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Background To compare the efficacy and safety of edoxaban vs warfarin in high-risk subgroups. 

Methods ENGAGE AF-TIMI 48 was a multicenter randomized, double-blind, controlled trial in 21,105 patients with 
atrial fibrillation (AF) within 12 months and CHADS 2 score > 2 randomized to higher-dose edoxaban regimen (HDER) 60 

mg/reduced 30 mg, lower-dose edoxaban regimen (LDER) 30 mg/reduced 15 mg, or warfarin, and followed for 2.8 years 
(median). The primary outcome for this analysis was the net clinical outcome (NCO), a composite of stroke/systemic embolism 

events, major bleeding, or death. Multivariable risk-stratification analysis was used to categorize patients by the number of 
high-risk features. 

Results The annualized NCO rates in the warfarin arm were highest in patients with malignancy (19.2%), increased 

fall risk (14.0%), and very-low body weight (13.5%). The NCO rates increased with the numbers of high-risk factors in 
the warfarin arm: 4.5%, 7.2%, 9.9% and 14.6% in patients with 0 to 1, 2, 3, and > 4 risk factors, respectively (P trend 

< 0.001). Versus warfarin, HDER was associated with significant reductions of NCO in most of the subgroups: elderly, patients 
with moderate renal dysfunction, prior stroke/TIA, of Asian race, very-low body weight, concomitant single antiplatelet 
therapy, and VKA-naïve. With more high-risk features (0- > 4 + ), the absolute risk reductions favoring edoxaban over warfarin 
increased: 0.3%- > 2.0% for HDER; 0.4%- > 3.4% for LDER vs warfarin ( P = .065 and P < . 001, respectively). 

Conclusions While underuse of anticoagulation in high-risk patients with AF remains common, substitution of effective 
and safer alternatives to warfarin, such as edoxaban, represents an opportunity to improve clinical outcomes. (Am Heart J 
2022;247:24–32.) 
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Edoxaban is one of 4 approved direct oral anticoag-
ulants (DOACs) for the prevention of stroke and sys-
temic embolism events (SEE) in patients with atrial fib-
rillation (AF). 1 The Effective Anticoagulation with Factor
Xa Next Generation in Atrial Fibrillation-Thrombolysis in
Myocardial Infarction 48 (ENGAGE AF-TIMI 48) was the
largest (21,105 patients) and longest (median 2.8 year
follow-up) randomized clinical tr ial compar ing the effi-
cacy and safety of a DOAC with warfarin in patients with
AF (56,346 patient-years of observation). 2 , 3 Patients were
randomized to once daily warfarin (target INR of 2.0-3.0),
higher-dose edoxaban regimen (HDER) 60 mg, or lower-
dose edoxaban regimen (LDER) 30 mg. For patients in
either edoxaban arm, the dose was reduced by half for
creatinine clearance (CrCl) < 50 mL/min, weight ≤ 60
kg, or concomitant potent P-glycoprotein inhibitor. The
prespecified primary end point for this analysis was the
net clinical outcome (NCO), defined as the composite of
stroke/SEE, major bleeding or all-cause death. 2 , 3 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2021.12.017&domain=pdf
mailto:rgiugliano@bwh.harvard.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ahj.2021.12.017
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Since event rates vary across the range of baseline char-
acteristics, the goal of the analysis was to evaluate the
risk-benefit profile in subgroups, particularly among pa-
tients at high risk. 4 In addition to considering the ef-
fects of individual r isk factors, multivar iate approaches to
identify the combined effects of multiple risk factors may
identify subgroup of patients who may benefit the most
from novel therapies, particularly when a newer therapy
provides a trade off in risk, and benefit. 5 , 6 , 7 These pre-
dictive approaches based on baseline characteristics aim
to detect treatment effect heterogeneity in randomized
control trials and integrates risk-modelling approach for
translation in medical decision. 8 

Methods 

We identified “high-risk” subgroups for inclusion in the
analysis, provided the subgroup: (1) Was an established
risk factor for adverse events in AF or was of high clini-
cal interest, (2) was previously described in a secondary
analysis of the ENGAGE AF-TIMI 48 trial in an original
publication in a peer-review journal, 3) had a significantly
higher rate of the NCO in the warfarin arm (logrank p-
value < 0.05) as compared to the corresponding non–
high-risk complementary subgroup . Following this defi-
nition, some of the previously published subgroups were
not included, such as gender, diabetes or liver disease, as
they did not meet all criteria. 9-11 

All analyses were conducted in the intention-to-treat
population and included first events after randomization,
whether on or off study drug. Major bleeding events
were analyzed in the safety population (all patients who
took at least 1 dose of the study drug). 2 , 3 Hazard ra-
tios (HR) with 95% confidence intervals (CI) comparing
edoxaban with warfarin for each subgroup were calcu-
lated using the Cox proportional hazards models with
treatment as a covariate, along with stratification factors.
The annualized event rates for each of the outcomes in
the warfarin vs HDER vs LDER were summarized after
dividing the patients into 4 groups: (1) 0 to 1 high-risk
factor, (2) 2 high-risk factors, (3) 3 high-risk factors and
(4) > 4 high-risk factors. 7 The HR comparing HDER vs
warfarin and LDER vs warfarin were calculated in each
strata with an interaction test. Analyses were conducted
using SAS software, version 9.4 (SAS Institute Inc, Cary,
NC) and Stata version 16.1 (College Station, TX). 

Results 

The 12 subgroups that fulfilled the definition of high-
risk (included the following: (1) the elderly (age ≥75
years); (2) increased risk of falls; (3) moderate renal dys-
function (CrCl 30-50 mL/min); (4) prior cerebrovascu-
lar disease; (5) concomitant single antiplatelet therapy
(SAPT); (6) Vitamin K antagonist (VKA) naïve; (7) history
of heart failure (HF); (8) valvular heart disease (VHD); (9)
malignancy; (10) prior coronary artery disease (CAD);
(11) self-reported as Asian race (AR); and (12) very-low
body weight (VLBW, < 55 kg). 12-23 The annualized rates
for the primary NCO in the warfarin arm are shown in
the Figure 1 and the distribution of each of the subgroup
in the 3 arms, including the description of the compara-
tor group in the footnotes, is shown in Table I . The rela-
tive efficacy of HDER compared to warfarin for the NCO
is shown in Figure 2 . 

The annualized event rates for the primary efficacy
(stroke/SEE) and safety (major bleeding) with warfarin
are shown in Supplemental (S) Figures 1 and 2 , whereas
the relative effects of HDER compared to warfarin on
stroke/SEE and major bleeding events are shown respec-
tively in Supplemental Figures 3 and 4. 

Elderly patients 
In the ENGAGE AF-TIMI 48 trial, 8,474 (40.2%) patients

were > 75 years at randomization. 12 In the warfarin arm
( Figure 1 ), the NCO rate was significantly higher in the
elderly (median 79 years, IQR 76, 82) compared to the
non–elderly (median 66 years, IQR 60, 70) (11.2% vs
6.2% P < . 001). In the elderly, HDER significantly re-
duced the NCO compared to warfarin (HR 0.87, 95%CI
0.79-0.97), and the effect was consistent compared with
the non–elderly (HR 0.91, 95%CI 0.82-1.02, P for interac-
tion = 0.55). 

Risk of falling 

At randomization, 900 (4.3%) patients were at risk of
falling based on 8 prespecified cr iter ia. 13 The NCO rate
was significantly higher in patients at risk of falling com-
pared to patients without this risk in the warfarin arm
(14.0% vs 7.9% P < . 001). The HR for the NCO com-
par ing HDER vs warfar in was consistent in patients with
(HR 0.96, 95%CI 0.73-1.27) vs without an increased fall
risk (HR 0.89, 95%CI 0.82-0.96, P for interaction = 0.60).

Patients with renal dysfunction 

Renal dysfunction is a risk factor for both thromboem-
bolic and bleeding complications in patients with AF. 24 

At the time of randomization, 4,074 (19.3%) patients
had moderate renal dysfunction, and by protocol design 

3 

these patients received a 50% dose reduction of edoxa-
ban (30 mg reduced from 60 mg for HDER and 15 mg
reduced from 30 mg for LDER). 14 In the warfarin arm,
the NCO rate was significantly higher in patients with
moderate renal dysfunction compared to those with a
CrCl > 50 mL/min (13.4% vs 7.0% P < . 001). In these
patients with moderate renal dysfunction, HDER signifi-
cantly reduced the NCO rate compared to warfarin (HR
0.86, 95%CI 0.75-0.98), similar to the effect in those with
CrCl > 50 mL/min (HR 0.91, 95%CI 0.83-0.99, P for inter-
action = 0.49). 
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Figure 1 

Annualized event rates (%) of the net clinical outcome in the warfarin arm. The annualized rates of the net outcome (stroke or systemic embolic 
event, major bleeding, or death) in the warfarin group are shown for all patients randomized to warfarin (purple), high risk subgroups (red), 
and low risk comparator subgroup (blue). Risk ratios of the NCO (rate in the high-risk subgroup ÷ rate in the low-risk subgroup) are shown 
below the X-axis. CAD, coronary artery disease; SAPT, single antiplatelet therapy; TIA, transient ischemic attack; VKA, Vitamin K antagonist; 
VHD, valvular heart disease (Color version of the figure is available online.) 

Table I. Baseline characteristics in the warfarin, high-dose edoxaban, and low-dose edoxaban arms of the ENGAGE AF-TIMI 48 trial. 

High-risk subgroups ∗ Warfarin High-dose edoxaban (60/30 
mg dose reduced) 

Low-dose edoxaban (30/15 
mg dose reduced) 

Number of high-risk/ 
participants (%) 

Number of high-risk/ 
participants (%) 

Number of high-risk/ 
participants (%) 

Elderly ( ≥75 y old) 2,820/7,036 (40.1) 2,848/7,035 (40.5) 2,806/7,034 (39.9) 
Risk of Falling 307/7,036 (4.4) 310/7,035 (4.4) 283/7,034 (4.0) 
Moderate Renal Dysfunction † (CrCl ≤50 mL/min) 1,361/7,036 (19.3) 1,379/7,035 (19.6) 1,334/7,034 (19.0) 
Prior stroke/transient ischemic attack 1,991/7,036 (28.3) 1,976/7,035 (28.1) 2,006/7,034 (28.5) 
Concomitant use of SAPT at 3 mo ‡ 1,645/6,643 (24.8) 1,642/6,595 (24.9) 1,625/6,671 (24.4) 
Vitamin K Antagonist naïve 2,898/7,036 (41.2) 2,895/7,035 (41.2) 2,870/7,033 (40.8) 
Heart Failure NYHA III to IV § 904/3,892 (23.2) 897/3,835 (23.4) 834/3,889 (21.4) 
Valvular heart disease ║ 955/7,023 (13.6) 917/7,008 (13.1) 952/7,015 (13.6) 
Coronar y arter y disease 1,502/7,035 (21.4) 1,478/7,034 (21.0) 1,530/7,033 (21.8) 
Malignancy 395/7,036 (5.6) 390/7,035 (5.5) 368/7,034 (5.2) 
Asian race 967/7,036 (13.7) 964/7,035 (13.7) 978/7,033 (13.9) 
Very-low body weight ( < 55 kg) ¶ 368/1,085 (33.9) 344/1,051 (32.7) 370/1,099 (33.7) 

CI, confidence intervals; CrCl, creatinine clearance; NYHA, New York Heart Association; SAPT, single antiplatelet therapy. 
∗ All P -values comparing the proportion of high-risk patients in the warfarin vs HDER arms were not significant ( > .05). The denominators in each subgroup can change 

according to the choice of the comparator (the control subgroup without the high-risk characteristic). 
† Compared with patients with CrCL > 50 mL/min. 
‡ Patients NCO with events occurring before the 3 months visit were excluded. The primary analysis compared SAPT with no SAPT beginning 3 months after randomization. 
§ Compared with patients without HF (NYHA stage 0), those with NYHA stage I to II were not included in the analysis. 
║ Patients were considered to have valvular disease if they have at least moderate aortic/mitral regurgitation, aortic stenosis, prior valve repair or valvuloplasty, or prior 

bioprosthetic replacement of the aortic or mitral valve at baseline. 
¶ Compared with patients with middle body weight (79.8-84 kg), those with a body weight between 55 and < 79.8 kg, as well as those > 84 kg were not included in 

the analysis. 
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Figure 2 

Net clinical outcome with higher-dose edoxaban regimen vs warfarin in high-risk subgroups. Net clinical outcome: stroke, systemic embolic 
events, major bleeding, or death from any cause. Abbreviations as in Figure 1 legend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Previous cerebrovascular events 
Patients with previous stroke or transient ischemic at-

tack (TIA) are at increased risk for recurrent ischemic
events and bleeding. 25 In the ENGAGE AF-TIMI 48 trial,
5973 (28.3%) patients had prior ischemic stroke or TIA. 15 

In the warfarin arm, the risk for the NCO was signifi-
cantly higher in those with compared to those without
previous ischemic stroke or TIA (9.7% vs 7.5% P < . 001).
The relative reduction in the primary NCO with HDER vs
warfarin was consistent in patients with (HR 0.84, 95%CI
0.74-0.96) and without previous ischemic stroke or TIA
(HR 0.92, 95%CI 0.84-1.00, P for interaction = 0.32). 

Treatment with concomitant single antiplatelet 
therapy (SAPT) 

The management of patients with concomitant antico-
agulant and antiplatelet agents is challenging since both
therapies increase the risk of bleeding. 26 In ENGAGE-
TIMI 48, 4912 (24.7%) patients were receiving SAPT at
3 months. In 92% of these the SAPT was aspirin. 16 In
the warfarin arm, the risk for the primary NCO was sig-
nificantly higher in patients with compared to the those
without a concomitant SAPT (9.5% vs 6.5%, P < . 001). In
those with SAPT, HDER significantly reduced the primary
NCO compared to warfarin (HR 0.82, 95%CI 0.71-0.95),
and the effect was consistent compared to those with-
out a concomitant SAPT (HR 0.89, 95%CI 0.81-0.98, P for
interaction = 0.35). 

Vitamin K antagonist-naïve patients 
Patients who have not previously been treated with a

VKA are at greater risk for adverse outcomes than VKA-
experienced. Using a definition of VKA-naïve as < 60 days
of continuous VKA use prior to randomization, 17 8,663
(41.0%) of patients were VKA-naïve prior to randomiza-
tion. 17 The median time in therapeutic range (INR 2-3)
on warfarin for patients who were VKA-naïve were signif-
icantly lower than in those who were VKA-experienced
(64.6% vs 70.8%, P < . 001). In the warfarin arm, the pri-
mary NCO rate was significantly higher in patients who
were VKA-naïve compared vs VKA-experienced (8.9%
vs 7.6%, P = .003). In VKA-naïve patients, HDER signifi-
cantly reduced the primary NCO over warfarin (HR 0.82,
95%CI 0.73-0.92); the benefit was even more favorable
than in VKA-experienced patients (HR 0.95, 95%CI 0.86-
1.05, P for interaction = 0.049). 

History of heart failure (HF) 
The coexistence of HF and AF worsens clinical out-

comes. In the ENGAGE-AF trial, 2635 (12.5%) patients
had severe HF (NYHA classes III-IV), 18 and the NCO rate
was significantly higher in such patients compared to
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those without prior HF (9.7% vs 7.6%, P = .001). In pa-
tients with HYHA classes III-IV HF, the HR for HDER vs
warfarin was 1.00 (0.83-1.21) as compared to 0.87 (0.77-
0.98) in patients without HF, with no significant treat-
ment heterogeneity between these subgroups, P for in-
teraction = 0.22). 

Valvular heart disease (VHD) 
VHD and AF often coexist, and both are independent

causes of morbidity and mortality. 27 At baseline, 2824
(13.4%) of patients had a history of significant left-sided
VHD, defined as moderate or severe aortic regurgitation,
mitral regurgitation, aortic stenosis; aortic or mitral valve
repair; or bio-prosthetic aortic or mitral valve replace-
ment. 19 As previously noted, patients with moderate or
severe mitral stenosis or a mechanical heart valve were
excluded from the trial. In the warfarin arm, the pri-
mary NCO rate was significantly higher in patients with
vs without VHD (10.6% vs 7.7% P < . 001). The relative
effects of HDER vs warfarin on the NCO were consistent
in patients with VHD (HR 0.96, 95%CI 0.80-1.15) com-
pared to those without VHD (HR 0.88, 95%CI 0.81-0.96,
P for interaction = 0.41). 

Malignancy 

Anticoagulation in patients with malignancy is com-
plex because of increased risks of both thrombosis and
bleeding, and the frequent need for invasive proce-
dures. 20 , 28 Patients with active malignancy at randomiza-
tion were excluded from the ENGAGE AF-TIMI 48 trial;
however 1,153 (5.5%) patients were diagnosed with new
or recurrent malignancy after randomization, most com-
monly involving the gastrointestinal tract, prostate, and
lung. 20 In the warfarin arm, the primary NCO rate in
patients with malignancy was more than twice the rate
observed in patients without malignancy (19.2% vs 7.5%
P < . 001). The HRs with HDER vs warfarin were 1.05,
95%CI 0.86 to 1.29 for patients with malignancy, and
0.88, 95%CI 0.81 to 0.95 for patients without malignancy
(P for interaction = 0.11). 20 These results were poten-
tially driven by higher risks of gastro-intestinal bleeding
with DOAC (higher local concentration of DOAC in the
gastro-intestinal mucosa), and potentially increased de-
tection of subsequent gastro-intestinal malignancies. 

Coronar y arter y disease (CAD) 
In the ENGAGE AF-TIMI 48 trial, 4510 (21.4%) had es-

tablished CAD. In the warfarin arm, the NCO rate was
higher in patients with compared to patients without es-
tablished CAD (11.3% vs 7.3% P < . 001). The relative
effect of HDER vs warfarin on the NCO was consistent
in patients with (HR 0.91, 95%CI 0.79-1.05) compared
to those without CAD (HR 0.89, 95%CI 0.81-0.97, P for
interaction = 0.74). 
Asian race (AR) 
In the ENGAGE AF-TIMI 48 trial, 2,909 (13.8%) of

patients were of personally declared AR. 22 They more
frequently qualified for a 50% edoxaban dose-reduction
due to low body-weight and/or reduced CrCl, thus re-
sulting in lower edoxaban concentration, and anti–FXa
activity. 22 In the warfarin arm, the primary NCO rate
was significantly higher in Asian patients compared to
non–Asians (9.6% vs 7.9% P = .005). In AR patients,
HDER significantly reduced the primary NCO vs warfarin
(HR 0.75, 95%CI 0.62-0.92), while the relative reduction
tended to be less in non–AR patients (HR 0.92, 95%CI
0.85-1.00, P for interaction = 0.063). 

Very-low body weight (VLBW) 
Limited data are available on the efficacy and safety of

DOACs in patients at the extremes of weight. The 1,082
(5.1%) patients with VLBW, defined as < 55 kg. were com-
pared to 2,153 (10%) patients with middle body weight
(MBW; 79.8-84.0 kg), representing the 45th-55th per-
centiles) in the trial. 23 The pharmacokinetics and phar-
macodynamics of HDER were consistent across extremes
of body weight for edoxaban concentrations (ng/mL)
and endogenous anti–factor Xa activity (IU/mL). 23 The
NCO rate was significantly higher in patients with VLBW
compared to patients with MBW (13.5% vs 7.5% P <

. 001). In patients with VLBW, HDER (reduced 30 mg
dose) significantly reduced the NCO compared to war-
farin (HR 0.67, 95%CI 0.50-0.90, P = .007); in the MBW
patients the HR was 0.89, 95%CI 0.70 to 1.14, P for inter-
action = 0.14. 

LDER vs Warfarin ( Figure 3 and supplemental figures
5-6) 

Although LDER (30 mg, dose-reduced to 15 mg) is not
approved for clinical use in patients with AF, these results
provide insight on the risk-benefit trade-offs when lower
intensity anticoagulation is used in patients with AF at
high risk of bleeding. 1 These findings are of interest in
light of the promising results with edoxaban 15 mg in the
ELDERCARE AF trial in Japanese octogenarians who were
not candidates for standard dose oral anticoagulants. 29

In ENGAGE AF-TIMI 48, the NCO rates with LDER were
numerically lower than with warfarin across all high-risk
subgroups, reaching statistical significance for 8 of the 12
high-risk subgroups ( Figure 3 ). The favorable NCOs with
LDER were driven by large reductions in major bleeding
(Supplemental Figure 6). 

Multivariable risk prediction 

The risk of the NCO increased with as the number of
risk factors increased in the warfarin arm: 4.5%, 7.2%,
9.9% and 14.6% in patients with 0 to 1, 2, 3, and > 4
risk factors, respectively (P trend < 0.001) ( Figure 4 ). The
treatment effect of HDER vs warfarin was consistent



American Heart Journal 
Volume 247 

Gencer et al 29 

Figure 3 

Net clinical outcome with lower-dose edoxaban regimen vs warfarin in high-risk subgroups. Net clinical outcomes: stroke, systemic embolic 
events, major bleeding, or death from any cause. Abbreviations as in Figure 1 legend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

across these 4 categories (P trend for interaction 0.43), whereas
a potential trend was observed with greater benefit of
LDER compared with warfarin in higher r isk categor ies
(P trend for interaction 0.061). Since event rates were higher in
patients with more risk factors, the absolute risk reduc-
tion increased across the 4 categories from 0.3% to 2.0%
for HDER vs warfarin and from 0.4% to 3.4% for LDER
vs warfarin (P trend for interaction 0.065, and P < . 001, respec-
tively). The absolute risk reduction of stroke/SEE with
HDER compared with warfarin was greater in patients
with a greater number high-risk factors (P trend for interaction 

0.011, Supplemental Figure 7), whereas the difference in
the absolute risk of major bleeding was consistent across
the 4 categories for HDER vs warfarin (P trend for interaction 

0.24, Supplemental Figure 8) and significantly lowered
with LDER compared with warfarin in patients with
higher number of risk factors (P trend for interaction < 0.001).

Discussion 

In this analysis we observed that across 12 high-risk
subgroups of patients with AF after a median follow-up
of 2.8 years, the NCO rates in the warfarin arm were the
highest in patients with active malignancy (19.2%), those
at increased risk of falling (14.0%), and those with very-
low body weight (13.5%). When compared to the effects
of warfarin, HDER was associated with significant reduc-
tions in the primary end point of this analysis (NCO) in
7 of the 12 high risk subgroups driven both with risks of
lower stroke/SEE and major bleeding. These included the
elderly, patients with moderate renal dysfunction, with
prior stroke/TIA, of Asian race, and patients with very-
low body weight receiving concomitant SAPT and VKA-
naïve patients. The latter was the only subgroup with sig-
nificant heterogeneity in treatment effect (P int = 0.049).
This finding was driven primarily by a more favorable
safety profile with edoxaban compared to warfarin that
was enhanced in high-risk patients. In 4 of the 12 sub-
groups (risk of falling, HF, valvular heart disease, coro-
nar y arter y disease) there was a numeric trend that fa-
vored HDER, while in patients with malignancy there
was a numeric trend favoring warfarin ( Figure 2 ). The
NCO rates with LDER were numerically lower than with
warfarin across all high-risk subgroups and driven by low-
ers rates of major bleeding. We previously observed that
the NCO rates were reduced with LDER compared with
HDER, also driven by a reduction in major bleeding. 30 

The predictive approaches for treatment effect hetero-
geneity use a risk-modeling approach where a multivari-
able model predicts the risk for an outcome and the treat-
ment effect summarized by risk-based subgroups within
the trial population. 8 Another approach is to evaluate
an effect-modelling by including the interaction term be-
tween treatment and baseline subgroups. We have pre-
viously shown that both the CHA 2 DS 2 VASc and TIMI-AF
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Figure 4 

Annualized event rates (%) of the net clinical outcomes with edoxaban (higher-dose or lower-dose) vs warfarin by the number of risk factors. 
Net clinical outcomes: stroke, systemic embolic events, major bleeding, or death from any cause. Abbreviations as in Figure 1 legend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

risk scores predicted higher rates of stroke/SEE, major
bleeding, 31 and of the NCO in the warfarin arm of the
ENGAGE AF-TIMI 48 population. 32 The current findings
support the relevance of using a multivar iable r isk pre-
diction model to evaluate the benefits and the harms of
a therapy and to confirm the most appropriate treatment
choices. 7 

Edoxaban has been widely studied in a variety of
patients with AF and in other cardiovascular condi-
tions. 33-41 In addition, extensive supportive pharmacoki-
netic and pharmacodynamic (including both endoge-
nous and exogenous FXa inhibition) data support the
clinical efficacy and safety data. 42-44 Lastly, an ongoing
large international registry (Edoxaban Treatment in rou-
tine clinical practice for patient with non–valvular AtriaL
Fibrillation, ETNA-AF) in over 25,000 patients has pro-
vided additional information on the efficacy and safety of
edoxaban in clinical practice, 45 , 46 Additional data with
this agent (as well as other DOACs) in patients at ex-
tremes of body weight and renal function, and at high
risk of bleeding are needed. 

Perspectives 
Since underuse of anticoagulation in high-risk patients

with AF remains common, substitution of effective and
safer alternatives to warfarin, such as edoxaban, repre-
sents a major opportunity to improve clinical outcomes. 

Limitations 
We acknowledge several limitations of this analysis.

Some high-risk conditions, such as severe renal dysfunc-
tion (CrCl of < 30 mL/min) or patients treated with dual
antiplatelet therapies were excluded from the trial. The
ENGAGE AF-TIMI 48 trial was not powered to identify
treatment effect in specific subgroups or to detect het-
erogeneity of outcomes between subgroups. However,
the trial was large enough (nearly 60,000 patient years
of observation) to support the general conclusions. Fi-
nally, we analyzed all pre-specified subgroups as well
as other post hoc subgroups from the literature. Unlike
analyses of single subgroups, we analyzed a broad range
of high-risk subgroups using an objective cr iter ion (a sig-
nificantly higher rate of the net clinical outcome than the
complementary subgroup) of an outcome that combined
the key efficacy, and safety end point, as well as all-cause
death. 

Conclusion 

Analyses of 12 high-risk subgroups of patients in the
ENGAGE AF-TIMI 48 tr ial suppor t favorable net clinical
outcomes with HDER and LDER compared with warfarin
across a broad range of vulnerable patients. As it is im-
practical to conduct large randomized clinical trials with
adequate power for each of these high-risk subgroups,
this secondary analysis from the largest such trial helps
to inform clinical decision-making in these challenging
patients. 
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