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Introduction

Real-world studies are now regarded as a vital resource for
evaluating the long-term safety and effectiveness of drugs in
routine clinical practice, including patients who may not be
represented in randomized controlled trials (RCTs).1,2 Clin-

ical evidence stems from a wide variety of sources and it can
prove challenging to understand the clinical impact when
considering the differing study designs, study endpoints and
populations.1 RCTs are regarded as gold standard in terms of
investigating drug efficacy and safety, although they can
sometimes lack external validity and the findings may not
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Abstract Real-world data are a well-recognized component within the drug lifecycle, and such
data are generated from a range of sources and study designs, including claims
databases, electronic health records, non-interventional studies (NIS) and registries.
While this information can be of vital clinical importance, there may be challenges in
understanding the relevance of the differing study designs, endpoints and populations.
Here, we summarize the value of real-world evidence and considerations pertinent to
their use in clinical research. Owing to the variety of analyses being conducted using
real-world data, it is important for researchers and clinicians to have a clear under-
standing of the nature and origin of those data, and to ensure they are valid, reliable
and robust in terms of extrapolatingmeaningful findings. There are crucial questions to
address when evaluating real-world studies, and we introduce a checklist to meet these
objectives. In addition to advice for appraising data quality and study designs, several
updates will be covered from real-world studies of rivaroxaban for stroke prevention in
patients with atrial fibrillation (AF): the nationwide Danish cohort study, U.S. Depart-
ment of Defense Military Health System database, retrospective claim database study
REAFFIRM and a pooled analysis from the global NIS XArelto on preveNtion of sTroke
and non-central nervoUS system systemic embolism in patients with non-valvular atrial
fibrillation (XANTUS). Real-world studies consistently show that rivaroxaban is an
effective treatment option with acceptable safety when used for stroke prevention in a
large number of patients with AF across the globe.
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be generalizable to the general population. Moreover, RCTs
are costly and may have insufficient study duration and
population size to thoroughly assess the impact of a treat-
ment, particularly in the long term. In comparison, real-
world studies show potential for high generalizability. They
are cheaper to perform and may emulate experience in
clinical practice, increasing external validity and, in turn,
complementing clinical findings from RCTs.2

Real-world data are being generated from claims data-
bases, electronic health records (EHRs), non-interventional
studies (NIS) and registries.3 Claims databases and EHRs are
often used to provide insights on under-represented groups
(e.g. thosewith lowor high CHA2DS2-VASC scores, the elderly,
those with specific combinations of comorbidities) in addi-
tion to practical clinical management issues and outcomes,
using large patient cohorts. NIS, such as XArelto on preveN-
tion of sTroke and non-central nervoUS system systemic
embolism in patients with non-valvular atrial fibrillation
(XANTUS),4 have extended the safety and effectiveness of
rivaroxaban that were previously shown in Phase III RCTs to
the general population. This review will provide an update
on some examples of real-world analyses including several
that focus on the direct, oral factor Xa inhibitor rivaroxaban
in atrial fibrillation (AF).Wewill also discuss how to properly
evaluate these data and understand their clinical relevance
and limitations.

How Can We Decipher Real-World Data
Accurately and Effectively?

It is clear that data can be generated from an assortment of
study designs, inclusion/exclusion criteria, patient charac-
teristics, endpoints and statistical analyses, and the results
may tend to vary based on the choice of methods used.1

Generally, it is inappropriate to directly compare Phase III
and real-world data, and indeed, rather than compare the
two designswe should understand that these study types are
complementary to each other. RCTs are more restricted in
their design, with inclusion and exclusion criteria that may
limit the ability to answer clinically relevant questions.
Management approaches and patient characteristics in
RCTs are likely to substantially differ from those receiving
treatment in routine clinical practice. Furthermore, patients
enrolled in RCTs may receive better overall care and may
possibly be exposed to more intense monitoring than those
in real-world practice. Real-world studies are essential to
document benefits and harms of therapy in a wider popula-
tion with a range of comorbidities and conditions.

Whether a study is prospective or retrospective is another
important consideration, as event rates can vary consider-
ably.3 Prospective studies set out to collect data in real time;
retrospective studies, however, analyse data that have
already been collected. Prospective cohort data can answer
many important clinical questions and test many possible
determinants, even factors that may not have been originally
considered. However, prospective studies can be time con-
suming and costly.3 Although retrospective studies are less
costly and take less time to perform than prospective studies

(since data are already available for research), their data are
not designed to be used in a study3 and there may be
challenges correcting for bias and confounding, if important
covariates were not available in the data. Several reporting
biases exist, such as language bias, but the most relevant
reporting biases for the NOACs in real-world analyses are
selective outcome reporting, selective analysis reporting and
selective reporting of a subgroup of participants.

We need to ensure that data are sufficiently valid, reliable
and robust to extrapolatemeaningful clinical findings. There
are several crucial questions that must be considered when
we evaluate the quality of real-world data, which encompass
the hypothesis, data source, study population, treatment
administered, follow-up length, outcomes assessed and
availability of sensitivity analyses data. These questions
have been incorporated into a checklist tool, which may be
useful to help researchers and stakeholders to understand
the relevance of studies, and consider the pros and cons of
their design (►Table 1). Additional checklists have been
developed and established by the Good Research for Com-
parative Effectiveness (GRACE) initiative5 and REporting of
studies Conducted using Observational Routinely-collected
Data (RECORD) collaborative.6 Generally, we suggest that
clinicians should always refer to the PICO (Population, Inter-
vention, Comparator and Outcome) principles and ascertain
whether there is a clear research question.7 The next
section focuses on the growing use of databases in clinical
research.

Non-interventional Studies: A Vital
Component in Real-World Research

According to the European Union Clinical Trials NIS Defini-
tion, NIS are studies in which the medicinal product(s) is
(are) prescribed in the usual manner according to the terms
of the marketing authorization.8 Therefore, assigning the
patient to a particular therapeutic strategy is not decided
in advance by a trial protocol but falls within current
practice. Consequently, the prescription of the medicine is
clearly separated from the decision to include a patient in a
study. Additionally, no further diagnostic or monitoring
procedures should be applied to the patients and epidemio-
logical methods should be used for analysing the collected
data.8 To be of the utmost clinical relevance, data generated
from NIS must be of high quality and there are various
guidelines in place to help with quality assurance mea-
sures—which, when used, should lead to generation of
robust, scientific findings.9 Any possible bias can also be
avoided by using adequate study design and data analysis,
along with ensuring authenticity, completeness and validity
of the data and promptly resolving any concerns. High-
quality NIS are also defined by streamlined planning and
suitable methods for data analysis.9

Phase IV NIS such as XArelto in the prophylaxis of post-
surgical VTE after elective Major Orthopaedic Surgery of hip
or knee (XAMOS),10 XANTUS4 and XArelto for Long-term
and Initial Anticoagulation in venous thromboembolism
(XALIA)11 have been fundamental in providing real-world
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evidence confirming the safety of rivaroxaban in routine
practice settings.

Current Findings and Analyses from NIS of
Rivaroxaban in AF

A Comparison of Real-World versus RCT Outcomes in
Similar Populations from XANTUS and ROCKET AF
Differences in patient characteristics can prove to be a
common barrier to comparing clinical outcomes efficiently
across studies that differ in design. Patients in ROCKETAFand
XANTUS exhibited different baseline stroke risk (the mean
[standard deviation] CHADS2 score in XANTUS was 2.0 [1.3]
vs. 3.5 [0.9] in the rivaroxaban arm of ROCKET AF).12,13

Adjusted incidence rates for outcomes in XANTUS were
compared with those from ROCKET AF in a statistical analy-
sis, using the Matched Adjusted Indirect Comparison (MAIC)
method. Patients with CHADS2 scores of 0 and 1 were
excluded from the XANTUS population to align with the
ROCKET AF population, and the balancing weights were
calculated. The major bleeding rates were 3.10%/year and
3.60%/year for XANTUS and ROCKET AF, respectively (MAIC
rate ratio: 0.86 [95% CI: 0.67–1.12]). Stroke and non-central
nervous system (CNS) SE rates were 1.54%/year and 1.70%/
year, respectively (MAIC rate ratio: 0.91 [95% CI: 0.62–1.32]).
The incidence rates of myocardial infarction and vascular
death (restricted to deaths due to cardiovascular causes or
intracranial/extracranial bleeding) were also similar
between groups, while all-cause death was higher in XAN-
TUS than in ROCKET AF (3.22%/year vs. 1.87%/year, respec-
tively; MAIC rate ratio: 1.72 [95% CI: 1.31–2.27]). The higher
rate of all-cause mortality in XANTUS is probably related to
the inclusion of patients with serious comorbidities such as
cancer who are routinely excluded from RCTs, and the
routine nature of the medical care available to XANTUS
patients compared with the more intense care patterns
within a RCT. A sensitivity analysis (adjusted for different
baseline characteristics) also supported the results from the
primary analysis. Comparing the outcomes of the appropri-
ately adjusted populations from each study supports the
validity of the ROCKET AF trial in a high-risk population, and
emphasizes robust data collection from the XANTUS real-
world study. Although XANTUS and ROCKET AF were ana-
lysed using a thorough statistical methodology, it is impor-
tant to underline that the results are based on a model and
associated limitations apply.12

Pooled Analysis of the XANTUS Studies: Exploring the
Global Safety Profile of Rivaroxaban in AF
The XANTUS pooled analysis included unselected patients
with AF newly starting rivaroxaban (prescribed in accor-
dancewith country label) for stroke prevention and included
three prospective, observational studies in the program:
XANTUS;4 Xarelto for Prevention of Stroke in Patients
With Atrial Fibrillation in Latin-America and EMEA Region
(XANTUS EL)14 and Xarelto for Prevention of Stroke in
Patients With Atrial Fibrillation in Asia (XANAP).15 Patients
were followed up for 1 year, at approximately 3-month

intervals, or for �30 days after permanent discontinuation
(if <1 year). Primary outcomes were treatment-emergent
adverse events (AEs) or serious AEs (SAEs), including major
bleeding, all-cause mortality and any other AEs/SAEs. Sec-
ondary outcomes included symptomatic thromboembolic
events, non-major bleeding and treatment persistence.
Treatment-emergent major outcomes were adjudicated by
one Central Adjudication Committee to minimize reporting
bias.16

In total, 16,187 patients were screened between
June 2012 and December 2014, of whom 11,121 patients
were included in the analysis. Patients from 47 countries
were grouped as follows: Western Europe/Canada/Israel
(47.5%), Eastern Europe (23.2%), East Asia (20.1%), theMiddle
East/Africa (6.2%) and Latin America (3.0%).16

In total, 8,540 (76.8%) patients received rivaroxaban and
were followed up for at least the full 12-month study
period; treatment was prematurely ended in 2,566
(23.1%) patients, of whom 724 (6.5%) discontinued rivarox-
aban due to AEs. More than 96% of the pooled XANTUS
population did not experience any treatment-emergent
major bleeding, stroke/non-CNS SE or all-cause death. There
were 190 treatment-emergent major bleeding events in 172
patients (1.7 events/100 patient-years; 95% CI: 1.5–2.0). The
incidence rates of fatal bleeding, critical organ bleeding and
intracranial haemorrhage (ICH) were 0.2 events/100
patient-years (95% CI: 0.1–0.3), 0.6 events/100 patient-years
(95% CI: 0.5–0.8) and 0.4 events/100 patient-years (95% CI:
0.3–0.6), respectively. Major gastrointestinal (GI) bleeding
(the most common bleeding site) occurred in 71 patients
(0.7 events/100 patient-years; 95% CI: 0.6–0.9). Sympto-
matic thromboembolic events occurred at a rate of 1.8
events/100 patient-years (95% CI: 1.6–2.1), and the incidence
of ischaemic and haemorrhagic stroke was similarly low.
All-cause mortality occurred in 187 (1.7%) patients (1.9
events/100 patient-years; 95% CI: 1.6–2.2). The rate of treat-
ment persistence at 1 year (defined as day 360) was 77.4%.16

XANTUS pooled results showed that outcomes with riv-
aroxaban were consistent across different regions and
patient populations worldwide, based on each of the indivi-
dual XANTUS studies. Results were also consistent with
those of the Phase III ROCKET AF study.13,16

The Growing Use of Claims Databases to
Inform Clinical Practice

Claims data are collected by payers to track and assure
reimbursement for healthcare services provided.17 The
data may be longitudinal or cross-sectional and are always
retrospective in nature. National databases that contain a
wide-ranging assortment of patient information are avail-
able across many countries and regions, such as the Market-
Scan Commercial Claims and Encounter and Medicare in the
United States; IMS LifeLink Disease Analyzer in France and
Germany; the Clinical Practice Research Datalink in the
United Kingdom andDanish and Swedish national databases.
Details of these and other databases are summarized in
►Table 2.
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Recorded data come from a variety of sources, including
EHRs, death certificates, prescriptions and insurance claims.
Some claims databases are single payer, such as Medicare,18

the U.S. Department of Defense (DoD) Military Health Sys-
tem (MHS)19 and national healthcare databases, such as the
Danish Nationwide Database.20–22 Other claims data are
drawn from multiple different payers and are assembled
by specific health analytic companies, such as Truven Mar-
ketScan23 and Optum Insight.24 The Danish Nationwide
Database encompasses several different databases (e.g. med-
icine claims from one database and medical records from
another).20–22 A distinguishing factor of the Danish data-
bases is that every person in the country is given a number at
birth that follows them throughout life to include prescrip-
tions, medical procedures and other vital health-related
information. The U.S. DoD MHS database is similar to this
in that it permits longitudinal follow-up data for many years.
These databases may be suitable sources of data for diseases
and conditions that require several years’ observation time,
such as recurrent venous thromboembolism (VTE). However,
most commercial U.S. databases do not have such a long
follow-up period. Moreover, for those that are linked to
insurance claims, the data may not be as cohesive because
as people move jobs, datasets may contain only 2 to 3 years’
worth of information per insurance company. It could be
assumed that there may be lower risk of loss to follow-up
with lifetime databases compared with those that link to
insurance claims.

Databases predominantly include data needed to facilitate
reimbursement of healthcare services, such as basic demo-
graphics, types and number of healthcare encounters, diag-
nostic codes (International Classification of Diseases [ICD]-9
or 10) and other billing codes associated with each health-
care encounter and prescription drug fill records.25,26 Each
healthcare encounter is usually associated with multiple
codes.27 The first or primary diagnosis code listed is gen-
erally assumed to depict the main reason for the encounter.
However, there are cases where this may not be true. A good
example relating to anticoagulation is pulmonary embolism.
The primary diagnosis code may be listed as mechanical
ventilation or thrombolysis/thrombectomy, as these may be
associated with better reimbursement. Secondary or non-
primary codes are used to demonstrate patient complexity/
acuity (and possible justification for higher reimbursement)
by designating comorbidities. Based on review of medical
records for an encounter, diagnostic codes are often chosen
by a clerical coder/biller or they may be initially reviewed by
a healthcare professional, and subsequently reviewed by a
clerical secretary upon discharge (in the case of the Nordic
registries).

Diagnostic coding (the presence of a code, its position
and the type of encounter it is associated with) and pre-
scription fill records are used to determine if patients have
the disease state of interest (e.g. ICD-9 of 427.31/ICD-10 of
148 suggests AF), whether comorbidities of interest are
present (e.g. CHA2DS2-VASc or HAS-BLED scores to clinically
predict the risk of stroke or bleeding, respectively, in
patients with AF) within some historical time frame (often

6–12 months prior to oral anticoagulant [OAC] initiation or
an index event), the occurrence of an outcome of interest
(ischaemic stroke or major bleeding, e.g. intracranial or GI
bleeding occurred); the drug therapies and doses that have
been used are known (anticoagulants, antiplatelet agents
[excluding over-the-counter medications such as acetylsa-
licylic acid (ASA)]); persistence to index therapies (non-
vitamin K antagonist [VKA] oral anticoagulant [NOAC] and
VKAs) and ‘on-treatment’ status are established.26,28 The
next section will explore several recent country-specific
databases that have investigated the safety and effective-
ness of NOACs including rivaroxaban in real-world manage-
ment of AF.

TheValueandLimitationsofDatabaseAnalyses

Database analyses provide insights on practical clinical
management issues and patient outcomes from large
cohorts.3 Results from a 2015 online survey of 1,003 UK-
based general practitioners showed that 30% of respondents
felt that real-world data helped them identify how best to fit
a treatment into their current practice, while 27% said it
helped validate Phase III trial data and 25% said it indicated
how medicines are being used by their peers in clinical
practice.29

Despite the utility of database analyses, there are several
limitations. Differential misclassification bias is caused by
the inaccurate or insufficient classification of patients, and
can be caused by errors in diagnostic coding by the medical
coder (or, in fact, the coder may not be medically trained);
‘tactical’ coding (upcoding) or poor coding detail (e.g. there
is a diagnosis code for heart failure (HF), but ejection
fraction and New York Heart Association classification
cannot be determined).26,30 For this reason, use of classifi-
cation methods could be considered to increase validity,
such as the U.S. Food and Drugs Administration (FDA) Mini-
Sentinel coding system31 and the Cunningham algorithm
for major bleeding.32 Confounding bias is the inherent
imbalance between characteristics associated with the out-
come and exposure.33 Importantly, confounding can only be
taken into account if the data source provides information
on relevant covariates, while other sources of confounding
from unobserved or unsuspected covariates may remain.
Also, the methods used to adjust or balance patients on
appropriate characteristics may not be ideal, such as regres-
sion and/or propensity scoring (owing to adjustment, inverse
weighting, ‘greedy matching’ or high-dimensional match-
ing).33 Therefore, characteristics adjusted/matched upon
should take into account not only the disease state but also
the endpoints of interest (e.g. matching on CHA2DS2-VASc and
HAS-BLED criteria may be sufficient for stroke or major
bleeding in NVAF, but this may not be the case for all-cause
mortality). Furthermore, residual confounding will always
exist in the absence of randomization.33

In addition, it is worth remembering that these data
were not originally intended for research purposes and may
be missing vital information such as laboratory or diagnos-
tic test results (e.g. creatinine clearance, serum creatinine
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or computed tomography results); vital signs or other
clinical characteristics (heart rate, body weight); out-of-
hospital mortality data (while included in government
databases, access is often restricted and is not reliably
reported); qualitative data (quality of life, patient satisfac-
tion, explanations for treatment decisions); listing of med-
ical history or comorbidities.25,26 Additionally, the
information included may not fully represent prescribing
habits, that is, the reasons for choosing one type of therapy
over another. This may be especially pertinent for NOACs, as
the agents were licensed for stroke prevention in AF at
different times. This in turn may present an important
channeling bias (patients may have been more likely to
switch from VKA to dabigatran, then to rivaroxaban and
apixaban) in patients who have a history of anticoagulation
therapy. Despite these potential limitations, healthcare
claims and EHR databases are regularly used to uncover
key information on NOAC use in daily practice. Recent
results from several noteworthy analyses focused on rivar-
oxaban across the United States and Europe will be covered
in the next section.

Rivaroxaban in AF: Real-World Findings
from National Datasets

Effectiveness and Safety of Reduced Dose NOACs and
Warfarin in Patients with NVAF: A Propensity-
Weighted Nationwide Cohort Study from Denmark
A large propensity-weighted study of more than 60,000
patients included in a Danish observational nationwide
cohort showed that apixaban, dabigatran and rivaroxaban
could be used effectively as alternatives to warfarin in a
clinical care setting.34 NOACs were comparable to warfarin
with regards to the overall incidence of ischaemic stroke,
although certain differences were noted. Rivaroxaban was
associated with a lower risk of ischaemic stroke or systemic
embolism (combined endpoint) thanwarfarin (no significant
differences were noted for dabigatran and apixaban). A
significantly lower risk of death, any bleeding and major
bleeding were noted with apixaban and dabigatran, com-
pared with rivaroxaban or warfarin, of which both had
similar bleeding risk profiles.34

The use of lowerNOACdoses is common in routine clinical
practice, and may occur for a variety of reasons such as renal
insufficiency or use of concomitantmedications. In a studyof
almost 15,000 patients with AF using a large U.S. adminis-
trative database, Yao et al provided evidence of inappropriate
dose reductions in the absence of renal indications, and
conversely, failure to reduce the dose when there was a clear
need to do so.35 Moreover, apixaban dose reduction in
patients with no severe renal impairment was related to
reduced effectiveness for stroke prevention without any
safety benefit.35

NOAC overdosing and underdosing may compromise
drugs’ safety without improving their effectiveness and
further evidence around the impact of alternative dosing
on outcomes is lacking. A subsequent Danish nationwide
observational study published findings on the safety and

effectiveness of reduced-dose NOACs compared with war-
farin in patients with NVAF.36 The clinical effectiveness and
safety of apixaban 2.5 mg twice daily (bid), dabigatran
110 mg bid and rivaroxaban 15 mg once daily (od) were
each compared with warfarin in patients with NVAF who
had not previously taken OACs (initial OAC prescription was
between August 2011 and February 2016). A propensity
score was calculated for the four treatment alternatives.
Based on the propensity of receiving either treatment, an
inverse probability treatment weighting approach was
applied to account for any baseline differences in the study
population. Patients were followed up from treatment
onset. The primary effectiveness outcomes were ischaemic
stroke and systemic embolism (SE); the primary safety
outcomes were any bleeding events.

There were 55,644 patients with NVAF (mean age:
73.9 years) who met the inclusion criteria—of these,
69.9% received warfarin (n ¼ 38,893), 7.9% received apix-
aban (n ¼ 4,400), 15.9% received dabigatran (n ¼ 8,875)
and 6.3% received rivaroxaban (n ¼ 3,476).36 The highest
prevalence of renal disease was shown in the apixaban
and rivaroxaban groups (9.5 and 9.1%, respectively), com-
pared with 3.9 and 8.3% in the dabigatran and warfarin
groups, respectively. Patients receiving apixaban had more
comorbidities and a higher mean CHA2DS2-VASc score
than patients in other treatment groups (4.3 vs. 3.8, 3.6
and 3.0 for dabigatran, rivaroxaban and warfarin, respec-
tively). A total of 1,779 patients experienced ischaemic
stroke or SE events during the first year of follow-up. The
weighted event rates of ischaemic stroke/SE for apixaban,
dabigatran, rivaroxaban and warfarin were 4.8, 3.3, 3.5
and 3.7%, respectively. For the NOAC versus warfarin
comparison, the effectiveness outcomes hazard ratios
(HRs) from the inverse probability of treatment-weighted
analysis were 1.19 for apixaban (95% confidence interval
[CI]: 0.95–1.49), 0.89 for dabigatran (95% CI: 0.77–1.03)
and 0.89 for rivaroxaban (95% CI: 0.69–1.16). The inci-
dence of any bleeding events for NOACs versus warfarin
was 0.96 for apixaban (95% CI: 0.73–1.27), 0.80 for dabi-
gatran (95% CI: 0.70–0.92) and 1.06 for rivaroxaban (95%
CI: 0.87–1.29).36

The cohort stratified by indication for potential dose
reduction (age �80 and/or renal disease: n ¼ 21,949)
exhibited worse outcomes than those in the main analysis.
Apixaban 2.5 mg bid was associated with higher rates of
ischaemic stroke/SE compared with warfarin, while rivar-
oxaban 15 mg od and dabigatran 110 mg bid showed a
trend toward lower thromboembolic rates—but neither
comparison was statistically significant. The incidence of
any bleeding events was significantly lower for dabigatran
versus warfarin, but not for apixaban or rivaroxaban
versus warfarin. While the data provide valuable evidence
on the use of reduced-dose NOACs in clinical practice,
unmeasured residual confounding and selective prescrib-
ing behaviour may have been limiting factors, and mis-
classification and miscoding of diagnoses and outcomes
may have been possible. The authors recommended future
studies on effectiveness and safety with respect to label
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adherence, particularly for those patients with renal
impairment.36

Effectiveness and Safety of NOACs versus Warfarin in
Patients with NVAF and Previous Stroke or Transient
Ischaemic Attack: The REAFFIRM Study
NVAF patients experiencing a prior ischaemic stroke or
transient ischaemic attack (TIA) are at increased risk of
recurrent stroke and bleeding. REAFFIRM evaluated the
real-world effectiveness and safety of apixaban, dabigatran
and rivaroxaban versus warfarin in NVAF patients with a
prior history of ischaemic stroke or TIA, using U.S. Truven
MarketScan claims from January 2012 to June 2015.37 Inclu-
sion criteria included �2 ICD-9 diagnosis codes for AF (with-
out codes suggesting valvular disease); age �18 years; a
history of prior ischaemic stroke or TIA; recent initiation of
apixaban, dabigatran, rivaroxaban or warfarin and �180
continuous days of prior medical/prescription coverage
(baseline period). Excluded patients were those with a
transient cause of NVAF, VTE, hip or knee arthroplasty,
malignant cancer, pregnancy or those prescribed greater
than 1 OAC. Each eligible apixaban, dabigatran and rivarox-
aban user was 1:1 propensity score-matched (caliper of 1%)
to a warfarin user. Residual differences between matched
cohorts were assessed via standardized differences (<10%
was considered well balanced).37

The numbers of patients in each of the three independent
matched cohorts were as follows: apixaban versus warfarin:
n ¼ 2,514; dabigatran versus warfarin: n ¼ 1,962; rivarox-
aban versus warfarin: n ¼ 5,208 (mean durations [ � stan-
dard deviation] of follow-up: 0.5 [ � 0.5], 0.6 [ � 0.6] and
0.6 [ � 0.6] years, respectively). A total of 20.8, 17.7 and
26.2% of patients received reduced doses of apixaban (<5 mg
bid), dabigatran (<150 mg bid) and rivaroxaban (<20 mg
od), respectively. Results from these independent statistical
analyses of each NOAC versus warfarin were relatively con-
sistent with their respective Phase III trials and prior stroke/
TIA subgroup analyses. Using Cox regression, neither apix-
aban nor dabigatran reduced the combined primary end-
point of ischaemic stroke or intracranial haemorrhage (ICH;
HR: 0.70; 95% CI: 0.33–1.48 and HR: 0.53; 95% CI: 0.26–1.07,
respectively) and had a nonsignificant effect on hazards of
major bleeding (HR: 0.79; 95% CI: 0.38–1.64 and HR: 0.58;
95% CI: 0.26–1.27, respectively) versus warfarin. Rivaroxa-
ban reduced the combined endpoint of ischaemic stroke or
ICH (HR: 0.45; 95% CI: 0.29–0.72) without an effect on major
bleeding (HR: 1.07; 95% CI: 0.71–1.61). ICH occurred at rates
of 0.16 to 0.61 events per 100 person-years in the three NOAC
analyses, with no significant difference for any NOAC versus
warfarin.37

Limitations of the analysis includedmisclassification bias,
underpowered analyses and residual confounding, along
with short follow-up, insufficient reporting of clinical/
laboratory data and confirmation of whether patients were
still taking the OAC. These results should be reassuring to
clinicians prescribing a NOAC to patients with a prior
ischaemic stroke or TIA. However, the authors discourage
any type of cross-comparison between oral anticoagulation

analyses due to the distinct populations in each of the three
cohorts.37

U.S. DoD MHS Post-Marketing Safety Surveillance
Study
The protocol for the U.S. DoD MHS Post-Marketing Safety
Surveillance study (PMSS) was designed by Janssen in colla-
borationwith the U.S. FDA and is evaluating the safety profile
of rivaroxaban in a large number of patients with NVAF.19

Data are from the U.S. DoD MHS, which, compared with
other U.S. claims databases, can follow upmilitary personnel
and their relatives formany years. Initial data published from
27,467 patients with NVAF who were treated with rivarox-
aban showed that the real-world rate of major bleeding with
rivaroxaban—assessed using the validated Cunningham
algorithm—was 2.86 per 100 person-years (496major bleed-
ing events in 478 patients: 95% CI: 2.61–3.13).19 Of the
patients with major bleeding, 63.2% had been treated with
rivaroxaban 20 mg od (vs. 32.2 and 4.6% who received
rivaroxaban 15 and 10 mg od, respectively). Compared
with the non-major bleeding group, patients with major
bleeding were older (mean age: 78.4 vs. 75.7 years), and had
a higher prevalence of comorbidities, including coronary
artery disease (64.2 vs. 36.7%), HF (48.5 vs. 23.7%) and
hypertension (95.6 vs. 75.8%). Most bleeding events were
GI (88.5%), followed by intracranial (7.5%). Fatal bleeding
outcomeswere low: 0.08 per 100 person-years (95% CI: 0.05–
0.14).19

Subsequent data from 44,793 patients in the U.S. DoD
MHS PMSS showed a strong relationship between CHA2DS2-
VASc scores and the risk of major bleeding in rivaroxaban-
treated patientswith NVAF.38 Among known high-risk popu-
lations, the highest rate of major bleeding by CHA2DS2-VASc
component was 5.69 (95% CI: 5.18–6.24) per 100 person-
years for patients with vascular disease. The greatest inci-
dence of ICH was noted in those with previous stroke, TIA or
VTE, who were at greater risk of mortality. Limitations
included capture of drug-dispensing information only; a
temporal association being established between rivaroxaban
and a bleeding event, rather than a causal association;
possible inaccurate reporting of major bleeding events
(potentially due to false positives or under-reporting owing
to database limitations) and lackof International Normalized
Ratio (INR) data,which prevented precise calculation of HAS-
BLED scores.38

Diabetesmellitus (DM) is amajor risk factor for stroke and
increases the incidence of AF. An additional analysis of
44,793 patients revealed that patients with DM had more
comorbidities and a higher incidence of major bleeding than
those without DM.39 A total of 12,039 (26.9%) had DM, and
were more likely to be male, younger, and with more
comorbidities and higher CHA2DS2-VASc scores. Major
bleeding incidence in the DM versus the non-DM group
was 3.68 (95% CI: 3.37–4.03) versus 2.51 (95% CI: 2.34–
2.69), respectively per 100 person-years (ROCKET AF inci-
dence of major bleeding: 3.79 in the DM group vs. 3.47 per
100 person-years in the non-DM group). Intracranial bleed-
ing incidence in the DM versus the non-DM group was 0.19
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(95% CI: 0.13–0.28) and 0.25 (95% CI: 0.20–0.31) per 100
person-years, respectively. Fatal outcomeswere rare for both
cohorts (0.09 per 100 person-years). The limitations of this
study are the same as the others described earlier. It is also
worth noting that the definition of DM was based on
diagnosis codes, not on laboratory values. This means that
important clinical indicators, such as glycated haemoglobin
levels and their relation tomajor bleeding, were not included
in the analysis. Similarly, the role of glycaemic management
and its potential effect on major bleeding remains unknown
within this population.39

Real-World Comparative Effectiveness of
Oral Anticoagulants: Focus on Bleeding Risk

Bleeding is a key consideration when prescribing any antic-
oagulant. In the past, higher GI bleeding risks have been
reported with NOACs over warfarin.40,41 One notable large
retrospective analysis of medical and pharmacy administra-
tive claims from a diverse U.S. database (Optum Labs Data
Warehouse) of more than 100 million enrolees published
data on the real-world risk of GI bleeding with dabigatran,
rivaroxaban and warfarin in AF.42 A total of 92,816 patients
were taking anticoagulants during the study period (1
November 2010 and 30 September 2013; dabigatran: 9.2%
[n ¼ 8,578], rivaroxaban: 17.5% [n ¼ 16,253] and warfarin:
73.2% [n ¼ 67,985]).42 In AF patients, the incidence of GI
bleeding per 100 patient-years with dabigatran versus war-
farin was 2.29 (95% CI: 1.88–2.79) and 2.87 (95% CI: 2.41–
3.41), respectively. For rivaroxaban versus warfarin in AF
patients, the incidence of GI bleeding per 100 patient-years
was 2.84 (95% CI: 2.30–3.52) and 3.06 (95% CI: 2.49–3.77),
respectively. In non-AF patients, the incidence of GI bleeding
per 100 patient-years for dabigatran versus warfarin was
4.10 (95% CI: 2.47–6.80) and 3.71 (95% CI: 2.16–6.40),
respectively; and for rivaroxaban versus warfarin it was
1.66 (95% CI: 1.23–2.24) and 1.57 (95% CI: 1.25–1.99),
respectively. In propensity score-matched models, the risk
of GI bleeding with NOACs versus warfarin was similar in
both AF patients (dabigatran vs. warfarin, HR: 0.79 [95% CI:
0.61–1.03]; rivaroxaban vs. warfarin, HR: 0.93 [95% CI: 0.69–
1.25]) and non-AF patients (dabigatran vs. warfarin, HR: 1.14
[95% CI: 0.54–2.39]; rivaroxaban vs. warfarin, HR: 0.89 [95%
CI: 0.60–1.32]). However, by the age of 76 years, the risk of GI
bleeding was higher than with warfarin in AF patients on
dabigatran (HR: 2.49 [95% CI: 1.61–3.83]) and in patients
with and without AF on rivaroxaban (2.91 [95% CI: 1.65–
4.81] and 4.58 [95% CI: 2.40–8.72], respectively). The authors
therefore exercised caution when prescribing NOACs to
elderly patients, particularly those older than 75 years.42

The data generally support the safety of NOACs in the context
of GI bleeding risk and emphasize the importance of match-
ing and adjusting for the correct variables. This is especially
pertinent as GI bleeding can be influenced by non-CV factors
such as nonsteroidal anti-inflammatory drug and ASA use,
and pre-existing GI disease.43

A recent analysis using the VA pharmacy database (803
patients on NOACs and 6,263 on warfarin) showed that the

incidence of clinically significant GI bleeding in hospitalized
patients was approximately four times higher in those
receiving warfarin than those receiving NOACs.44 Further
complexity when interpreting data stems from the fact that
differential outcomes have been noted across several data-
base studies investigating NOACs compared with warfarin,
favouring one NOAC over another in relation to effectiveness
and/or safety.45–48 This may be a reflection of the hetero-
geneity of patient characteristics noted in clinical practice
and in each respective database, the intrinsic properties of
the NOACs and/or the doses used, aswell as themethodology
used.

Meta-analyses are a valuable form of comparative effec-
tiveness research because they emphasize the magnitude of
intervention effects rather than relying on tests of statistical
significance among primary studies.49 The contribution
made to the totality of the evidence in systematic reviews
by studies with non-significant results is as important as
those with statistically significant results. Many meta-ana-
lyses have investigated NOACs in AF patients and while
studies of this kind are valuable, the approach must be
robust to minimize bias and provide a strong basis on which
to draw conclusions.50 Meta-analyses have also produced
conflicting findings in relation to bleeding risk when eval-
uating NOACs compared with VKAs. One meta-analysis of
32 RCTs and observational studies in AF patients showed
more favorable outcomes for apixaban, dabigatran and
edoxaban in relation to major bleeding and ICH versus
VKAs, which was not seen with rivaroxaban.51 Another
meta-analysis of 28 observational nationwide or health
insurance databases reporting matched or adjusted results
comparing apixaban, dabigatran or rivaroxaban with VKAs
in AF patients concluded that while all NOACs reduced ICH,
apixaban was associated with the fewest GI and major
bleeding events versus VKAs.52 A large systematic review
and meta-analysis of 43 RCTs (N ¼ 166,289 patients) con-
cluded that the risk of major GI bleeding between NOACs
and conventional anticoagulation was generally similar,
although findings suggested that dabigatran and rivaroxa-
ban may be associated with increased odds of major GI
bleeding. The authors concluded that further high-quality
studies are needed to characterize GI bleeding risk among
NOACs.53

While many studies have been undertaken to compare
NOACs with warfarin in the setting of AF, direct comparisons
betweenNOACs are less common. One analysis compared the
risks of thromboembolic stroke, ICH, major extracranial
bleeding (including major GI bleeding) and mortality in
patients with NVAF who initiated dabigatran (150 mg bid)
or rivaroxaban (20 mg od) for stroke prevention.54 Patients
were enrolled in fee-for-service Medicare and hence were
restricted to 65 years or older. Differences in baseline char-
acteristics were adjusted using stabilized inverse probability
of treatment weights based on propensity scores. Of 52,240
dabigatran-treated and 66,651 rivaroxaban-treated patients,
rivaroxaban was found to be associated with significantly
increased ICH (HR: 1.65; 95% CI: 1.20–2.26; p ¼ 0.002;
adjusted incidence rate differences [AIRD]: 2.3 excess
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cases/1,000 person-years) and major extracranial bleeding
(HR: 1.48; 95% CI: 1.32–1.67; p < 0.001; AIRD: 13.0 excess
cases/1,000 person-years), including major GI bleeding (HR:
1.40; 95% CI: 1.23–1.59; p < 0.001; AIRD: 9.4 excess cases/
1,000 person-years), compared with dabigatran. There was a
reduced riskof thromboembolic strokewith rivaroxaban, but
this finding was not significant when data were adjusted for
underlying cardiovascular disease. There was no significant
difference in the risk of mortality between rivaroxaban and
dabigatran.54 The authors acknowledge that the observa-
tional nature of the study may be subject to residual con-
founding, as well as the restrictions of the claims database
used (patients�65 years). Earlier findings from Graham et al
using Medicare source data showed that dabigatran was
associated with an increased risk of major GI bleeding
compared with warfarin—an analysis that has been postu-
lated to be in line with the RE-LY trial data.55 The magnitude
of the effects with dabigatran versus rivaroxaban or warfarin
in observational studies may not easily compare with regis-
trational RCTs due to different patient populations and
patient monitoring during follow-up. Thus, small differences
in observed treatment effects must be cautiously inter-
preted, along with the likelihood of whether such small
differences could have any clinical relevance in routine
practice.

We must also not forget the possibility that the bleed-
ing events observed in real-world analyses such as these
could simply be attributed to the drugs themselves. In
addition, outcomes may be impacted by the conditions in
which NOACs are administered, for example the dosing
and frequency. There are myriad factors that may influ-
ence clinical outcomes observed with NOACs in routine
practice, such as patient characteristics, methodology and
bleeding definitions. Owing to the discrepancies in find-
ings, therapy may need to be individualized based on
patient need.

Summary

All studies contribute vital pieces of information to the
totality of evidence toward understanding the true clinical
value of a given therapy. One study should not be replaced
with another and there is not a ‘one-size-fits-all’ approach
to answering research questions. Nevertheless, data pub-
lished from a large number of real-world studies per-
formed in various countries and settings have and
continue to produce findings that support the effectiveness
and safety of NOACs in patients with AF. It is worth noting
that inconsistencies across methods used in these studies
can substantially impact the findings. Not all questions can
be adequately addressed within all types of real-world
studies. It is important to consider the therapies being
compared, the conclusions being extrapolated and how
analyses differ alongside registrational RCTs. It is clear
that NOACs do proffer advantages over traditional standard
of care—it is the magnitude of these effects that needs to be
considered in more detail with appropriately designed
studies.

What is known about this topic?
Real-world data have become a cornerstone in the eva-
luation of therapies, and they complement randomized
controlled trials in terms of the knowledge gaps they can
address. Real-world evidence can be generated from a
variety of sources, such as claims databases, electronic
health records, non-interventional studies (NIS) and
registries. There are myriad considerations for research-
ers and clinicians to ensure data are robust and relevant.
Real-world data have played a prominent role in sup-
porting the effectiveness and safety the non-vitamin K
antagonist oral anticoagulant rivaroxaban in daily
practice.

What does this paper add?
This review underlines the value of undertaking real-
world studies, and the key questions onemust consider to
ensure the data are clinicallymeaningful.We also present
crucial questions to address when evaluating real-world
studies, which are presented in the form of a checklist.
Recent updates from a variety of real-world studies
investigating rivaroxaban for stroke prevention in
patients with atrial fibrillation are covered, including the
nationwide Danish cohort study; US Department of
Defense Military Health System database; retrospective
claim database study REAFFIRM; and a pooled analysis
from the global NIS XArelto on preveNtion of sTroke and
non-central nervoUS system systemic embolism in
patients with non-valvular atrial fibrillation (XANTUS).
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