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Abstract

Introduction There are a paucity of real-world data examining effectiveness and safety of non-vitamin K antagonist oral
anticoagulants (NOACs) and warfarin in nonvalvular atrial fibrillation (NVAF) patients with prior bleeding.

Methods This retrospective analysis included data from 5 insurance claims databases and included NVAF patients pre-
scribed OACs with prior bleeding. One-to-one propensity score matching was conducted between NOACs and warfarin
and between NOACSs in each database. Cox proportional hazards models were used to evaluate the risk of stroke/systemic
embolism (SE) and MB.

Results A total of 244,563 patients (mean age 77; 50% female) with prior bleeding included 55,094 (22.5%) treated with
apixaban, 12,500 (5.1%) with dabigatran, 38,246 (15.6%) with rivaroxaban, and 138,723 (56.7%) with warfarin. Apixaban
(hazard ratio [HR]: 0.76 [95% CI: 0.70, 0.83]) and rivaroxaban (HR: 0.79 [95% CI: 0.71, 0.87]) had a lower risk of stroke/
SE vs. warfarin. Apixaban (HR: 0.67 [95% CI: 0.64, 0.70]) and dabigatran (HR: 0.88 [95% CI: 0.81, 0.96]) had a lower risk
of MB vs. warfarin. Apixaban patients had a lower risk of stroke/SE vs. dabigatran (HR: 0.70 [95% CI: 0.57, 0.86]) and
rivaroxaban (HR: 0.85 [95% CI: 0.76, 0.96]) and a lower risk of MB than dabigatran (HR: 0.73 [95% CI: 0.67, 0.81]) and
rivaroxaban (HR: 0.64 [95% CI: 0.61, 0.68]).

Conclusions In this real-world analysis of a large sample of NVAF patients with prior bleeding, NOACs were associated
with similar or lower risk of stroke/SE and MB vs. warfarin and variable risk of stroke/SE and MB against each other.

Highlights

e Data on NOAC effectiveness and safety in NVAF patients with prior bleed history are lacking.

This study included data on OAC-treated NVAF patients with a history of bleeding.

NOAC s were associated with similar or lower risk of stroke/SE and MB vs. warfarin.

NOAC:s were associated with variable risk of stroke/SE and MB against each other.

This study further demonstrated the effectiveness and safety profile when comparing NOACs to warfarin. The findings
could aid to inform the discussion on the benefits and risks in the decision making process for NVAF patients who had
a prior bleed.

Keywords Major bleed - Nonvalvular atrial fibrillation - Non-vitamin K anticoagulant - Warfarin

costs.[1] The high risk of stroke and mortality following AF

Introduction diagnosis is concerning. In emergency department settings,
about 4% of patients experience stroke within one year of
Atrial fibrillation (AF) is the most commonly treated car-  AF diagnosis, and about 11% die within that same time

diac arrhythmia globally, with a major impact on healthcare =~ frame (8% due to stroke).[2] The complexity of AF needs
a holistic approach with multidisciplinary, integrated man-
agement with active involvement of AF patients.[3] This
integrated approach to patient evaluation and management
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is increasingly advocated for AF patients[4] given the ben-
eficial impact on clinical outcomes.[5, 6].

A history of bleeding in the context of AF presents chal-
lenges for clinical management. AF patients with prior seri-
ous hemorrhagic events, like gastrointestinal (GI) bleed
or intracranial hemorrhage (ICH), are at an increased risk
for subsequent serious hemorrhagic events.[7, 8] Resump-
tion of anticoagulation therapy in AF patients following a

major bleeding (MB) event may lower the risk of ischemic
events and all-cause mortality[7, 9—14]; however, studies
have found a high risk of recurrent MB when resuming
oral anticoagulants (OAC), [13—16] thus presenting a clini-
cal challenge. The clinician must therefore weigh the anti-
thrombotic benefits of anticoagulation therapy against the
possibility of incurring another major hemorrhagic event
should therapy resume.

Patients with 21 treatment episode for apixaban, dabigatran, edoxaban, rivaroxaban, or warfarin
during the identification period (01JAN2013-30JUN2019)"
N = 5,846,949

A 4

Adult patients with continuous health plan enrollment with medical and pharmacy benefits for 12 months prior to / on the
episode start date
N = 4,550,129

<

Patients with 21 medical claim for AF during the 12 months prior to / on the episode start date
N =4,112,448

<

Excluded patients with rheumatic mitral valvular heart disease or a valve replacement procedure
during the 12 months prior to / on the episode start date
N =3,280,154

G

Excluded patients with claims indicating pregnancy during the study period
N =3,243,963

<

Excluded patients with VTE, transient AF, cardiac surgery during the 12 months prior to / on the episode start date, hip/knee
replacement surgery during the 6 weeks prior to the episode start date, or follow-up time =0
N = 2,832,572

<

Patients with a bleed prior to or during an OAC treatment episode (excluded patients without prescription after bleeding
event)
N =244,563

<

Apixaban-Warfarin = 50,435
Apixaban-Dabigatran = 12,275

Apixaban = 55,094 Dabigatran = 12,500 Rivaroxaban = 38,246 Warfarin = 138,723
Matched Pairs:
Dabigatran-Warfarin = 12,436
Apixaban-Rivaroxaban = 35,376

Rivaroxaban-Warfarin = 37,405
Dabigatran-Rivaroxaban = 12,297

Fig. 1 Patient Selection Criteria
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Vitamin K antagonists (VKAs), such as warfarin used
to be the standard of care for stroke prevention in patients
with non-valvular AF (NVAF).[17] The advent of the non-
vitamin K antagonist OACs (NOACs) apixaban, dabigatran,
edoxaban, and rivaroxaban has provided a convenient, effi-
cacious, and tolerable alternative to anticoagulation with
warfarin.[18] Unsurprisingly, the NOACs are increasingly
used in everyday clinical practice.[19, 20].

Because of these differences, it is essential to evaluate
whether AF patients with a history of bleeding might have
different outcomes when they are treated with NOACs vs.
warfarin. Additionally, as the uptake of NOACs continues
to increase, more data will be needed to fully understand the
risk—benefit profiles associated with each NOAC.

To date, research about anticoagulant therapy in AF fol-
lowing a major hemorrhagic event has generally focused on
warfarin therapy alone or warfarin vs. NOACs collectively
rather than comparing the individual NOACs to warfarin
or to one another.[7, 12, 21-23] This is a critical omis-
sion, as pharmacokinetic differences among NOACs may
affect their respective efficacy and safety. Further, given
that the effectiveness and tolerability of pharmacotherapy
in patients with NVAF can be influenced by pre-existing
patient comorbidities, such as a history of bleeding, infor-
mation on this specific subset of the AF population could
be significant when making therapeutic decisions. To help
address these gaps, this study assessed stroke/SE and MB
associated with NOACs vs. warfarin and vs. one another
among NVAF patients with prior bleeding.

Methods
Data sources

This was a retrospective observational data analysis of
NVAF patients with a history of bleeding who received
treatment with NOACs (i.e., apixaban, dabigatran, edoxa-
ban, or rivaroxaban) or warfarin. Data were pooled from
a sample of more than 180 million beneficiaries (~56% of
the US population) using the five largest insurance data-
bases in the US: Fee-for-Service Medicare data from the
U.S. Centers for Medicare & Medicaid Services (CMS), the
IBM Watson Health MarketScan Commercial Claims and
Encounter (“MarketScan”), the IQVIA PharMetrics Plus™
Database (‘“PharMetrics”), the Optum Clinformatics™
Data Mart (“Optum”), and the Humana Research Database
(“Humana”). Patients with Medicare Fee-for-Service, Medi-
care Advantage, and commercial insurance were included.
Database records included demographic and clinical infor-
mation and International Classification of Diseases, Ninth
and Tenth Revision, Clinical Modification (ICD-9-CM and

ICD-10-CM) codes, Healthcare Common Procedure Cod-
ing System (HCPCS) codes, and National Drug Codes.[24].

Patient selection

Adult patients (age> 18 on index date) with an OAC treat-
ment episode (apixaban, dabigatran, edoxaban, rivaroxaban,
or warfarin) between January 1, 2013 and June 30, 2019
(identification period) were selected. A treatment episode
was defined as the treatment from OAC prescription date
to discontinuation (>30 days with no OAC use), switch,
death, the end of study period, or end of continuous medi-
cal or pharmacy enrollment. Episodes were included if the
patient had an AF diagnosis during the 12 months prior to /
on the OAC prescription date and continuous medical and
pharmacy health plan enrollment for 12 months before or
on the OAC prescription date (baseline period). Episodes
were excluded if the patients had evidence of valvular heart
disease, venous thromboembolism, transient AF (pericardi-
tis, hyperthyroidism, thyrotoxicity), or heart valve replace-
ment during the baseline period; were pregnant during the
study period; or underwent hip or knee replacement surgery
within 6 weeks before the OAC prescription date. Addi-
tional patient selection criteria are provided in Fig. 1.

Among patients with eligible OAC episodes, those with a
bleeding event prior to or during the OAC treatment episode
were selected. A bleeding event was defined as a hospital-
ization with a diagnosis of ICH or GI bleeding or a hospi-
talization with a primary diagnosis of bleeding at other key
sites (e.g., conjunctival, genitourinary system, hematuria.
The full list of codes used for other key sites can be found in
Supplemental Table 1). If a patient had more than one type
of bleed during baseline, a hierarchy was applied to catego-
rize patients as follows: ICH, GI, and bleeding at other key
sites. The first OAC prescription date after a bleeding event
was designated as the index date. If bleeding event occurs
during an OAC episode, the index date reflects the first pre-
scription after the bleeding event within a treatment epi-
sode. If the bleeding event occurs prior to OAC treatment
episode, the index date reflects the start of an OAC treat-
ment episode. Patients prescribed edoxaban were excluded
due to small sample size.

Outcome measures

The primary effectiveness outcome was stroke/systemic
embolism (SE), stratified by stroke type (i.e., ischemic,
hemorrhagic, and SE). The primary safety outcome was
MB, stratified by GI bleeding, ICH, and MB in other key
sites.[25, 26] Primary outcomes were operationalized by
inpatient claims with stroke/SE or MB as the principal
(Medicare, MarketScan, and Optum) or first-listed (Humana
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and PharMetrics) diagnosis. Diagnosis codes for stroke/SE
and MB are presented in Supplemental Table 1.

Outcomes were assessed during the follow-up period,
defined as the time from 1 day post-index date to the earliest
of the following: 30 days post-discontinuation date, switch
date (date of new OAC within 30-days of end of days supply
of index OAC), date of death (inpatient and all-cause death
for commercial data and Medicare populations, respec-
tively), end of continuous health plan enrollment, or study
end (June 30, 2019).

Statistical analysis

Descriptive analysis was conducted for each treatment
cohort. To control for different patient characteristics, pro-
pensity score matching (PSM) was used to compare each
individual NOAC with warfarin (i.e., apixaban vs. warfarin,
dabigatran vs. warfarin, and rivaroxaban vs. warfarin) as
well as each individual NOAC with one another (i.e., apixa-
ban vs. dabigatran, apixaban vs. rivaroxaban, and dabiga-
tran vs. rivaroxaban). PSM was conducted in each database
using two comparative cohorts before pooling the datasets.
Patients were matched 1:1 by propensity scores generated
using multivariable logistic regressions for baseline char-
acteristics, including type of prior bleed, prior OAC use,
demographics, and clinical characteristics (see Tables 1
and 2 for complete covariate list). Further details on PSM
methodology appear in prior publications.[27] The PSM-
adjusted baseline variables were compared based on stan-
dardized differences, with a threshold of 10%.[28].

Stroke/SE and MB incidence after index OAC were cal-
culated using the number of events divided by total person-
years at risk and multiplied by 100, with Kaplan-Meier
curves to illustrate cumulative rates. Cox proportional haz-
ard models with robust sandwich estimates were also applied
to the PSM population within the pooled dataset to evalu-
ate the comparative risks.[29] OAC treatment was included
as the independent variable in the Cox models because all
matched covariates were similar after PSM between the 2
comparative arms. P-values of 0.05 were used as the thresh-
old for statistical significance.

Subgroup Analysis

Three subgroup analyses were conducted. The first two sub-
group analyses were two interaction analyses, one between
treatment and prior OAC use (with prior OAC use vs. with-
out prior OAC use), and another between treatment and type
of prior bleed (i.e., ICH, GI, other). The statistical signifi-
cance (p<0.10) of the interaction between treatment and
prior OAC use or bleed type was evaluated.

@ Springer

The third analysis was the dose subgroup analysis for the
NOAC cohorts. Standard-dose (i.e., apixaban 5 mg twice-
daily, dabigatran 150 mg twice-daily, rivaroxaban 20 mg
daily) and lower-dose (apixaban 2.5 mg twice-daily, dabi-
gatran 75/110 mg twice-daily, rivaroxaban 15 mg/10 mg
daily) patients were examined separately based on index
prescription dosage. Warfarin cohort patients were matched
to NOAC patients with either dosage. INR data was not
available for this analysis. The statistical methods of the
main analysis were used, wherein 1:1 PSM patients in each
dataset were pooled and compared.

Institutional Review Board approval

Institutional Review Board review and approval were not
required because this study did not involve the collection,
use, or transmittal of individually identifiable data. Both
the datasets and the security of the offices where analy-
sis was completed (and where the datasets are kept) meet
the requirements of the Health Insurance Portability and
Accountability Act of 1996.

Results

After applying the selection criteria, a total of 244,563 NVAF
patients with prior bleeding events were identified, including
55,094 (22.5%) prescribed apixaban, 12,500 (5.1%) dabi-
gatran, 38,246 (15.6%) rivaroxaban, and 138,723 (56.7%)
warfarin'. Among patients with a prior bleed, 60.0% had a
prior GI bleed, 12.2% had a prior ICH bleed, and 27.9% had
a bleed at another key site. Most patients had the bleeding
event more than or equal to one year before the index date
(65.4%) and had OAC treatment in the 12 months before
the bleeding event (67.7%). For apixaban, dabigatran, and
rivaroxaban patients, 38.8%, 31.5%, and 42.3% used lower
dosage regimens, respectively. The baseline characteristics
of patients in each treatment cohort can be found in Supple-
mental Table 2.

The unadjusted incidence rate of stroke/SE—includ-
ing ischemic stroke, hemorrhagic stroke, and SE—was
2.7 (apixaban), 2.6 (dabigatran), 2.5 (rivaroxaban), and
2.9 (warfarin) per 100 person-years (data not shown). The
unadjusted incidence rate of MB—including GI bleeding,
ICH, and other MB—was 9.4 (apixaban), 10.9 (dabigatran),
13.4 (rivaroxaban), and 13.6 (warfarin) per 100 person-
years, respectively (data not shown).

After 1:1 PSM, a total of 50,435 apixaban—warfarin,
12,436 dabigatran—warfarin, 37,405 rivaroxaban—warfarin,
12,275 apixaban—dabigatran, 35,376 apixaban—rivaroxaban,

' There were 241 patients with an edoxaban treatment episode cap-
tured, which accounted for 0.1% of the sample.
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and 12,297 dabigatran—rivaroxaban pairs were evaluated.
The mean age was 77-78 years for the matched cohorts,
and the mean follow-up time was 89 months. Complete
descriptive baseline characteristics of the pooled analy-
sis are presented in Tables 1 and 2. All baseline variables
included in the PSM logistic models were balanced with
standardized differences < 10% (Tables 1 and 2).

NOAC-Warfarin comparisons after PSM

Among NVAF patients with prior bleed, apixaban (hazard
ratio [HR]: 0.76, 95% confidence interval [CI]: 0.70-0.83)
and rivaroxaban use (HR: 0.79, 95% CI: 0.71-0.87) were
associated with a lower risk of stroke/SE compared with
warfarin. Ischemic stroke was the most prevalent type of
stroke/SE, with a lower risk in apixaban (HR: 0.83, 95% CI:
0.75-0.91) and rivaroxaban (HR: 0.84, 95% CI: 0.75-0.94)
patients compared with warfarin patients. (Fig. 2).
Apixaban (HR: 0.67, 95% CI: 0.64—0.70) and dabigatran
(HR: 0.88, 95% CI: 0.81-0.96) were associated with a lower
risk of MB compared with warfarin. Apixaban was associ-
ated with a lower risk (HR:0.75, 95% CI: 0.71-0.79), and
rivaroxaban was associated with a higher risk (HR: 1.17,
95% CI:1.10-1.25) of GI bleeding (the most prevalent type
of MB) vs. warfarin. All NOACs were associated with a
lower risk of ICH vs. warfarin (apixaban: HR: 0.67, 95%
CI: 0.59-0.76; dabigatran: HR: 0.66, 95% CI: 0.51-0.86;
rivaroxaban: HR: 0.64, 95% CI: 0.55-0.74). (Fig. 2).

NOAC-NOAC comparisons after PSM

Apixaban patients had a lower risk of stroke/SE compared
with dabigatran (HR: 0.70, 95% CI: 0.57-0.86) and riva-
roxaban (HR: 0.85, 95% CI: 0.76-0.96), and dabigatran
patients were associated with a similar risk of stroke/SE
compared with rivaroxaban (HR: 1.04, 95% CI: 0.87-1.25)
(Fig. 3). Compared with dabigatran and rivaroxaban, apixa-
ban was associated with a lower risk of MB (dabigatran:
HR: 0.73, 95% CI: 0.67-0.81, rivaroxaban: HR: 0.64, 95%
CI: 0.61-0.68) and lower risk of GI bleeding (dabigatran
HR: 0.75, 95% CI: 0.67-0.85 and rivaroxaban HR: 0.64,
95% CI: 0.59-0.68). Compared with rivaroxaban, dabiga-
tran was associated with a lower risk of MB and GI bleeding
(MB HR: 0.84, 95% CI: 0.77-0.92 and GI HR: 0.81, 95%
CI: 0.73-0.90) (Fig. 3).

The Kaplan-Meier curves for cumulative incidence of
stroke/SE and MB in the matched populations appear in
Supplemental Figs. 1 and 2.

Subgroup analyses

In the first interaction analysis of treatment with prior OAC
use, treatment effects were generally consistent regardless
of prior OAC use. For dabigatran vs. warfarin and dabi-
gatran vs. rivaroxaban, patients without prior OAC use
experienced a greater magnitude of reduction in the risk of
MB compared with patients with prior OAC use. Addition-
ally, for apixaban vs. dabigatran, a similar risk of MB was
observed among patients without prior OAC use while a
lower risk of MB was found in those with prior OAC use
(Supplemental Tables 3 and 4). No significant interactions
were observed for treatment and type of prior bleed for
stroke/SE or MB (Supplemental Tables 5 and 6).

Results of the dose subgroup analysis were generally con-
sistent with the main analysis; however, the risk of stroke/
SE was similar between standard-dose apixaban when
compared with standard-dose rivaroxaban (Supplemental
Table 7). Among patients with low-dose rivaroxaban, the
risk of stroke/SE was similar compared with warfarin. There
was no significant differences for stroke/SE between the
low-dose NOAC:s [i.e. apixaban vs. rivaroxaban and apixa-
ban vs. dabigatran] (Supplemental Table 8). Also, there was
no significant difference in the risk of MB when comparing
low dose dabigatran to rivaroxaban (Supplemental Table 8).

Discussion

To our knowledge, this is one of the first retrospective,
real-world cohort analyses among U.S. patients to compare
individual NOACs to warfarin and to one another in a large
sample of NVAF patients with previous bleeding. Lever-
aging data from 5 large U.S. claims databases, this study
found that apixaban and rivaroxaban were associated with a
lower risk of stroke/SE, and dabigatran was associated with
a similar risk of stroke/SE, when compared with warfarin.
Apixaban and dabigatran were associated with a lower risk
of MB, and rivaroxaban was associated with a similar risk
of MB, compared with warfarin. Subgroup analyses of prior
OAC use, type of prior bleed and NOAC dose showed gen-
erally consistent findings to the main analysis.

The current findings are consistent with published studies
reporting favorable outcomes on stroke/SE and/or MB for
NOAC S vs. warfarin in AF patients with prior major hemor-
rhage.[22, 23, 30-32] Most of these studies used datasets
from Danish, Korean, or Taiwanese populations, which may
limit the generalizability of findings to U.S. patients. For
example, Lee et al.[32] found NOACs were associated with
multiple positive outcomes compared with warfarin in AF
patients with previous ICH, including a lower risk of fatal
and nonfatal ischemic stroke, ICH, the composite outcome

@ Springer
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Comparator Warfarin
Incidence per 100 person-years Hazard Ratio (95% C1) P-value
Apixaban vs Warfarin (N=50,435 vs. N=50,435)
Stroke/SE 2.56 335 0.76 (0.70-0.83) - <.0001
Ischemic 208 252 0.83 (0.75-0.91) - 0.0002
Hemorrhagic 037 0.59 0.63 (0.50-0.78) it <,0001
Systemic Embolism 0.12 025 0.48 (0.33-0.70) e 0.0001
Major Bleeding 9.27 13.68 0.67 (0.64-0.70) . <.0001
Gl Bleeding 584 7.70 0.75 (0.71-0.79) - <.0001
Intracranial Hemorrhage 123 178 0.67 (0.59-0.76) - <,0001
Other sites 231 468 0.48 (0.44-053) - <.0001
Dabigatran vs Warfarin (N=12,436 vs. N=12,436)
Stroke/SE 257 271 0.95(0.79-1.13) —4L 0.5513
Ischemic 218 192 1.14(0.93-1.39) T 0.2128
Hemorrhagic 0.25 059 0.43 (0.26-0.69) —— 0.0005
Systemic Embolism 0.14 0.22 0.63 (0.31-1.26) e 0.1894
Major Bleeding 1091 1267 0.88 (0.81-0.96) - 0.0036
Gl Bleeding 6.86 691 1.01(0.91-1.13) - 0.8271
Intracranial Hemorrhage 1.03 156 0.66 (0.51-0.86) =t 0.0017
Other sites 361 4.60 0.81(0.70-0.93) - 0.0037
Rivaroxaban vs Warfarin (N=37,405 vs. N=37,405)
Stroke/SE 248 3.15 0.79(0.71-0.87) - <.0001
Ischemic 195 231 0.84 (0.75-0.94) - 0.0033
Hemorrhagic 0.40 0.61 0.66 (0.52-0.84) —— 0.0008
Systemic Embolism 0.16 0.24 0.65 (0.44-0.97) e 0.0329
Major Bleeding 13.39 13.27 1.01 (0.96-1.06) - 0.7205
Gl Bleeding 859 733 117 (1.10-1.25) - <.0001
Intracranial Hemorrhage 110 171 0.64 (0.55-0.74) - <,0001
Other sites 420 465 0.50 (0.83-0.98) .'1 0.0134
0 05 1 15 2 25

Favors NOAC Favors Warfarin

Fig. 2 Propensity Score-Matched Incidence Rates and Hazard Ratios of Stroke/SE and Major Bleeding for NOAC versus Warfarin Cox
proportional hazard models with robust sandwich estimates were used to evaluate the risk of stroke/SE and major bleeding CI: confidence interval;
GI: gastrointestinal; ICH: intracranial hemorrhage; NOAC: non-vitamin K antagonist oral anticoagulant; SE: systemic embolism

of stroke plus ICH, death from the composite outcome, and
all-cause mortality. Kwon et al.[31] similarly observed sig-
nificantly lower rates of fatal and nonfatal ischemic stroke,
fatal and nonfatal ICH, nonfatal GI bleed, and all-cause
death with NOACs vs. warfarin in AF patients with a prior
GI bleed.

The current study extends the findings from the existing
evidence by comparing each NOAC individually against
warfarin and against one another and using a large U.S.
cohort that includes multiple types of bleeding (i.e., ICH,
GI, and other MB). Our findings suggest NOACs may rep-
resent a safe and effective option for initiating or resuming
anticoagulation in AF patients with prior bleeding, and that,
compared with warfarin, these drugs could offer at least
comparable— and in some cases possibly better—protec-
tion against stroke/SE and MB. However, these findings
need to be confirmed by randomized controlled trials in AF
patients with a history of ICH, GI bleed, or other MB. Some
ongoing and recently completed randomized clinical trials
will provide more insights about the effects of NOACs on
thromboembolic and bleeding events in AF patients with a
history of ICH (NCT03996772 and NCT02998905).

@ Springer

Across different NOACs, apixaban was associated with a
lower risk of stroke/SE and MB compared with dabigatran
and rivaroxaban, and dabigatran was associated with lower
risk of MB than rivaroxaban. Our findings were consistent
with Kwon et al.[31] who reported a lower risk of MB with
apixaban vs. dabigatran, rivaroxaban, and edoxaban. None-
theless, only head-to-head clinical trials will provide defini-
tive answers about the efficacy and safety of NOACs vs.
NOAGC: in the AF population, and in AF patients with a his-
tory of bleeding specifically.

The effectiveness and safety of different NOACs have
not been previously established in a U.S. cohort of NVAF
patients with prior bleeding. This represents a major lit-
erature gap, given that NOAC prescribing in the United
States and Europe has increased considerably over the past
decade,[33—-35] with the American College of Cardiology,
American Heart Association, and European Society of
Cardiology now recommending NOACs over warfarin to
reduce stroke risk in AF populations.[36—38] Formal clini-
cal practice guidelines are still lacking as to which NOAC
to prescribe, when, and at what dose for AF patients with
prior bleeding. In response to growing evidence about the
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Comparator

Reference

Incidence per 100 person-years

Hazard Ratio (95% C1)

Apixaban vs Dabigatran (N=12,275 vs. N=12,275)
Stroke/SE 182 260 0.70(0.57-0.86)
Ischemic 152 220 0.69 (0.55-0.86)
Hemorrhagic 0.18 0.26 0.71(0.37-1.36)
Systemic Embolism 0.12 014 0.85(0.37-1.93)
Major Bleeding 825 10.90 0.73(0.67-0.81)
Gl Bleeding 530 6.86 0.75(0.67-0.85)
Intracranial Hemorrhage 0.92 1.02 0.90(0.67-1.22)
Other sites 209 361 0.55 (0.46-0.66)
Apixaban vs Rivaroxaban (N=35,376 vs. N=35,376)
Stroke/SE 224 263 0.85 (0.76-0.96)
Ischemic 184 208 0.89(0.78-1.01)
Hemorrhagic 030 042 0.73(0.54-0.99)
Systemic Embolism 011 0.16 0.70(0.42-1.15)
Major Bleeding 887 1354 0.64(0.61-0.68)
Gl Bleeding 5.62 8.69 0.64 (0.59-0.68)
Intracranial Hemorrhage 109 112 0.57(0.82-1.15)
Other sites 221 423 0.51(0.46-0.57)
Dabigatran vs Rivaroxaban (N=12,297 vs. N=12,297)
Stroke/SE 255 245 1.04(0.87-1.25)
Ischemic 215 184 1.17(0.95-1.48)
Hemorrhagic 0.25 043 0.60(0.26-1.01)
Systemic Embolism 0.14 0.19 0.73(0.35-1.49)
Major Bleeding 10.87 13.27 0.84(0.77-0.92)
Gl Bleeding 6.82 861 0.81(0.73-0.90)
Intracranial Hemorrhage 103 117 0.89(0.67-1.17)
Other sites 359 4.06 0.92(0.79-1.07)
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Fig. 3 Propensity Score-Matched Incidence Rates and Hazard Ratios of Stroke/SE and Major Bleeding for NOAC Comparisons Cox pro-
portional hazard models with robust sandwich estimates were used to evaluate the risk of stroke/SE and major bleeding CI: confidence interval;
GI: gastrointestinal; ICH: intracranial hemorrhage; NOAC: non-vitamin K antagonist oral anticoagulant; SE: systemic embolism

benefits of NOACs, cardiologists have expressed a desire
for more data to guide them in making prescribing deci-
sions—namely, more real-world data rather than just clini-
cal trial findings, and more data comparing NOACs to one
another rather than to warfarin only.[39] The current analy-
sis of NOACs vs. warfarin and NOACs vs. NOACs in a
large US cohort of NVAF patients with prior bleeding could
be useful to help inform clinical decision-making in this
challenging patient population.

Limitations

Our findings should be interpreted in the context of a few
limitations. As is the case with all retrospective observa-
tional studies, causal relationships cannot be determined
between the study variables and outcomes of interest. The
datasets analyzed in this study were limited to an extent,
which could affect results: potential residual confounders,
such as over-the-counter aspirin use, serum creatinine/cre-
atinine clearance, and laboratory values, were unavailable,
and their absence could introduce bias. Given that ICD,
CPT, and HCPCS codes were used to identify the diagno-
ses and procedures, some variables in the datasets may lack

clinical accuracy due to human data entry errors. Finally, the
lack of laboratory information (e.g., lack of INR to deter-
mine time in therapeutic range) makes it difficult to assess
the quality of warfarin control. Nevertheless, by including
patients with potentially poor quality of warfarin treat-
ment, this study may reflect real-world clinical practice.
[40] It should also be noted that unobserved heterogeneity
may exist across the 5 datasets used in this analysis. For the
commercial datasets, although some of them include data
from different insurance plans that do not overlap at the plan
level, others are employer-based claims datasets which may
contain duplicate patient records when pooled together. But
the likelihood of duplicate observations is relatively low,
researched to be 0.5%, and is not likely to have a significant
impact on study results.[41] To avoid potential duplications
the commercial datasets with Medicare data, patients with
Medicare supplemental plans in MarketScan and PharMet-
rics data were excluded. For Optum and Humana data, ben-
eficiaries aged> 65 years are not covered in Medicare data
and therefore do not have duplicates.
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Conclusions

To our knowledge, this is the first real-world data analysis of
stroke/SE and MB outcomes of NOACs vs. warfarin and vs.
one another in a U.S. sample of NVAF patients with prior
bleeding. The results indicate that treatment with NOACs
was associated with similar or lower risk of stroke/SE and
MB compared with warfarin and variable risk of stroke/SE
and MB against each other.
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