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ABSTRACT

Aims This study aimed to determine the robustness,
reproducibility and representativeness of the
landmark Apixaban for Reduction in Stroke and

Other Thromboembolic Events in Atrial Fibrillation
(AF) (ARISTOTLE) and Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism
Trial in AF (ROCKET AF) randomised trials through
replication in an observational AF patient registry.
Methods and results Patients from the Global
Anticoagulant Registry in the FIELD (GARFIELD)-AF
registry treated with apixaban, rivaroxaban or vitamin
K antagonist (VKA) were assessed for eligibility for
the ARISTOTLE and ROCKET AF trials. HRs of apixaban
and rivaroxaban versus comparator for stroke/
systemic embolism, major bleeding and all-cause
mortality within 2 years follow-up were calculated
using propensity score overlap-weighted Cox models.
Among GARFIELD-AF patients on apixaban, 2570/3615
(71%) would have been eligible for ARISTOTLE. Among
patients using rivaroxaban, 2005/4914 (41%) would
have been eligible for ROCKET AF. Eligibility rates
were steady over time, with minor differences across
medical specialties. Real-world AF patients selected
according to trial criteria had lower cardiovascular
burden than the original trial participants, especially
compared with ROCKET AF. HRs (95% CI) for apixaban
versus VKA among ARISTOTLE-eligible users were
0.57 (0.34 to 0.94) for stroke/systemic embolism,
0.76 (0.48 to 1.20) for major bleeding and 0.89 (0.70
to 1.12) for all-cause mortality. Among ROCKET AF-
eligible rivaroxaban users, HRs for rivaroxaban versus
VKA were 0.90 (0.57 to 1.43), 0.92 (0.59 to 1.43)

and 0.86 (0.69 to 1.08), respectively. All safety and
efficacy estimates were similar to those in the original
trials.

Conclusion Real-world representativeness of the
selection criteria was greater for ARISTOTLE than

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The landmark trials of apixaban and rivarox-
aban—Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (AF)
(ARISTOTLE) and Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism
Trial (ROCKET) AF—demonstrated the efficacy and
safety of each compared with vitamin K antagonist
treatment. However, it is unknown if the results of
these trials can be replicated in the real-world AF
patient population.

WHAT THIS STUDY ADDS

= Using data from the international Global
Anticoagulant Registry in the FIELD-AF registry,
this study shows that nearly three-quarters of real-
world AF patients treated with apixaban would have
been eligible for ARISTOTLE, while only 40% would
have been eligible for ROCKET AF. The landmark tri-
al results for stroke/systemic embolism, all-cause
mortality and major bleeding in apixaban-treated or
rivaroxaban-treated patients compared with vitamin
K antagonist-treated patients were successfully
emulated in real-world patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Randomised controlled trials remain the standard
for assessing anticoagulant treatments. However,
real-world observational data can be used to em-
ulate trial outcomes when the data are high quality
and appropriate non-random treatment allocation

methodology is used.

ROCKET AF. The pivotal randomised trials of apixaban
and rivaroxaban versus warfarin can be successfully
emulated in real-world AF patients by applying trial-
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specific selection criteria and appropriate methodology for non-
randomised treatment allocation.
Trial registration number NCT01090362.

INTRODUCTION
Atrial fibrillation (AF) is associated with an increased
risk of stroke.! Effective oral anticoagulation (OAC)
treatment, traditionally by vitamin K antagonists (VKA),
decreases the burden of stroke and mortality in atrisk
AF patients.2 Clinical research over the past decade
has shown that non-vitamin K OACs (NOACs) are not
only non-inferior to VKAs but offer a superior balance
between reducing risk of stroke and increasing risk of
bleeding.”® NOACs have thus become widely recom-
mended for stroke prophylaxis in patients with AF 278 and
are currently the most common anticoagulant therapy.”’

The external validity of key NOAC randomised
controlled trials (RCTs) relies, in part, on the gener-
alisability of their inclusion and exclusion criteria to
real-world settings.10 Two factor Xa inhibitor trials, ARIS-
TOTLE (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in AF) and ROCKET AF (Rivar-
oxaban Once Daily Oral Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention
of Stroke and Embolism Trial in AF) used considerably
different inclusion criteria, resulting in trial populations
with markedly different baseline characteristics.” * This
has sparked debate on how relevant these studies were
for real-world AF populations.11 12

Postmarketing surveillance studies and registry data
have confirmed the overall safety and efficacy of NOAGs
for stroke prevention in real-world AF patients.13 1
However, the landmark randomised ARISTOTLE and
ROCKET AF trials have not been replicated or emulated
in large, prospectively collected observational datasets
using the original trial inclusion and exclusion criteria.
The Global Anticoagulant Registry in the FIELD AF
(GARFIELD-AF) is the world’s largest registry of treat-
ment and outcomes in newly diagnosed non-valvular
AF patients.”” Patients were recruited during the period
when NOACGs entered clinical practice. This provided a
unique opportunity to emulate NOAC versus VKA trials
and assess the generalisability of the ARISTOTLE and
ROCKET AF selection criteria to patients from a real-
world AF registry.

METHODS

The GARFIELD-AF registry

GARFIELD-AF is a prospective, observational study of
patients with non-valvular AF from 1215 sites across 35
countries across the globe.” Briefly, adults diagnosed
with AF within the preceding 6weeks, excluding cases
with valvular or transient reversible AF, and with at least
one additional risk factor for stroke as assessed by local
practitioners, were eligible for enrolment. Patients were
enrolled consecutively to minimise recruitment bias, in

five separate sequential cohorts between March 2010 and
August 2016. The choice of treatment was at the discre-
tion of local practitioners. All participants were followed
up to 2 years after study enrolment and the database has
been closed.

Patient selection

Analysis involved patients from GARFIELD-AF cohorts
3-5, recruited during April 2013-August 2016 (n=34903),
whose baseline OAC treatment included either apixaban,
rivaroxaban or VKA. Cohorts 1 and 2 were not included
because individual drug names were not recorded for
patients enrolled and, during their time of enrolment
(ie, 2010-2013), NOACs had not yet been introduced
in many participating countries. Baseline treatment was
defined as a participant’s first registered stroke proph-
ylaxis, regardless of OAC dosage or concomitant anti-
platelet (AP) treatment. Patients with incomplete data on
baseline treatment or clinical outcomes during follow-up
were excluded.

Baseline data collection

Oversight of operations and data management of
GARFIELD-AF were performed by the Thrombosis
Research Institute (TRI; London, UK). A 20% portion
of all eCRFs were monitored against source documen-
tation, there was an electronic audit trail for all data
modifications, and critical variables were subjected to
additional audit.'”” '° Patient baseline data were assessed
at enrolment into GARFIELD-AF. Data for compo-
nents of the CHADS,, CHA,DS,-VASc, HAS-BLED and
GARFIELD-AF risk stratification schemes were collected
and calculated retrospectively.l7'19 Fluctuations in the
international normalised ratio were excluded from HAS-
BLED score calculations since patients had not previ-
ously received AF thromboprophylaxis. Follow-up data
were collected at 4-month intervals up to 24 months.
Data for this report were extracted from the study data-
base on 30 June 2019.

Outcomes

The primary efficacy outcome was the composite of
stroke (haemorrhagic, ischaemic or unknown type of
stroke) or systemic embolism (SE); the secondary effi-
cacy outcome was all-cause mortality. The primary safety
outcome was major bleeding, defined according to Inter-
national Society on Thrombosis and Haemostasis (ISTH)
criteria® as clinically overt bleeding associated with fall
in haemoglobin of >20g/L, or associated with transfu-
sion of 22 units of packed red blood cells or whole blood
or bleeding in a critical site, namely intracranial (spon-
taneous intracerebral, intraventricular, subarachnoidal,
subdural, epidural), intraspinal, pericardial, intra-
articular, intramuscular with compartment syndrome,
or retroperitoneal, or leading to a fatal outcome. Clin-
ical events were defined prior to patient enrolment as
reported previously."”
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Landmark trial eligibility

Review of the trial protocols for ARISTOTLE® and
ROCKET AF* resulted in 8 distinct inclusion and 49
exclusion criteria across both (online supplemental table
S1). These criteria were matched with GARFIELD-AF
eCRFs, or operationalised where possible as described
in the table footnotes. GARFIELD-AF patients treated
with the respective NOAC or dose-adjusted warfarin were
characterised as eligible for ARISTOTLE or ROCKET AF
if one or more trial inclusion criteria and no exclusion
criteria were considered to be present at baseline.

The ARISTOTLE and ROCKET AF protocols also
contained specific inclusion targets: ARISTOTLE
aimed for <40% of patients with prior VKA use, whereas
ROCKET AF limited the percentage of patients with the
lowest stroke risk (defined as no history of stroke, tran-
sient ischaemic attack (TIA) or SE and two risk factors
for stroke, equivalent to a CHADS, score >2 to 10%.*!
These percentages were assessed in the ARISTOTLE- and
ROCKET AF-eligible GARFIELD-AF populations, though
the eligibility criteria were not modified to better reflect
the aimed targets of the two trials.

Statistical analysis

Numbers and percentages are reported for categorical
variables; medians and IQR are reported for contin-
uous variables. Missing data percentages are provided
for baseline variables (online supplemental table S2).
Crude event rates were estimated using a Poisson model-
adjusted analyses of clinical outcomes incorporated
imputed missing values from patients’ baseline character-
istics with the multivariable imputation by chained equa-
tions method.” HRs estimates were obtained combining
estimates across five imputed datasets.

To assess generalisability of patient selection to real-
world AF populations, annual trial eligibility rates were
calculated, both for the overall sample and by care setting
specialty. The proportion of GARFIED-AF patients which
would have attained the required inclusion criteria for
ARISTOTLE and ROCKET AF are reported. Finally, key
baseline characteristics of the ARISTOTLE and ROCKET
AF participants and of trial-eligible patients from the
GARFIELD-AF registry are provided.

In a real-world setting, patient baseline characteristics
can affect treatment allocation. Propensity weighting is
an important technique to emulate the conditions of a
randomised clinical trial.* Propensity scores of apix-
aban versus VKA and of rivaroxaban versus VKA were
generated using logistic regressions. Treatment compar-
isons were conducted using Cox proportional-hazards
models, with the propensity method of overlap weighting
applied to balance covariates within the population.®*
This method outperforms inverse probability of treat-
ment weighting when the comparator groups are initially
very different. In contrast to propensity score matching,
propensity score weighting has no impact on sample size.
Variables included in the propensity score weighting
scheme are reported in online supplemental table S3. In

order to assess the balance of confounders between VKA
and NOAC in the trial emulation analyses, the absolute
standardised differences of variables before and after
propensity score weighting were graphically assessed.
Time-to-event analyses included patients from time of
enrolment until the first of the outcome of interest, loss
to follow-up, early withdrawal or 2years of follow-up. Data
analysis was carried out at the TRI using SAS Enterprise
Guide V.8.2 (SAS Institute).

RESULTS

Trial eligibility

All inclusion criteria and a number of key exclusion
criteria of both trials were matched (online supple-
mental table S1). Among the trial exclusion criteria
that could not be verified from GARFIELD-AF data, a
considerable number were either already excluded from
GARFIELD-AF (eg, reversible cause for AF) or clinically
unlikely to have been incorporated in a database of real-
world newly diagnosed AF patients treated with apixaban
or rivaroxaban (eg, planned or recent major surgery, or
active or recent major bleeding). Within GARFIELD-AF,
application of the inclusion and exclusion criteria from
ARISTOTLE and ROCKET AF resulted in 2570 (71%)
ARISTOTLE-eligible apixaban users and 2005 (41%)
ROCKET AF-eligible rivaroxaban users. Among VKA-
treated patients, 8005 (68%) were eligible for ARIS-
TOTLE and 4368 (37%) were eligible for ROCKET AF
(figure 1). All but two ROCKET AF-eligible VKA users
(0.05%) were also included in the ARISTOTLE group.
Eligibility rates among NOAC users for their landmark
trial were steady over time, with only minor differences
across specialties (online supplemental figure SI).

The rate of prior VKA use in ARISTOTLE-eligible VKA
and apixaban users was 9%, within the <40% target set
by the ARISTOTLE protocol. However, the proportion
of ROCKET AF-eligible patients with low stroke risk
(CHADS,=2) was over 60% in both the rivaroxaban and
VKA arm of GARFIELD-AF, substantially exceeding the
ROCKET AF target maximum 10%. Consequently, the
CHADS, mean score of rivaroxaban-treated patients
in GARFIELD-AF was lower than in the original trial
(figure 2).

The reasons for trial ineligibility among GARFIELD-AF
patients are shown in online supplemental table S4. Of
the GARFIELD-AF patients ineligible for ROCKET AF
or ARISTOTLE, the most common reasons for exclu-
sion were no prior stroke or TIA, or for having less than
two or no risk factors for stroke at baseline. Additionally,
approximately one-third of patients ineligible for ARIS-
TOTLE had a high risk of bleeding at baseline.

Patient characteristics

Baseline data of trial-eligible GARFIELD-AF patients
are shown in table 1. Median CHAD52, CHAQDS2-VASC
and HAS-BLED risk scores among GARFIELD-AF
participants were similar in all groups, regardless of
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GARFIELD-AF
cohort 3 to §
n= 34,903 Excluded
- Not on apixaban, rivaroxaban or VKA
as baseline treatment (n = 12,071)
- Missing follow-up data (n = 13)

v

v 2 v
Patients treated with Patients treated with Patients treated with
apixaban at baseline rivaroxaban at baseline VKA at baseline
n=3,626 n=40928 n= 11,761
Excluded: Excluded: Excluded: Excluded:
No positive ARISTOTLE No positive ROCKET AF No positive ARISTOTLE No positive ROCKET AF
P ICs & missing data for >1 P ICs & missing data for >1 ICs & missing data for =1 (4 P ICs & missing data for =1
ARISTOTLE IC variable ROCKET AF IC variable ARISTOTLE IC variable ROCKET AF IC variable
n=11 n=14 n=43 n=40
v v
Apixaban users with Rivaroxaban users with VKA users with VKA users with
complete IC data or complete IC data or complete IC data or complete IC data or
>1 positive IC for >1 positive IC for =1 positive IC for >1 positive IC for
ARISTOTLE ROCKET AF ARISTOTLE ROCKET AF
n=3,615 n=4914 n= 11,718 n=11,721
Apixaban users Apixaban users Rivaroxaban users Rivaroxaban users VKA users VKA users VKA users VKA users
cligible for not eligible for cligible for not eligible for cligible for not eligible for eligible for not eligible for
ARISTOTLE ARISTOTLE ROCKET AF ROCKET AF ARISTOTLE ARISTOTLE ROCKET AF ROCKET AF
n= 2,570 n= 1,045 n=2,005 n=2909 n=8,005 n=3713 n=47368 n=7353

Figure 1 Flow chart for the selection of study population. AF, atrial fibrillation; ARISTOTLE, Apixaban for Reduction in Stroke
and Other Thromboembolic Events; GARFIELD, Global Anticoagulant Registry in the FIELD; ROCKET, Rivaroxaban Once Daily
Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial; VKA, vitamin
K antagonist.

treatment. ROCKET AF-eligible GARFIELD-AF patients GARFIELD-AF suffered more frequently from diabetes,
had higher median 2-year expected risk of death, stroke  heart failure, acute coronary syndrome, vascular and
and bleeding compared with ARISTOTLE-eligible  carotid occlusive disease and were more often receivers
patients, independently of the OAC they were prescribed ~ of concomitant AP treatment. Conversely, moderate

at baseline. Compared with NOAC users, VKA users in to severe CKD and carotid occlusive disease were more
ARISTOTLE ROCKET AF
GAF, apixaban GAF, VKA Original trial' GAF, rivaroxaban GAF, VKA Original trial®

Age (median, IQR) 76 (69-81) 71 (64-77) 70 (63-76) 76 (70-81) 75 (66-79) 73 (65-78)

Female (%) 48 47 35 47 47 40

Prior stroke/TIA/SE (%) 14 13 19 16 18 55

Congestive heart failure (%)? 22 25 35 29 30 62

Hypertension (%)* 66 74 87 97 98 91

Diabetes mellitus (%)* 24 28 25 36 38 40

CHADS: (mean = SD) 20+1.0 19409 21+1.1 26+08 25408 35+1.0

CHADS: distribution®

39 37,
Legend:
=y 87
2 I
<1 61 63

13

Figure 2 Comparison of key clinical characteristics of trial-eligible patients in GARFIELD-AF and participants in the original
trials. Since no relevant differences in characteristics were seen between study arms in either ARISTOTLE or ROCKET AF
trial, data from treatment groups in the original trials are presented as the mean. Definitions of some characteristics differed
slightly between the trials as explained in the footnotes. CHADS, scores were applied as in the respective original ARISTOTLE
and ROCKET AF trials. 1Granger et al., 2011. ?Patel et al., 2011 .%Defined in ARISTOTLE as a history of heart failure or left
ventricular ejection fraction <40% and in ROCKET AF as a history of heart failure or left ventricular ejection fraction <35%.
“Defined in ARISTOTLE as hypertension requiring pharmacological treatment and in ROCKET AF as a history of hypertension
or hypertension treatment. °Defined in ARISTOTLE as a history of diabetes mellitus, and in ROCKET AF as a history of
diabetes mellitus or use of antidiabetic medication. 6Using the CHADS, element definitions as applied in the respective
original ARISTOTLE and ROCKET AF trials. AF, atrial fibrillation; ARISTOTLE, Apixaban for Reduction in Stroke and Other
Thromboembolic Events in AF; CHADS,, Congestive heart failure, Hypertension, Age>75 years, Diabetes, previous Stroke
score; GARFIELD, Global Anticoagulant Registry in the FIELD; ROCKET AF, Rivaroxaban Once Daily Oral Direct Factor Xa
Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in AF; SE, systemic embolism; TIA,
transient ischaemic attack; VKA, vitamin K antagonist.
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Table 1 Baseline characteristics by considered trial and OAC treatment at baseline in GARFIELD-AF patients eligible for the
respective trials
ARISTOTLE ROCKET AF
Apixaban VKA Rivaroxaban VKA
Baseline characteristics (n=2570) (n=8005) (n=2005) (n=4368)
Female sex, n (%) 1240 (48.2) 3747 (46.8) 949 (47.3) 2072 (47.4)

Age, median (Q1; Q3), years
Ethnicity, n (%)

Caucasian

Hispanic/Latino

Asian

Afro-Caribbean/mixed/other
Body mass index, median (Q1; Q3), kg/m?
Systolic blood pressure, median (Q1; Q3), mm Hg
Diastolic blood pressure, median (Q1; Q3), mm Hg
Pulse, median (Q1; Q3), bpm
Type of atrial fibrillation, n (%)

Permanent

Persistent

Paroxysmal

New onset (unclassified)

Care specialty, n (%)

Internal medicine/neurology/geriatrics

Cardiology

Primary care/general practice
Care setting, n (%)

Hospital

Office/anticoagulation clinic/thrombosis centre

Emergency room
Medical history, n (%)

Heart failure

Acute coronary syndromes

Vascular disease*

Carotid occlusive disease

VTE

Prior stroke/TIA/SE

Hypertension

Hypercholesterolaemia

Diabetes

Moderate to severe CKDt
Current smoker, n (%)

AP treatment, n (%)

CHADS, scoret, median (Q1; Q3)
CHA,DS,-VASc score, median (Q1; Q3)
HAS-BLED score§, median (Q1; Q3)
GARFIELD-AF stroke score, median (Q1; Q3)q]
GARFIELD-AF bleeding score, median (Q1; Q3)9]
GARFIELD-AF death score, median (Q1; Q3)q]

76.0 (69.0; 81.0)

1513 (60.8)

70 (2.8)

859 (34.5)

46 (1.8)

26.2 (23.4; 29.8)
130.0 (120.0; 142.0)
79.0 (70.0; 85.0)
84.0 (70.0; 107.0)

340 (13.2)
392 (15.3)
895 (34.8)
943 (36.7)
486 (18.9)

1826 (71.1)
258 (10.0)

1190 (46.3)
1142 (44.4)
238 (9.3)

567 (22.1)
227 (8.9)
491 (19.3)
90 (3.6)

53 (2.1)
366 (14.4)
2082 (81.2)
1114 (44.3)
621 (24.2)
219 (8.9)
181 (7.9)
372 (14.7)
2.0 (1.0; 3.0)
4.0 (3.0; 4.0)
1.0 (1.0; 2.0)
1.4(1.0;1.9)
17(1.2;2.2)
46(29;7.7)

71.0 (64.0; 77.0)

5296 (67.3)

666 (8.5)

1730 (22.0)

174 (2.2)

27.8 (24.6; 32.0)
130.0 (120.0; 144.0)
80.0 (70.0; 88.0)
84.0 (72.0; 100.0)

1398 (17.5)
1358 (17.0)
1736 (21.7)
3513 (43.9)

1558 (19.5)
5122 (64.0)
1325 (16.6)

4643 (58.0)
2514 (31.4)
848 (10.6)

2046 (25.6)
798 (10.0)

1947 (24.6)
176 (2.2)

260 (3.3)

1032 (13.0
6761 (84.7
3506 (46.0
2219 (27.7
469 (6.3)

694 (9.4)

1665 (20.8)
2.0(1.0; 2.0
3.0(3.0;4.0
1.0(1.0; 2.0
1.5(1.1;2.0
21(1527
50(3.0;7.7

)
)
)
)

)
)
)
)
)
)

76.0 (70.0; 81.0)

1389 (69.3)

137 (6.8)

413 (20.6)

31 (1.5)
27.5(24.3;31.2)
132.0 (120.0; 142.0)
80.0 (70.0; 84.5)
82.0 (70.0; 100.0)

327 (16.3)
294 (14.7)
602 (30.0)
782 (39.0)
438 (21.8)

1331 (66.4)
236 (11.8)

918 (45.8)
926 (46.2)
161 (8.0)

594 (29.6)
211 (10.6)
512 (25.8)
60 (3.1)

54 (2.7)
324 (16.3)
1715 (85.6)
955 (49.4)
712 (35.5)
201 (10.4)
154 (7.7)
328 (16.7)
2.0 (2.0;3.0)
4.0 (3.0;5.0)
1.0 (1.0; 2.0)
15(1.2;1.9)
1.8 (1.4;2.3)
5.6 (3.6; 8.5)

75.0 (66.0; 79.0)

2930 (68.3)

405 (9.4)

862 (20.1)

94 (2.2)

27.6 (24.5; 31.7)
130.0 (120.0; 142.0)
80.0 (70.0; 85.0)
83.0 (71.0; 100.0)

878 (20.1)
669 (15.3)
891 (20.4)
1930 (44.2)

895 (20.5)
2694 (61.7)
779 (17.8)

2518 (57.6)
1419 (32.5)
431(9.9)

1353 (31.0)
486 (11.2)
1153 (26.7)
110 (2.6)
117 2.7)
758 (17.5)
3698 (84.9)
1993 (47.8)
1629 (37.3)
293 (7.2)
360 (9.0)
994 (22.8)
2.0 (2.0; 3.0)
4.0 (3.0;5.0)
1.0 (1.0; 2.0)
1.7(1.3;2.1)
2.3(1.7;2.9)
6.0 (4.0; 8.8)

Continued
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Table 1 Continued

ARISTOTLE ROCKET AF

Apixaban VKA Rivaroxaban VKA
Baseline characteristics (n=2570) (n=8005) (n=2005) (n=4368)

*Defined as peripheral artery disease and/or coronary artery disease.

TCKD was classified according to National Kidney Foundation guidelines: moderate-to-severe (stages 3-5), mild (stages 1 and 2) or

none.

$Using the CHADS, element definitions as applied in the respective original ARISTOTLE and ROCKET AF trials.

§The risk factor ‘Labile INRs’ is not included in the HAS-BLED score as it is not collected at baseline. As a result, the maximum HAS-
BLED score at baseline is 8 points (not 9). Ethnicity was classified by the investigator in agreement with the patient.

fExpected probability of non-haemorrhagic stroke/SE, major bleeding or death within 2 years follow-up.'®

AF, atrial fibrillation; AP, antiplatelet; ARISTOTLE, Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial
Fibrillation; CKD, chronic kidney disease; GARFIELD, Global Anticoagulant Registry in the FIELD; OAC, oral anticoagulation; ROCKET,
Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism
Trial; SE, systemic embolism; TIA, transient ischaemic attack; VKA, vitamin K antagonist; VTE, venous thromboembolism.

prevalent in NOAC-treated compared with VKA-treated
patients eligible for the same trial.

Among ARISTOTLE-eligible GARFIELD-AF patients,
the median age of apixaban users was greater than that of
VKA users (76 vs 71 years, respectively). Apixaban-treated
patients were also more often of Asian ethnicity (34.5% vs
22.0%) and suffered more frequently from carotid occlu-
sive disease (3.6% vs 2.2%) or moderate to severe CKD
(8.8% vs 6.3%), and less frequently from other comorbid-
ities such as heart failure (22.1% vs 25.6%) and vascular
disease (19.3% vs 24.6%).

The average age of ROCKET AF-eligible patients in
GARFIELD-AF was similar in both treatment arms (rivar-
oxaban: 76 years, VKA: 75 years), as was the proportion
of females (both 47%). However, rivaroxaban users had
a higher prevalence of moderate to severe CKD (10.4%
vs 7.2%) and a higher proportion of paroxysmal AF
patients (30.0% vs 20.4%) compared with VKA users.
ARISTOTLE-eligible GARFIELD-AF patients using apix-
aban and VKA users were older (76 and 71 years, respec-
tively) than patients in the actual ARISTOTLE trial (70
years), and more often female (48% and 47% vs 35%).
Key clinical characteristics of GARFIELD-AF and original
trial participants are shown in figure 2. ARISTOTLE-
eligible patients in GARFIELD-AF had lower prevalence
of prior stroke/TIA/SE, heart failure and hypertension,
and thus, a lower mean CHADS, score (apixaban: 2.0+1.0,
VKA: 1.9+0.9) compared with ARISTOTLE participants
(2.1£1.1).

The median age of ROCKET AF-eligible GARFIELD-AF
patients in both treatment arms (rivaroxaban: 76 years,
VEKA: 75 years) was higher than those in the ROCKET
AF trial (73 years), and so was the proportion of females
(47% vs 40%, respectively). Compared with the original
trial, ROCKET AF-eligible GARFIELD-AF patients had a
slightly lower prevalence of diabetes (36-38% vs 40%)
and higher rate of hypertension (97%-98% vs 91%), but
a two times lower prevalence of heart failure, and three
times lower prevalence of prior stroke/TIA/SE. Conse-
quently, there was a stark difference in CHADS, distribu-
tion, with under 40% with a CHADS, score23 in ROCKET

AF-eligible GARFIELD-AF patients compared with 87%
in the original trial.

Trial replication in a real-world setting

Emulating ARISTOTLE in GARFIELD-AF resulted in an
adjusted HR (95% CI) of 0.57 (0.34 to 0.94) for stroke/
SE, 0.76 (0.48 to 1.20) for major bleeding and 0.89 (0.70
to 1.12) for all-cause mortality (figure 3). In the emulated
ROCKET AF trial, adjusted HRs for stroke/SE, major
bleeding and all-cause mortality were 0.90 (0.57 to 1.43),
0.92 (0.59 to 1.43) and 0.86 (0.69 to 1.08), respectively.
The adjusted HRs in observational data showed consid-
erable overlap with results of the original trials in all
selected outcomes.

Missingness proportion was low (<3%) for most vari-
ables included in the propensity score weighting scheme,
with the exception of vital signs (5%-8%), lifestyle
factors (10%-15%) and body mass index (~20%) (online
supplemental table S2). Online supplemental figures S2
and S3 show that all confounders used in the propen-
sity score were balanced between VKA and NOAC after
weighting, indicating that the emulated ‘treatment arms’
were comparable for all confounders after applying the
weighting scheme. Crude event rates and unadjusted HRs
for GARFIELD-AF patients eligible for ARISTOTLE and
ROCKET AF are shown in online supplemental table S5.

DISCUSSION

Our study shows that the ARISTOTLE and ROCKET AF
selection criteria provide limited representativeness for
real-world patients with newly diagnosed non-valvular
AF. The relative effectiveness of NOAC versus VKA was
comparable with the outcomes of the original trials when
emulating ARISTOTLE and ROCKET AF and applying
the original trial’s selection criteria in the GARFIELD-AF
registry.

The observation that selection criteria used in RCTs
limit the generalisability of their results to real-world target
populations has been made before.”?’ Specifically, eligi-
bility rates in the AF patient registries for ARISTOTLE
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HR (95% CI)

|
|
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—e— | 0.79 (0.66-0.95)
|
|
ARISTOTLE . . ' O — 0.76 (0.48-1.20)
Major bleeding |
Apixaban vs VKA (ref) —e— I 0.69 (0.60-0.80)
|
|
. —e—— 0.89 (0.70-1.12)
All-cause mortality |
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|
|
|
|
|
|
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Stroke/SE |
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|
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Major bleeding
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|
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O ROCKET AF —0—H 0.85 (0.70-1.02)
|
0.25 0.50 1.00 150 200
Hazard ratio
Favours NOAC Favours VKA

Figure 3 Adjusted HRs comparing NOAC versus VKA. Shown are selected outcomes at 2 years of follow-up in apixaban
users eligible for ARISTOTLE (top) and rivaroxaban users eligible for ROCKET AF (bottom), using the VKA users in each group
as reference. HRs were obtained using an overlap-weighted Cox model. Variables included in the weighting scheme were
country and cohort enrolment, sex, age, ethnicity, type of AF, care setting specialty and location, congestive heart failure,
acute coronary syndromes, vascular disease, carotid occlusive disease, prior stroke/transient ischaemic attack/SE, prior
bleeding, VTE, hypertension, hypercholesterolaemia, diabetes, moderate to severe chronic kidney disease, hyperthyroidism,
hypothyroidism, current smoking, heavy alcohol consumption, body mass index, heart rate, systolic and diastolic blood
pressure at diagnosis, and baseline antiplatelet use. AF, atrial fibrillation; ARISTOTLE, Apixaban for Reduction in Stroke and
Other Thromboembolic Events; GARFIELD, Global Anticoagulant Registry in the FIELD; NOAC, non-vitamin K antagonist;
ROCKET, Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of
Stroke and Embolism Trial; SE, systemic embolism; VKA, vitamin K antagonist.

(42%-71%) and ROCKET AF (36%-58%)."" 2 This
may be due to the specific exclusion and inclusion targets
applied in ARISTOTLE and ROCKET AF, resulting in
patient groups with higher cardiovascular burden than
the average real-world AF patient, especially for ROCKET
AF. We found similar rates in GARFIELD-AF: 71% eligi-
bility for ARISTOTLE vs 41% for ROCKET-AF. What
sets our study apart is the use of a worldwide registry
of patients recruited from sites representative for each
country, rather than being restricted to a specific medical
specialty, care setting or country.

In addition, we provide an emulation of the original
NOAC versus VKA trials that faithfully reproduces the
trial’s eligibility criteria in the same dataset and produces
similar estimates for safety and efficacy. This, rather than
observing safety and efficacy in real-world (retrospective)
data of otherwise unselected apparent NOAC users, was
possible because of the unique size and quality of the

GARFIELD-AF data. Three observational studies eval-
uated the effectiveness and safety in real-world patients
but were limited to rivaroxaban and follow-up periods
shorter than in ROCKET AF.** Using discrete element
simulation to match trial characteristics, Zhang et al
showed consistently lower rates of stroke/SE and major
bleeding in the rivaroxaban arms of the observational
studies compared with ROCKET AF.*® Moreover, rivarox-
aban was non-inferior or even superior to VKA in all four
studies. Hence, using a different method and registry
data, our new findings confirm these previous similar
results while also emulating the ARISTOTLE trial.

In a recent analysis of GARFIELD-AF, we found differ-
ences in the risk of stroke/SE when the selection criteria
of ARISTOTLE were applied to apixaban-treated or
rivaroxaban-treated patients in the registry, suggesting
that selection criteria can impact trial outcomes.”” Our
current study complements this by showing that while the

Himmelreich JCL, et al. Open Heart 2025;12:002966. doi:10.1136/0penhrt-2024-002966 7

"salfojouyoa) Jejiwis pue ‘Buiuren |y ‘Buiuiw eyep pue 1xa} 0}
parejal sasn Joy Buipnjoul ‘ybLAdod Ag palaslold 1sanb Ag Gzoz Arenigad G uo wodfwg-ueayuadoy:sdny wouy papeojumoq "Szoz Arenuer 6T U0 996200-202-Myuado/ogTT 0T Se payslgnd 1siiy :LesH uado



Open Heart 8

criteria of ARISTOTLE and ROCKET AF have different
levels of relevance to the real-world AF population, their
outcomes can be emulated when their selection criteria
are applied to patients treated with the relevant NOAC.

While RCTs remain the preferred approach for
answering causal questions on efficacy and safety of
different treatments, high-quality registries are critical
for generating complementary evidence to support RCT
results.”® In particular, RCT emulation using real-world
observational data may lead to a better understanding of
how a treatment works in usual care settings versus the
more constrained settings of RCTs. Moreover, evidence
from observational registries comparing alternative treat-
ments represents an important source of information
about clinical endpoints for which RCTs are unavailable
or unfeasible. Finally, whereas RCTs use randomisation
to achieve comparability between trial arms, trial emula-
tion requires statistical techniques to mimic randomised
treatment allocation, as discussed in more detail below.
As such methods require minimisation of unknown
confounders for randomisation mimicking, high-quality
registry data are essential to ensure the validity of trial
emulation efforts.**

GARFIELD-AF provided this study with several unique
strengths for trial emulation. First, unlike previous work
which questioned the external validity of the landmark
trials using retrospective data, our study used prospec-
tively collected data with 2-year follow-up as in the orig-
inal trials. Moreover, the registry allowed for assessment
of all inclusion criteria, as well as the most important
exclusion criteria of the landmark trials. Second, emula-
tion of both trials using observational data was made
feasible by application of appropriate methodology for
non-randomised treatment allocation and confounder
adjustment using propensity score overlap weighting.
Together, this resulted in one of the nearest possible
comparisons of NOAC versus VKA in patients selected
from a real-world registry. Finally, because NOAGCs
emerged during the enrolment period of GARFIELD-AF,
the registry is uniquely positioned to compare outcomes
of their use with VKA use. Prior analyses suggested supe-
rior efficacy and safety of NOACs compared with VKA in
newly diagnosed AF patients.'”” Our work now confirms
that apixaban and rivaroxaban can be used safely in real-
world patients conforming to ARISTOTLE and ROCKET
AF trial inclusion criteria.

Our study had several limitations. First, although
GARFIELD-AF has extensive baseline data, we were
unable to assess all exclusion criteria defined by ARIS-
TOTLE and ROCKET AF. Therefore, selection bias might
have been introduced with the inclusion of AF patients
who would have been excluded from the two target
trials. Second, unlike randomised studies, observational
studies are susceptible to unobserved confounding. This
may partly explain the larger reduction in outcome risk
and wider Cls than was seen in the landmark RCTs. To
ensure comparability of treatment groups, we adjusted
for an extensive list of confounding factors, though

the possibility of unmeasured confounding cannot be
ruled out. Third, treatment was defined as the first OAC
received, meaning that our trial emulation was analo-
gous to an intention-to-treat analysis. We were unable
to account for non-recommended dosing, treatment
switches or cessation, which prevented a per-protocol
analysis. Fourth, while ROCKET AF restricted recruit-
ment of low-risk patients, our analysis incorporated all
ROCKET AF-eligible patients, resulting in a lower mean
cardiovascular risk compared with the original trial
(CHADS, score 2.6+0.8 vs. 3.5+1.0). We did not apply
the same restrictions to the GARFIELD-AF dataset, as
this would have further reduced the number of eligible
rivaroxaban users for our analyses. Fifth, GARFIELD-AF
recruited only newly diagnosed AF, whereas ARIS-
TOTLE and ROCKET AF primarily recruited prevalent
AF patients. While a number of aspects could be asso-
ciated with this difference in type of recruited patients
(eg, baseline characteristics, treatment choice or treat-
ment (dis)continuation),” we could not determine how
this may have affected the outcomes of our emulation
study. Finally, our focus was on average patient charac-
teristics and overall outcomes associated with RCT selec-
tion criteria. Generalisation of the results for real-world
patient populations not meeting the criteria for these two
trials was outside the scope of this work.*’

CONCLUSIONS
The patient selection criteria of the ARISTOTLE and
ROCKET AF trials limited the representativeness for real-
world AF patients with newly diagnosed non-valvular AF.
Treatment comparisons based on the GARFIELD-AF
observational data yielded results consistent with those of
the two RCTs. Although RCTs remain the standard for
comparing efficacy and safety of different treatments,
our work indicates that, when using high-quality obser-
vational data and appropriate methodology for non-
random treatment allocation, the emulation of target
trials in real-world data can be successful.”
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