* 69/956 88/963 0.77 (0.56-1.07)
Overall Effect —_ 0.63 (0.51-0.79) Overall Effect —_ 0.63 (0.49-0.81)
Q= 2.3 (P=0.521) Q= 2.1 (P=0.549)
P=0.0% F=0.0%
Non-Asian Non-Asian
RE-LY, 150mg 109/5111 150/5067 —— 0.71 (0.56-0.92) RE-LY, 150mg 357/5111 353/5067 —.— 1.00 (0.86-1.17)
ROCKET AF 233/6184 256/6201 —.— 0.91 (0.76-1.09) ROCKET AF 351/6167 316/6195 -—.— 1.12 (0.96-1.31)
ARISTOTLE 162/7810 188/7748 0.85 (0.69-1.05) ARISTOTLE 282/7786 381/7724 0.72 (0.62-0.85)
ENGAGE AF, 60mg 152/6040 183/6032 0.83 (0.66-1.03) ENGAGE AF, 60mg* 357/6040 444/6032 0.79 (0.68-0.91)
Overall Effect = 0.84 (0.75-0.93) Overall Effect —r 0.90 (0.75-1.07)
Q= 2.4 (P= 0.495) Q= 20.0 (P<0.001)
= 0.0% P=85.0%
Interaction P= 0.022 Interaction P= 0.025
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

- B - .
Favors NOAC Favors VKA Favors NOAC Favors VKA



Supplementary figure I11. Sensitivity analyses of standard-dose NOACs in stroke or systemic embolism (A) and major bleeding (B)

according to regions.

*included China, Hong Kong, India, Japan Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand

tincluded Australia, China, Hong Kong, India, Malaysia, New Zealand, Philippines, Singapore, South Korea, Taiwan, and Thailand

tincluded Australia, China, Hong Kong, India, Japan, Malaysia, Philippines, Singapore, South Korea, and Taiwan

8included Australia, China, India, Japan, New Zealand, Philippines, South Africa, South Korea, Taiwan, and Thailand

A. Stroke or systemic embolism

NOAC VKA
Event/Total Event/Total
Asia Pacific
RE-LY, 150mg* 25/933 53/926
ROCKET AFt 45/1055 54/1054
ARISTOTLE} 5211456 80/1460

ENGAGE AF, 60mg§ 351120 55/1123
Overall Effect

Q= 3.5 (P=0.326)

P=13.3%

Rest of the world

RE-LY, 150mg 109/5143 149/5098
ROCKET AF 224/6026 252/6036
ARISTOTLE 160/7664 185/7621

ENGAGE AF, 60mg 147/5892 177/5889
Overall Effect

Q= 1.8 (P= 0.608)
P=0.0%

Interaction P= 0.025

0.0 0.5
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1.0
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>
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0.45 (0.28-0.74)
0.83 (0.55-1.24)
0.64 (0.45-0.91)
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0.64 (0.52-0.78)

0.72 (0.56-0.92)
0.89 (0.74-1.06)
0.86 (0.69-1.06)
0.83 (0.66-1.03)
0.83 (0.75-0.93)

B. Major bleeding

Asia Pacific
RE-LY, 150mg*
ROCKET AFt
ARISTOTLEF
ENGAGE AF, 60mg§
Overall Effect
Q= 5.6 (P=0.130)
F= 46.9%

Rest of the world
RE-LY, 150mg
ROCKET AF
ARISTOTLE
ENGAGE AF, 60mg
Overall Effect

Q= 17.9 (P<0.001)
P= 83.2%

Interaction P=0.072

NOAC

VKA

Event/Total Event/Total

38/933
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851120
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332/6009
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OR (95% CI)

0.57 (0.38-0.85)
0.76 (0.54-1.07)
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0.85 (0.63-1.15)
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1.01 (0.86-1.17)
1.10 (0.94-1.29)
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