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ABSTRACT

Objective To compare real-world effectiveness and safety
of direct oral anticoagulants (DOACs) in patients with
nonvalvular atrial fibrillation (AFib) for prevention of stroke.
Study design and setting A comparative cohort study

in UK general practice data from The Health Improvement
Network database.

Participants and interventions Before matching, 5655
patients >18 years with nonvalvular AFib who initiated at
least one DOAC between 1 July 2014 and 31 December
2020 were included. DOACs of interest included apixaban,
rivaroxaban, edoxaban and dabigatran, with the primary
comparison between apixaban and rivaroxaban. Initiators
of DOACs were defined as new users with no record of
prescription for any DOAC during 12 months before index
date.

Primary and secondary outcome measures The
primary outcome was stroke (ischaemic or haemorrhagic).
Secondary outcomes included the occurrence of all-cause
mortality, myocardial infarction (M), transient ischaemic
attacks (TIA), major bleeding events and a composite
angina/Ml/stroke (AMS) endpoint.

Results Compared with rivaroxaban, patients initiating
apixaban showed similar rates of stroke (HR: 0.93; 95%Cl
0.64 to 1.34), all-cause mortality (HR: 1.03; 95% Cl 0.87
t0 1.22), Ml (HR: 0.95; 95% Cl 0.54 to 1.68), TIA (HR: 1.03;
95%Cl 0.61 to 1.72) and AMS (HR: 0.96; 95%Cl 0.72 to
1.27). Apixaban initiators showed lower rates of major
bleeding events (HR: 0.60; 95% Cl 0.47 to 0.75).
Conclusions Among patients with nonvalvular AFib,
apixaban was as effective as rivaroxaban in reducing rate
of stroke and safer in terms of major bleeding episodes.
This head-to-head comparison supports conclusions
drawn from indirect comparisons of DOAC trials against
warfarin and demonstrates the potential for real-world
evidence to fill evidence gaps and reduce uncertainty in
both health technology assessment decision-making and
clinical guideline development.

INTRODUCTION
In the UK, atrial fibrillation (AFib) affects
1.4million patients,' and between 0.9% and

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study performed head-to-head comparisons
of direct oral anticoagulants rather than relying on
indirect comparisons of trials with different designs.

= This study used routinely collected data from elec-
tronic health records within a nationally represen-
tative UK database with good data recording and
follow-up time.

= Treatment assignment was not randomised; how-
ever, after propensity score matching, treatment
groups were similar across 40 measured demo-
graphic and clinical characteristics, suggesting
comparability between exposure groups.

= Robustness of primary findings via propensity score
matching was contextualised by use of alternative
balancing approaches in sensitivity analyses, in-
cluding propensity score weighting and high dimen-
sional propensity score matching.

= We did not link to secondary data for stroke outcome
ascertainment but reporting of stroke and other con-
ditions in the general practice record is incentivised
by the Quality and Outcomes Framework.

1.6% of the UK’s National Health Service
spending is attributable to AFib, predomi-
nantly from hospitalisations.” The condition
is associated with significant complications,
including stroke—nonvalvular AFib increases
an individual’s risk of stroke by five times,’
and between 20% and 30% of stroke cases are
attributed to AFib.*

Anticoagulants, including vitamin K antag-
onists (VKAs) and direct oral anticoagulants
(DOAGSs), are highly effective in the preven-
tion and treatment of thromboembolic events
associated with AFib. Nevertheless, VKAs like
warfarin require frequent coagulation moni-
toring due to their narrow therapeutic index
and have multiple drug and food interactions.
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Alternatively, DOACs inhibit coagulation via direct and
specific binding to active sites of thrombin (eg, dabiga-
tran) or factor Xa (eg, apixaban, rivaroxaban and edox-
aban) of the coagulation pathway. Compared with VKAs,
DOACs have a wider therapeutic index, which permits
use in fixed doses without coagulation monitoring, and
relatively limited drug and food interactions. DOACs are
the preferred anti-coagulants for patients with nonval-
vular AFib in the UK.” The safety and efficacy of DOACs
compared with VKAs for stroke prevention in patients
with AFib have been established in randomised clinical
trials (RCTs).° " However, head-to-head RCTs of DOACs
(eg, apixaban vs rivaroxaban) are not available, and rela-
tive safety and efficacy findings are based on indirect
comparisons from network meta-analyses (NMA).”

Agencies, like the National Institute for Health and
Care Excellence (NICE), evaluate the comparative effec-
tiveness and cost-effectiveness of therapies to inform
both reimbursement decisions and clinical guidelines.
Between March 2012 and September 2015, NICE sepa-
rately assessed and recommended four DOAGs for
stroke prevention in AFib: dabigatran, rivaroxaban,
apixaban and edoxaban. Because no direct compari-
sons of DOACs were available, NICE’s decision-making,
which impacts patient health and clinical practice was
based on RCTs of DOACs compared with warfarin and
indirect comparisons to other DOACs. A NMA of indi-
rect comparisons ranked rivaroxaban as the best DOAC
for reducing myocardial infarction (MI) and all-cause
mortality, while apixaban was ranked best for minimising
the risk of bleeding and dabigatran was ranked best for
reducing the rate of stroke.” However, the NMA rank-
ings had probabilities that varied from 60% to 80% and
most of the head-to-head ORs approached the null and/
or had wide confidence intervals leading NICE to inter-
pret the findings with caution. NICE noted heterogeneity
among the trials on which the indirect comparisons were
based, which limited the ability to differentiate between
DOACGSs’ effectiveness. These uncertainties were reflected
in NICE’s Atrial fibrillation: diagnosis and management
guideline’ where NICE decided to not recommend one
DOAC over the others, but instead emphasised treatment
should be personalised based on the patients’ needs and
preference.

Comparative effectiveness analysis in real-world data
(RWD) has emerged as a potential strategy for supple-
menting clinical trials and for generating evidence on
the effectiveness of products after launch.'’ There is a
growing body of literature that has duplicated AFib RCT
results in RWD,11 2 which increases confidence in RWD
studies that directly compare DOACs in RWD. However,
there is heterogeneity in the results of RWE studies that
directly compare DOACs. For example, a Scottish study in
AFib patients found no differences between DOACs for
stroke prevention."” These findings align with a French
and Danish RWE study in nonvalvular AFib patients'* '°
but differ from a US-based study of Medicare patients
with AFib, which found an increased risk of stroke for

rivaroxaban patients compared with apixaban patients."®
All-cause mortality findings are also mixed, with one study
finding no difference between apixaban compared with
rivaroxaban'* and others finding increased mortality
with rivaroxaban compared with apixaban'®'® and dabig-
atran.”” Only the French and Danish studies restricted
to nonvalvular AFib"*'® and the US-based study'® was in
patients >65 years old. Thus, it is unclear how generalis-
able these findings are to patients with nonvalvular AFib
in the UK.

The objective of this study was to evaluate the compara-
tive effectiveness and safety of the DOACs available in the
UK (apixaban, rivaroxaban, edoxaban and dabigatran)
through direct comparisons among adults with nonval-
vular AFib at risk for stroke in the UK.

METHODS

Study design and objectives

We conducted an RWD cohort study to compare the rate
of stroke among patients with nonvalvular AFib initiating
DOAGs, specifically, apixaban, rivaroxaban, edoxaban
and dabigatran. Following the steps outlined by Gatto et
al'’, we articulated the research question, conceptualised
the underlying hypothetical target trial,' identified a fit-
for-purpose data source, and posted the final protocol
publicly on the EU PASS Register of the European
Network of Centres for Pharmacoepidemiology and Phar-
macovigilance (EUPAS45073) prior to implementing the
study.

Data source

This study used anonymised patient data from The Health
Improvement Network (THIN) Database (A Cegedim
Proprietary Database). The THIN Database is a primary
care research database containing anonymised elec-
tronic health record data from around 850 UK general
practices using the VISION clinical system (since 1994)
and contains records for around 20 million patients. The
THIN database has been well described, and the quality
of data collection has been documented in multiple
studies.' *” THIN has also been shown to be representa-
tive of the UK population with respect to demographics,
major condition prevalence and mortality rates.”’

Study population and treatment

We identified adults (=18 years) with nonvalvular AFib
newly initiating apixaban, rivaroxaban, edoxaban or
dabigatran (with a 365-day washout for any prior DOAC
use) between July 2014 and December 2020 (figure 1).
Index date was assigned as the date of first qualifying
treatment initiation. Patients were required to have at
least one medical encounter in the 180 days prior to study
index date, be at risk of stroke (general practitioner (GP)
assessed CHA2DS: VASc >1 for men and >2 for women),
have no recorded history of study outcomes and have no
prior diagnosis of cardiac valve disease, deep vein throm-
bosis, pulmonary embolism, angina or congenital heart
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110,115 patients excluded due to:

e 50 excluded due to age < 18 years at index

e 77,747 excluded due to no diagnosis of non-valvular
Afib in 12 months prior to index

e 30,613 excluded due to CHA DS, VASc <1 for men and
<2 for women

952 excluded due to <12 months prior registration with
GP and <1 medical encounter in 6mo prior to index

e 753 excluded due to any prior diagnosis of cardiac valve
disease (mitral stenosis, valvular replacement), deep
vein thrombosis, or pulmonary embolism

8,336 patients excluded due to:
e 343 excluded due to no qualifying DOAC initiation on or
after July 1, 2014 (one year after start of study period)
e 7,683 excluded due to history of stoke (N=2,321), M|

~
3 N = 124,106
-'g Initiating DOACs between July 1, 2013 through Dec
° 31, 2020
o
<
s
o
- >
2 <
°
2 \ 4
S
: N =13,991
= Patients initiating a DOAC between July 1, 2013
.‘g through Dec 31, 2020 and meeting additional
(5} diagnostic and administrative requirements
-
/ >

\ 4

N = 5,655
Patients newly initiating at least one DOAC between
July 1, 2014 and Dec 31, 2020 without a prior history of
outcomes or related risk factors

(N=1,390), TIA (N=1,149), major bleeding event
(N=2,239), angina (N=567), or congenital heart disease
(N=17) at any point prior to index date

e 248 excluded due to history of a DOAC prescription in
the 365 days prior to a qualifying DOAC initiation

e 62 excluded due to censoring prior to the start of
follow-up

Patients excluded after 1:1 propensity score matching for the

A4

following comparisons:
e Apixaban vs rivaroxaban

Criteria applied by researchers
A

Y

v

Apixaban vs other DOACs (rivaroxaban, edoxaban,

N = 1,839 N =2,276 N = 1,985
Apixaban Apixaban Rivaroxaban
vs. vs. vs.
N =1,839 N =2,276 N = 1,985
\_ Rivaroxaban Other DOACs Other DOACs

dabigatran)
e Rivaroxaban vs other DOACs (apixaban, edoxaban,
dabigatran)

Patients with qualifying index prescriptions for multiple
DOACs within the same comparison were included in
PS-matched cohorts according to their chronologically first
qualifying prescription.

Figure 1

Study population for completed comparisons. DOACs, direct oral anticoagulants; GP, general practitioner; Ml,

myocardial infarction; PS, propensity score; TIA, transient ischaemic attack.

disease. History of congenital heart disease was an exclu-
sion criterion because it is linked to valvular heart disease.
Exposures of interest were defined by corresponding
Anatomical Therapeutic Chemical (ATC) codes (online
supplemental figure 1; online supplemental files 1 and
2).

The primary comparison of interest was apixaban
initiators versus rivaroxaban initiators, the two most
commonly prescribed DOACs in the UK.** Additional
comparisons considered and completed are detailed in
table 1. Patients with qualifying DOAC prescriptions from

both medications or medication groups being compared
(<0.5% of patients with qualifying prescriptions) were
indexed according to the chronologically first qualifying
prescription.

In the primary comparison, subgroup analyses were
conducted by age group (<75 years vs 275 years), by
CHA,DS, VASc score (0-1, 2-3, >24), by gender, and
among patients with vs without each of the following:
concomitant aspirin use, prior warfarin use, diabetes
mellitus and heart failure.

Table 1

Head-to-head comparisons considered and completed

Rivaroxaban

Edoxaban

Dabigatran

DOACS class

Apixaban

Rivaroxaban

DOACSs class

Primary comparison
Completed

Secondary comparison
Not completed due to
insufficient sample size*

Secondary comparison
Not completed due to
insufficient sample size*

Secondary comparison
(apixaban, rivaroxaban,
dabigatran)

Not completed due to
insufficient sample size*

Secondary comparison
Not completed due to
insufficient sample size*

Secondary comparison
Not completed due to
insufficient sample size*

Secondary comparison
(apixaban, rivaroxaban,
edoxaban)

Not completed due to
insufficient sample size*

Secondary comparison
(rivaroxaban, edoxaban,
dabigatran)

Completed

Secondary comparison
(apixaban, edoxaban,
dabigatran)

Completed

*Did not meet the sample size criteria of greater than 500 patients per treatment group, and thus inferential analyses were not completed.
DOAGCSs, direct oral anticoagulants.
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Outcomes

The primary outcome was stroke (ischaemic or haemor-
rhagic). Secondary outcomes included all-cause mortality,
MI, transient ischaemic attacks (TIA), major bleeding
events and a composite of angina/MI/stroke (AMS).
Major bleeding was defined as a composite of major intra-
cranial (including haemorrhagic stroke), gastrointestinal
and urogenital bleeds. Study outcomes were defined by
corresponding Read Medical Codes and mapped Inter-
national Classification of Disease, 10th version (ICD-
10) diagnosis codes at the primary care setting (online
supplemental files 1 and 2).

Covariates

Covariates included in the propensity score (PS) model
(described below) included age, gender, CHA,DS, VASc
score,23 year of treatment initiation and history of a
number of diagnoses and treatments (see list in table 2).
CHA:DS: VASc score was estimated using patient history
(online supplemental file 2) because the GP-assessed
CHA:2DS: VASc was not available at time of analysis due
to data availability constraints. All covariates were deter-
mined based on the literature and clinical knowledge
regarding their relationship to the primary and secondary
outcomes of interest.

Medication use was identified by ATC codes and assessed
in the 12 months prior to and including the index date.
Comorbidities were identified by Read Medical Codes
and mapped ICD-10 diagnosis codes and were assessed
over all available data prior to and including index date.
Patient demographics were measured on the index date.
High missingness (34%-98% missing; online supple-
mental table 1) in diagnostic assessments meant that we
dropped some covariates that we planned to include in
the PS models. This included marital status, cigarettes per
day, alcohol glasses per day, body mass index, hemoglobin
Alc (HbAlc), international normalised ratio, glomer-
ular filtration rate and creatinine clearance as measures
of renal function. Remaining covariates were assessed
dichotomously based on the presence or absence of diag-
nostic or medication codes in the patient history. Patients
were assumed to have had a diagnosis or prescription
of the relevant code(s) was found among their records.
Otherwise, it is assumed that the patient did not expe-
rience the event or was not prescribed the medication,
thus resulting in no missing data for these variables. Addi-
tional dichotomous characteristics considered for inclu-
sion in the PS model (eg, sepsis) capturing few (<1%)
exposed or unexposed patients were not included in
analytic models. See online supplemental file 2 for defini-
tions of all covariates included in PS models.

The l-year baseline period specified in the study
protocol (EUPAS45073) for capture of baseline comor-
bidities was expanded to all prior available data after
an observed under-capture of comorbid conditions
(eg, hypertension) in baseline using the l-year baseline
period. Results corresponding to the protocol-specified

l-year baseline are reported in online supplemental
tables 2 and 3.

PS matching

We used PS matching between exposure groups using
1:1 nearest neighbour matching without replacement
(+ a calliper of 0.01 of the PS). The PS model included
a priori selected covariates assessed prior to treatment
index, accounting for over-fitting, positivity violations and
covariate instability.**

Diagnostic phase

In order to progress to the inferential analysis phase,
each primary and secondary comparison had to pass a
series of diagnostic checks (masked to treatment specific
outcomes) including: positivity of variables, baseline
confounder balance (an absolute standardised difference
(ASD) < 0.1),* sufficient population-level persistence
on treatment (median persistence at least lyear), and
confirmation that models were not overfit (=12 exposed
patients per covariate). Adequacy of sample size was also
assessed, but insufficient sample size per pre-specified
power requirements did not preclude estimation,” as
long as each PS matched comparator group had at least
500 patients. Comparisons passing all diagnostic criteria
included apixaban versus rivaroxaban, apixaban versus
other DOACGs (rivaroxaban, edoxaban, dabigatran) and
rivaroxaban versus other DOACs (apixaban, edoxaban,
dabigatran).

Pre-specified inferential analysis

In the inferential phase, we executed Cox proportional
hazards regression models to estimate HR and 95%
CI after PS matching in the overall cohort and within
each subgroup of interest. The incidence of stroke
and secondary outcomes were assessed for the primary
comparison of apixaban vs rivaroxaban. Incidence of
stroke was compared for all secondary comparisons.
Patients were followed in an ‘intention to treat’ (ITT)
approach starting from the day after their index date. In
analyses of stroke, MI, TIA, major bleeding events and
AMS, patients were followed until the end of the study
period (December 2020) or the first occurrence of the
outcome, death or date of last contact with GP. In the
analysis of all-cause mortality, follow-up was extended
beyond the date of last contact to the date of a death if the
death occurred within 90 days of a patient’s last contact
in order to capture deaths reported after a patient’s last
contact with their GP. Secondary analysis of the primary
outcome in the apixaban versus rivaroxaban comparison
included an ‘as-treated’ approach where in addition to
the ITT censoring criteria, patients were censored on
termination of exposure, crossover of exposure group,
or addition of another DOAC. The exposure termina-
tion date was defined as the end of the last continuous
prescription (allowing for up to 30-day gaps between end
of previous and start of next prescription) plus a 30-day
risk window.
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Pre-specified sensitivity analysis

To evaluate the robustness of our findings, high-
dimensional PS (HdPS) analysis was used to estimate
the association between treatment with DOACs and the
primary and secondary outcomes. The HdPS approach is
a seven-step algorithm that empirically identifies a pool of
covariates from different data dimensions (eg, diagnoses,
procedures, medications) based on their prevalence and
then selects a subset of the covariates for inclusion in a
PS model based on their potential to bias the exposure-
outcome association.?’

Post-hoc analysis
Additional post-hoc analyses were conducted to further
contextualise the study findings. Glaucoma, a condi-
tion not impacted by DOAC use, was assessed as a nega-
tive control outcome to assess the possibility of residual
confounding after PS matching.”® Inverse probability of
treatment weighting (IPTW) and standardised mortality
ratio weighting (SMR) methods were used to evaluate
potential treatment effect heterogeneity in estimates
of effect for primary and secondary outcomes and the
robustness of results.” Primary analysis findings were
additionally assessed by gender.

All data analyses were conducted using Aetion Evidence
Platform V.4.45 (2021), software for RWD analysis. Aetion,
Inc. https://www.aetion.com.

Patient and public involvement

There was no patient or public involvement in this study,
including development of the research questions, selec-
tion of outcome measures, study design, conduct or
dissemination of findings.

RESULTS

Out of a total of 5655 patients with new use of at least
one DOAC before PS matching (figure 1), 2801 initiated
apixaban, 2221 initiated rivaroxaban, 398 initiated edox-
aban and 261 initiated dabigatran and met the criteria for
inclusion (table 2).

Primary comparison: apixaban versus rivaroxaban

A total of 2221 rivaroxaban and 2801 apixaban patients
were eligible for inclusion in PS-matched groups. Before
PS matching, the apixaban group was more likely to
initiate treatment after 2017 and more likely to be woman
compared with rivaroxaban patients (table 2). After 1:1 PS
matching, 1839 patients with apixaban and 1839 patients
with rivaroxaban were identified (figure 1). Differ-
ences in covariate prevalence were minimal, with ASD
below 0.1 for all characteristics (table 2). Due to sample
size constraints, stratified analyses by dosage were not
completed; dosages of index prescriptions are reported
in online supplemental table 1. Median follow-up time in
the I'TT analysis was 845 days [IQR 340, 1368] in the apix-
aban group and 779 days [322, 1284] in the rivaroxaban
group (online supplemental table 4). In the ‘as-treated’

approach, median follow-up time was shorter compared
with ITT and longer in apixaban compared with rivarox-
aban (506 days vs 412 days). Rivaroxaban patients were
more likely to be censored for switching to another
DOAC compared with apixaban patients (online supple-
mental table 4).

In the ITT analysis, the rate of stroke per 1000 person-
years was 12.47 in the apixaban group and 13.48 in the
rivaroxaban group (table 3). Compared with rivaroxaban,
patients initiating apixaban showed similar rates of stroke
(HR: 0.93; 95% CI 0.64 to 1.34; table 3, figure 2). Rates of
secondary outcomes were also similar between apixaban
versus rivaroxaban initiators: all-cause mortality (HR:
1.03; 95% CI 0.87 to 1.22), MI (HR: 0.95; 95% CI 0.54 to
1.68), TIA (HR: 1.03; 95% CI 0.61 to 1.72) and AMS (HR:
0.96; 95% CI0.72 to 1.27). Apixaban initiators showed
lower rates of major bleeding events (HR: 0.60; 95% CI
0.47 to 0.75; table 3, figure 2). In secondary as-treated
analysis, apixaban and rivaroxaban were similarly equiva-
lent with respect to rates of stroke (HR: 0.95; 95% CI 0.59,
1.55; table 4).

In subgroup analyses, effects on stroke varied by concom-
itant aspirin use, history of warfarin use, and CHA,DS,
VASc score, though there was limited power to detect
statistically significant differences (table 3). In HdPS-
matched analyses of stroke and secondary outcomes,
results were generally similar or trended toward lower
outcome rates among patients with apixaban relative to
PS-matched results (table 4, figure 2). Findings were also
similar in post-hoc IPTW and SMR weighted analyses of
primary and secondary outcomes (table 4, figure 2).

In ITT analysis of glaucoma as a negative control
outcome, PS-matched and HdPS-matched rates of glau-
coma were higher among patients with apixaban, though
confidence intervals included the null (PS-matched: HR,
95%CI 1.22, 0.76 to 1.97; HdPS-matched: 1.48, 0.84 to
2.64).

Secondary comparison: apixaban versus other DOACs

After PS matching, 2276 patients with apixaban and 2276
patients with DOACs other than apixaban (rivaroxaban,
edoxaban or dabigatran) were included (figure 1). Treat-
ment groups were balanced after PS-matching, defined
as ASD below 0.1 for all characteristics (table 2). Median
follow-up time was longer in the apixaban group (median
(IQR) 742 days [298, 1,259]) compared with the other
DOAGs group (681 days [296, 1170]) (online supple-
mental table 4). Similar rates of stroke were observed
between groups (HR: 0.90; 95% CI 0.64 to 1.27; table 3).

Secondary comparison: rivaroxaban versus other DOACs

After PS matching, 1985 patients with rivaroxaban and
1985 patients with DOACs other than rivaroxaban (apix-
aban, edoxaban, dabigatran) were included (figure 1).
Treatment groups were balanced after PS-matching,
defined as ASD below 0.1 for all characteristics (table 2).
Median follow-up time was shorter in the rivaroxaban
group (median (IQR) 784 days [318, 1296]) compared
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Table 3 HR of stroke and secondary outcomes among patients with nonvalvular atrial fibrillation newly initiating DOACs after
propensity score matching: primary analyses

Rate per Rate per
Patients Events 1,000 PY Patients Events 1000 PY HR

Apixaban vs rivaroxaban: primary and secondary outcomes, intent to treat

Outcome Apixaban Rivaroxaban aHR (95% Cl)

Stroke 1839 56 12.47 1839 57 13.48 0.93 (0.64 to 1.34)
All-cause mortality* 1837 288 62.72 1837 259 60.81 1.03 (0.87 to 1.22)
Myocardial infarction (Ml) 1839 24 5.28 1839 24 5.63 0.95 (0.54 to 1.68)
Transient ischaemic attack (TIA) 1839 30 6.64 1839 28 6.57 1.03 (0.61 to 1.72)
Major bleeding event 1839 117 26.72 1839 183 45.86 0.60 (0.47 to 0.75)
Composite angina/Ml/stroke 1839 97 21.93 1839 96 23.12 0.96 (0.72 to 1.27)

endpoint (AMS)
Apixaban vs rivaroxaban: primary outcome (stroke) among subgroups, intent to treat

Subgroup Apixaban Rivaroxaban aHR (95% Cl)

Age <75 years 621 11 6.49 621 9 5.80 1.10 (0.46 to 2.66)
Age >75 years 1172 41 15.24 1172 41 16.50 0.94 (0.61 to 1.44)
Concomitant aspirin use 409 14 13.16 409 5 5.04 2.54 (0.92 to 7.07)
No concomitant aspirin use 1389 41 12.31 1389 38 12.09 1.03 (0.66 to 1.60)
Prior warfarin use 263 6 9.83 263 8 14.27 0.69 (0.24 to 1.98)
No prior warfarin use 1516 46 12.35 1516 36 10.36 1.19 (0.77 to 1.85)
With diabetes 474 17 14.76 474 15 13.82 1.08 (0.54 to 2.16)
Without diabetes 1310 37 11.68 1310 33 11.12 1.05 (0.66 to 1.68)
With heart failure 189 7 17.81 189 7 17.50 1.04 (0.37 to 2.97)
Without heart failure 1611 52 13.02 1611 43 11.67 1.13 (0.76 to 1.70)
CHA2DS2 VASc 0-1 379 9 9.06 379 5 5.35 1.65 (0.55 to 4.92)
CHA2DS2 VASc 2-3 1312 40 12.67 1312 45 15.45 0.82 (0.54 to 1.26)
CHA2DS2 VASc 4+ 69 1 6.28 69 1 6.58 0.91 (0.06 to 14.58)
Male 1158 33 11.56 1158 30 11.18 1.03 (0.63 to 1.69)
Female 650 19 12.23 650 21 14.49 0.86 (0.46 to 1.60)
Analysis of secondary comparisons: primary outcome (stroke), intent to treat

Outcome Apixaban DOAGCs other than apixaban aHR (95% Cl)
Stroke 2276 65 12.57 2276 68 14.16 0.90 (0.64 to 1.27)
Outcome Rivaroxaban DOACs other than rivaroxaban aHR (95% Cl)
Stroke 1985 59 12.85 1985 65 13.36 0.96 (0.67 to 1.36)

PS model accounts for age, gender, CHA2DS2 VASc score, year of treatment initiation and the following diagnoses and treatments in
baseline: non-major bleeding events, anaemia, diabetes, hypertension, heart failure, osteoporosis/hip fracture, malignant neoplasm,
acute kidney injury, chronic kidney disease, asthma/COPD, dementia, aspirin, antiplatelets other than aspirin, warfarin, antimeric
preparations, NSAIDs, opioids, SSRIs, antidepressants other than SSRIs, antiepileptics, antipsychotics, benzodiazepines, lipid lowering
drugs, insulin, antihyperglycemics other than insulins, antihypertensives, antiarrhythmics, nitrates cardiac vasodilators, cardiac
stimulants, gastrointestinal protective agents, bisphosphonates and other agents affecting bone structure, systemic corticosteroids,
antineoplastics, systemic antibiotics, systemic antivirals, vaccines/immunoglobulins.

DOACs comprised apixaban, rivaroxaban, edoxaban, dabigatran.

In analysis of stroke, MI, TIA, major bleeding events, and AMS, patients were followed until occurrence of outcome, death, end of patient
registration or end of study period (December 2020).

*In analysis of all-cause mortality, patients were followed until occurrence of outcome (death), end of study period (December/2020)

or the later date of end of patient registration and any recorded death within 90 days of end of patient registration. Propensity score
matched sample size for analysis of all-cause mortality differs from sample size in analysis of other outcomes because of differences in
censoring criteria, which impact a small number of patients' eligibility for inclusion in analysis at the start of follow-up.

aHR, adjusted HR; PS, propensity score; PY, personyears.
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Figure 2 Hazard ratios of stroke and secondary outcomes, apixaban versus rivaroxaban, intent to treat analyses. PS

model accounts for age, gender, CHA2DS2 VASc score, year of treatment initiation and the following diagnoses and
treatments in baseline: non-major bleeding events, anaemia, diabetes, hypertension, heart failure, osteoporosis/hip fracture,
malignant neoplasm, acute kidney injury, chronic kidney disease, asthma/chronic obstructive pulmonary disease, dementia,
aspirin, antiplatelets other than aspirin, warfarin, antianemic preparations, non-steroidal anti-inflammatory drugs (NSAIDs),
opioids, selective serotonic reuptake inhibitors (SSRIs), antidepressants other than SSRls, antiepileptics, antipsychotics,
benzodiazepines, lipid lowering drugs, insulin, antihyperglycemics other than insulins, antihypertensives, antiarrhythmics,
nitrates cardiac vasodilators, cardiac stimulants, gastrointestinal protective agents, bisphosphonates and other agents affecting
bone structure, systemic corticosteroids, antineoplastics, systemic antibiotics, systemic antivirals, vaccines/immunoglobulins
Patients were followed until occurrence of outcome, death, end of patient registration, or end of study period (December
2020). HdPS, high dimensional propensity score; IPTW, inverse probability of treatment weighting; PS, propensity score; SMR,

standardised mortality ratio weighting.

with the DOACs other than rivaroxaban (828 days [343,
1399]) (online supplemental table 4). There was no differ-
ence in rate of stroke between groups (HR: 0.96; 95% CI
0.67 to 1.36; table 3).

DISCUSSION

Among patients with nonvalvular AFib, apixaban was as
effective as rivaroxaban in reducing the rate of stroke, all-
cause mortality, MI, TIA and AMS, and was safer in terms of
major bleeding episodes. Because there was heterogeneity
across prior study results, our results align with some but
not all prior research. The Scottish, Danish, and French
studies also found similar effectiveness between apixaban
and rivaroxaban,”™" while the US study found apixaban
to be more effective.'® Our effectiveness findings are also
consistent with the indirect comparison of apixaban and
rivaroxaban in the NMA used in NICE’s 2021 clinical
guidelines.” Prior research has consistently found apix-
aban to be safer in terms of major bleeding.” * *'® Some
prior research found similar equivalencies with respect to
all-cause mortality,5 4 while others have found increased
risk of all-cause mortality for rivaroxaban compared with
apixaban." ' In the secondary comparisons, the rate of
stroke was similar between apixaban and other DOACs and

rivaroxaban and other DOACs. These secondary compar-
isons offer an increase in referent group sample size with
the inclusion of patients with edoxaban and dabigatran,
noting that referent groups primarily comprised patients
with rivaroxaban or apixaban. Apixaban and rivaroxaban
were initiated more often than dabigatran and edox-
aban, which is consistent with prescribing patterns in the
UK and aligns with the selection of the primary and
secondary comparisons in the study. Because dabigatran
and edoxaban were seldom used and sample sizes were
small, head-to-head comparisons including these DOACs
were not performed.

While RCTs demonstrate that DOACs are non-inferior
to warfarin for stroke prevention in patients with nonval-
vular AFib,Sl_g4 there is a lack of RCT head-to-head
comparisons of individual DOAGCs. This uncertainty can
make reimbursement, clinical decision-making and clin-
ical guideline development challenging. NICE recently
updated its AFib clinical guidelines,” relying on a NMA
and indirect comparisons of individual DOAGCs for
evidence on their comparative effectiveness and safety.
This study addresses a known evidence gap and adds to
the clinical evidence base from RCTs and NMAs to directly
compare DOAGCs for stroke prevention in patients with
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Table 4 HR of stroke and secondary outcomes among patients with nonvalvular atrial fibrillation newly initiating apixaban
versus rivaroxaban after propensity score matching: sensitivity analyses

HR (95% Cl)

Outcome Unadjusted PS-matched HdPS-matched IPTW SMR

Stroke, all patients, by type of
follow-up

Stroke, intent-to-treat (ITT)
Stroke, as-treated (AT)

Secondary outcomes, all
patients (ITT)
All-cause mortality

1.06 (0.76 to 1.49)
1.10(0.71 to 1.71)

0.93 (0.64 to 1.34)
0.95 (0.59 to 1.55)

0.92 (0.60 to 1.42)
0.78 (0.44 to 1.38)

1.01 (0.71 to 1.44)
1.01 (0.64 to 1.62)

0.99 (0.69 to 1.44)
0.98 (0.60 to 1.60)

1.07 (0.93 to 1.24)
1.08 (0.65 to 1.79)
0.92 (0.59 to 1.42)

1.03 (0.87 to 1.22)
0.95 (0.54 to 1.68)
1.03 (0.61 to 1.72)

0.96 (0.80 to 1.15)
0.71 (0.38 to 1.30)
0.83 (0.44 to 1.55)

0.98 (0.84 to 1.15)
1.09 (0.65 to 1.84)
0.96 (0.61 to 1.51)

1.02 (0.87 to 1.20)
1.17 (0.68 to 2.01)
1.08 (0.67 to 1.74)

Myocardial infarction (MI)
Transient ischaemic attack
TA)

Major bleeding event 0.57 (0.47 to0 0.70)

1.12 (0.87 to 1.43)

0.60 (0.47 to0 0.75)
0.96 (0.72 to 1.27)

0.60 (0.46 t0 0.77)
0.83 (0.60 to 1.15)

0.56 (0.45 to 0.70)
1.08 (0.83 to 1.41)

0.55 (0.44 to 0.69)

Composite angina/Ml/stroke 1.11 (0.84 to 1.46)

endpoint (AMS)

PS model accounts for age, gender, CHA2DS2 VASc score, year of treatment initiation and the following diagnoses and treatments in baseline:
non-major bleeding events, anaemia, diabetes, hypertension, heart failure, osteoporosis/hip fracture, malignant neoplasm, acute kidney injury,
chronic kidney disease, asthma/COPD, dementia, aspirin, antiplatelets other than aspirin, warfarin, antiameric preparations, NSAIDs, opioids, SSRils,
antidepressants other than SSRils, antiepileptics, antipsychotics, benzodiazepines, lipid lowering drugs, insulin, antihyperglycemics other than
insulins, antihypertensives, antiarrhythmics, nitrates cardiac vasodilators, cardiac stimulants, gastrointestina protective agents, bisphosphonates and
other agents affecting bone structure, systemic corticosteroids, antieoplastics, systemic antibiotics, systemic antivirals, vaccines/immunoglobulins.

In assessment of stroke, MI, TIA, major bleeding events and AMS, patients were followed until occurrence of outcome, death, end of patient

registration or end of study period (December 2020).

In assessment of all-cause mortality, patients were followed until occurrence of outcome (death), end of study period (December 2020) or the later
date of end of patient registration and any recorded death within 90 days of end of patient registration.
HdPS, high dimensional propensity score; IPTW, inverse probability of treatment weighting; PS, propensity score; SMR, standardised mortality ratio

weighting.

nonvalvular AFib in the UK. This additional evidence can
help agencies like NICE contextualise the comparative
effects of rivaroxaban and apixaban and inform its clin-
ical decision-making.

This study has several strengths. The THIN data
contain general practice records for over 20million
patient records in the UK and are likely reflective
of typical patterns of treatment and care in the UK.
Prescribing data are comprehensive and complete and
are captured prospectively before outcome events. Never-
theless, this study is subject to several limitations. We
did not link to secondary care data for stroke outcome
ascertainment. However, stroke is included as part of
the Quality and Outcomes Framework,” where general
practices are incentivised to comprehensively document
instances of stroke occurring in other care settings within
patients’ medical record. THIN data have been used and
validated in published literature to evaluate AFib and
stroke.'” *** We were not sufficiently powered for any of
the comparisons according to the protocol power guide-
lines. However, an underpowered study still provides valu-
able information on clinical outcomes. Indeed, Hernan
argues that observational causal inference studies, which
place little burden on patients, should proceed even if
underpowered so that the evidence can be combined
with that from other studies through meta-analysis.*® For
the evaluation of economic outcomes, that is, through a
cost-effectiveness analysis, uncertainty in input parameter

values is propagated through the use of probabilistic sensi-
tivity analysis and thus properly reflected in the outputs.
Our analysis of glaucoma as a negative control outcome
indicates the possibility of residual confounding, with
ITT estimates showing a higher rate of glaucoma for apix-
aban relative to rivaroxaban. Despite possible residual
confounding resulting in bias away from the null, we still
observed null findings across primary and sensitivity anal-
yses in our primary outcome, stroke. As with the primary
analysis, sample size was also a limitation of these sensi-
tivity analyses.

THIN data contain records of prescriptions written,
but it is not known whether medications were dispensed
or taken. However, most patients initiating apixaban
(80.9%) and rivaroxaban (76.8%) had a second prescrip-
tion within 30 days of the end of their index prescrip-
tion and the proportion of days covered in the follow-up
period was high in both groups (mean 88.1% apixaban
and mean 83.4% rivaroxaban), providing evidence that
medications were being taken and refilled. Due to data
availability constraints, in our analyses, we estimated
patient CHA:DS: VASc scores using patient history,
which may deviate from a GP assessment-based score.
However, 99.7% of female patients and 99.8% of male
patients had patient history-estimated CHA2DS. VASc
scores, which aligned with the GP assessment-based
score cutoffs imposed by the data vendor (=2and 21,
respectively).
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This study showed that among patients with nonval-
vular AFib, apixaban was as effective as rivaroxaban in
reducing rate of stroke and safer in terms of bleeding
adverse events. This study demonstrates that compara-
tive effectiveness RWE studies have the potential to fill
evidence gaps and reduce uncertainty in HTA decision-
making and clinical guideline development.
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