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Abstract Background Recent reports suggest an important contribution from frequent off-
label use of apixaban 2.5 mg twice daily to the higher rates of thromboembolic events
observed in observational studies (OSs) relative to in randomized controlled trials
(RCTs), and consequently, advocate against such use in all patients.
Objectives To examine factors contributing to the higher thromboembolic event
rates, we estimated the prevalence of off-label use in contemporary practice, and
compared patient characteristics and rates of stroke/systemic embolism, major
bleeding, and mortality by apixaban dose and by study design in a systematic review
and meta-analysis.
Results and Discussion We identified 18 OSs and 2 RCTs that included 155,228 and
11,928 patients, respectively. Patients in OSs more often received apixaban 2.5 mg
twice daily (31.3% vs. 5.1%), were older (mean age 73.8 vs. 69.8 years), and had higher
CHA2DS2-VASc scores (mean 3.6 vs. 2.9) versus those in RCTs.We observed a consistent
pattern of higher rates of thromboembolic events, bleeding, and mortality in patients
treated with 2.5 versus 5 mg twice daily apixaban in both OSs and RCTs.
Conclusion The higher risk profiles of patients in OSs versus RCTs, and higher rates of
both bleeding and mortality not attributable to thromboembolism in patients treated
with apixaban 2.5 versus 5 mg twice daily suggest that differences in patient character-
istics are additional important contributors to the higher than expected thromboem-
bolic event rates in clinical practice.
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Introduction

Apixaban, a direct acting oral anticoagulant, has been
evaluated for stroke prevention in atrial fibrillation (AF)
in two phase III trials: AVERROES (apixaban vs. aspirin) and
ARISTOTLE (apixaban vs. warfarin). In both trials, apixaban
was dosed according to an explicit dosing strategy, which
was informed by results of pre-phase III studies. The
standard dose of 5mg twice daily was given to most
patients and a reduced dose of 2.5mg twice daily to those
who met at least two of three clinical characteristics (age
� 80 years, body weight � 60 kg, and creatinine level
� 133 µmol/L), known as the ABC criteria which are inde-
pendently associated with increased apixaban levels. In
AVERROES, apixaban proved to be more effective than
aspirin in preventing the composite of stroke and systemic
embolism events (S/SEE) and did not result in more major
bleeding, whereas in ARISTOTLE, it was shown to be both
more effective and safer than warfarin.1,2

Now, several years after the approval of apixaban by
regulatory authorities, several large health databases and
registries report rates of thromboembolic events and bleeding
with apixaban that are higher than those observed in the
earlier phase III randomized controlled trials (RCTs),1–21 par-
ticularly in those treated with the 2.5-mg dose.6,7,11,16,18,21

These observations are in keeping with the generally accepted
view that, because of different criteria used for patient selec-
tion, rates of adverse events arehigher inobservational studies
than in RCTs.22

On the other hand, recent data provide another potential-
ly treatable cause for the higher rates of thromboembolic
events in patients prescribed apixaban in clinical practice.
Thus, several observational studies have reported that the
2.5-mg dose of apixaban is used much more frequently in
clinical practice than in RCTs,1,2,7,9,10,12,13,15,16,19,20 that
approximately 50% of patients who receive this dose do
not meet two or more of the ABC criteria (i.e., off-label
use),23–31 and that such use is associated with an increased
risk of thromboembolic events.23,29,32–34 On these grounds,
several authors and guidance documents advocate against
the off-label use of the 2.5-mg dose in all patients.23,29,32–36

Based on the above considerations, we sought to deter-
mine the factors contributing to the higher thromboembolic
event rates. To achieve this aim, we estimated the prevalence
of off-label use in contemporary practice, and compared
baseline characteristics and rates of thromboembolic events,
bleeding, and death in patients with AF by dose of apixaban
(2.5 vs. 5mg twice daily) and by study design (observational
studies vs. RCTs).

Methods

We performed a systematic search for RCTs and observational
studies reporting on clinical outcomes in AF patients taking
apixaban for the prevention of ischemic stroke using the Ovid
MEDLINE and the PubMed Central databases from the incep-
tion of these databases up to and including October 2019. The
search strategy included the following keywords: “apixaban”

AND “atrial fibrillation”AND “thromboembolism” OR “embo-
lism” OR “stroke” OR “haemorrhage” OR “hemorrhage” OR
“bleeding” OR “mortality” OR “death.” English publications
that reported onabsolute annualized rates of thromboembolic
events, bleeding, and/or death in patients with AF taking
apixaban were eligible for inclusion. The search was supple-
mented by screening the reference lists of recent systematic
reviews on similar topics identified from the initial search.We
excluded studies enrolling less than 1,000 patients to mini-
mize small-study effect. After deduplication, all hits were
screened for eligibility in duplication. In the instance of
disagreement, the final decision was determined by a third
reviewer.

Assessing the quality of evidence of meta-analyses of
observational studies reporting on event rates is less well
established than for those of RCTs reporting on the treatment
effect of interventions.37 Through iterative discussion, we
developed an instrument to categorize studies according to
their risk of bias and adopted the Grading of Recommenda-
tions Assessment, Development and Evaluation system.38

Accordingly, we rated the quality of evidence for each clinical
outcome (►Supplementary Material S1, available in the
online version). All quality assessments were performed by
two reviewers and any disagreement resolved by consensus
with a third.

Articles reporting on the same database were included but
we avoided double counting by using data of interest from the
more comprehensive publication (►Supplementary Material

S1: ►Tables 1 and 2, and ►Supplementary Material S2 and
S3, available in the online version). For each study, we
extracted data for baseline characteristics (e.g., age and
CHA2DS2-VASc score), dosing practice (i.e., the proportion
of patients receiving the 2.5- or 5-mg dose), and clinical
adverse outcomes (i.e., S/SEE, ischemic stroke, major bleed-
ing, intracranial hemorrhage [ICH], and all-cause death). All
extractions were performed by the primary author, and any
errors corrected by a secondary author by reviewing the
original publications. We presented the data for baseline
characteristics and dosing practice as weighted pooled esti-
mates for means (according to study size) and standard
deviations (SDs),39 or as proportions.40–42 In the instance
that means were not reported in the original study, we used
the reported medians and (interquartile) ranges to estimate
means and SDs (►Supplementary Material S2, available in
the online version).43

By taking time of follow-up of each study into consideration,
we estimated the annual number of events for each clinical
outcomeprior to pooling (►SupplementaryMaterial S2, avail-
able in the online version). To calculate a pooled estimate for
each outcome, we used the Freeman–Tukey transformation
under a fixed effect model, or a random effects model if
significant inconsistency was observed (►Supplementary

Material S1: ►Tables 6 and 8, available in the online
version).40–42

To compare clinical outcomes between RCTs and descrip-
tive studies, we reported a relative risk (RR) and a 95%
confidence interval (CI) for apixaban-treated patients, irre-
spective of dose, and for patients treated with either 2.5 or
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5mg.44–46 We performed separate analyses for bleeding
events and for patients treated with a vitamin K antagonist
(VKA) to assess for consistency in our findings.

Results

Our original search yielded 3,186 publications, and an
additional 61 by screening reference lists. Of these, 1,593
were unique publications, most of which (n¼ 1,504; 94.4%)
were excluded after screening titles and/or abstracts.
Another 69 were excluded due to various reasons after
full paper assessment, including presence of duplicate
datasets. Overall, we included 18 observational studies
and 2 RCTs (AVERROES and ARISTOTLE) in our analyses

(►Supplementary Material S1: ►Fig. 1 and ►Table 2,
available in the online version).1–20

►Table 1 describes the clinical characteristics of the
patients who were treated with either apixaban or a VKA in
the two types of studies. Patients treated with apixaban in
observational studies were older (mean age 73.8 vs. 69.8
years), had higher CHA2DS2-VASc scores (mean 3.6 vs. 2.9),
andwere farmore likely to receive the reduced dose (31.3% vs.
5.1%), than those enrolled in RCTs.1–4,7,9,10,12,13,15–17,19,20,47

Apixaban-treated patients prescribed 5mg were older in
observational studies than in RCTs (mean age 70.5 vs. 68.6
years),7,9,11,14,16,21,48 whereas for those on 2.5mg no impor-
tant difference was observed (mean age 83.1 vs. 83.6
years).7,9,11,16,18,21,48 We were unable to find data on
CHA2DS2-VASc scores per dosing regimen of apixaban for
patients enrolled in the RCTs. Similarly, compared with
patients treated with a VKA in RCTs, VKA-treated patients
included in observational studies were older (mean age 76.8
vs. 69.7 years), andhadhigherCHA2DS2-VASc scores (mean3.7
vs. 2.9).2–4,7–9,15,16,18–20

►Table 2 shows the rates of S/SEE, ischemic stroke,
major bleeding, ICH, and mortality of patients treated with
either apixaban or a VKA in observational studies, compared
with those in RCTs. Patients treated with apixaban in obser-
vational studies had higher rates of S/SEE (RR 1.62; 95% CI
1.19–1.64), major bleeding (RR 1.37; 95% CI 1.20–1.56),
ICH (RR 1.61; 95% CI 1.17–2.20), and mortality (RR 1.91;
95% CI 1.73–2.11) than those treated with apixaban in
RCTs.1–10,12,13,15–17,19,20 Patients treated with apixaban
5mg twice daily in observational studies had higher rates
of S/SEE (RR 1.40; 95% CI 1.14–1.73), major bleeding (RR
1.34; 95% CI 1.15–1.56), and mortality (RR 1.16; 95% CI
1.00–1.35) than those in RCTs.6,7,11,14,16,21 A similar trend
was observed for those treated with apixaban 2.5mg twice
daily: rates of S/SEE (RR 2.10; 95% CI 0.95–4.67), major
bleeding (RR 1.18; 95% CI 0.70–1.99), and mortality (RR
1.19; 95% CI 0.89–1.58) were higher compared with patients
on the same dose in RCTs, but the difference did not reach
statistical significance.6,7,11,16,18,21Wewere unable to obtain
rates of ICH by dose of apixaban for patients enrolled in RCTs.
Users of VKAs in observational studies also had higher rates
of S/SEE (RR 1.55; 95% CI 1.32–1.82), major bleeding (RR
1.39; 95% CI 1.24–1.56), and mortality (RR 1.51; 95% CI
1.36–1.67) than those enrolled in RCTs, but rates of ICH
were similar (RR 1.08; 95% CI 0.86–1.36).2–9,12,15,16,18,20

►Table 3 shows the rates of S/SEE, ischemic stroke, major
bleeding, ICH, and mortality of patients on 2.5mg twice daily
apixaban compared with those on 5mg twice daily, both
in observational and in randomized studies. Regardless of
study design, patients on 2.5mg twice daily had much
higher rates of thromboembolic events, bleeding, and death
than those treated with 5mg twice daily (1.26- to
3.16-fold).6,7,11,14,16,18,21Moreover, anabsolute riskdifference
between both dosing regimens of þ1.4%/year, þ1.0%/year,
þ0.3%/year, and þ9.6%/year for S/SEE, major bleeding, ICH,
and all-cause death, respectively, was observed in observa-
tional studies;6,7,11,14,16,18 and a þ0.4%/year for S/SEE, þ1.2%
for major bleeding, and þ6.8%/year for mortality in RCTs.21

Table 1 Characteristics of patients on apixaban or vitamin K
antagonists in observational studies and in randomized controlled
trials

Characteristics Observational
studies

Randomized
controlled trials

Apixaban, either dose

No. of patients 155,228 11,928

2.5 mg users 31.3% 5.1%

Age - y 73.8� 11.1 69.8� 9.5

Females 50.3% 36.7%

CHA2DS2-VASc 3.6� 1.7 2.9� 1.7a

Apixaban, 5 mg
twice daily

No. of patients 67,296 10,939

Age - y 70.5� 10.4 68.6� 9.6b

Females 40.2% 38.9%b

CHA2DS2-VASc 3.2� 1.7 –

Apixaban, 2.5 mg
twice daily

No. of patients 25,377 596

Age - y 83.1� 7.9 83.6� 3.7b

Females 60.3% 65.5%b

CHA2DS2-VASc 4.7� 1.5 –

Vitamin K
antagonists

No. of patients 385,013 9,081

Age - y 76.8� 11.1 69.7� 9.6

Females 44.6% 35.0%

CHA2DS2-VASc 3.7� 1.7 2.9� 1.7a

Abbreviations: CHA2DS2-VASc (a score that estimates the annual risk of
stroke for patients with atrial fibrillation), Congestive heart failure,
Hypertension, Age� 75 years (2 points), Diabetes mellitus, Prior Stroke
or TIA or thromboembolism (2 points), Vascular disease, Age between
65–74 years, Sex category; SD, standard deviation.
Note: Values represent the absolute numbers, percentages, or
means� standard deviations.
aDerived from a substudy of the ARISTOTLE trial.47
bDerived from a substudy of the AVERROES trial.48
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Discussion

Our results confirm other reports and show that apixaban-
treated patients with AF enrolled in observational studies
(1) have higher rates of thromboembolic events, as well as
of bleeding and death; (2) have baseline characteristics that
put them at higher risk of both thromboembolic events and
bleeding; and (3) aremore frequently treatedwith the 2.5-mg
dose than those enrolled in RCTs, of which about half (57.2%,
95% CI: 45.9–68.2%) is used off-label according to results of
contemporaneous observational studies (►Supplementary

Material S2: ►Table 17, and S3: ►Figs. 33 and 34, available
in the online version).23–31 In addition, our results indicate
that in both observational and randomized studies, patients
treated with the lower dose of apixaban demonstrate a
consistent pattern of higher rates of both bleeding and

mortality in addition to a higher rate of thromboembolic
events.

Several authors and guidance documents have advocat-
ed against the off-label use of the 2.5-mg dose,23,29,32–36

on the grounds that it is an important cause of the excess
of S/SEE reported in observational studies and daily
clinical practice.23,29,32–34 However, our findings provide
an additional explanation and suggest that enrolment of
patients with worse risk profiles in observational studies
(vs. RCTs) is an important contributor to the high rates of
thromboembolic events in those receiving the 2.5-mg dose
of apixaban. We base our suggestion on the following
observations.

First, patients receiving the 2.5-mg dose in observational
studies had the worst prognostic characteristics of all four
groups analyzed (►Table 1). Second, not only were the rates

Table 2 Risks of thromboembolism, bleeding, and death in observational studies compared with in randomized controlled trials

Observational studies Randomized controlled trials

Outcomes No. with events
(sample size)

%/y No. with events
(sample size)

%/y Relative risk
(95% CI)

Apixaban, either dose

S/SEE 2,050 (108,765) 1.8 161 (11,928) 1.4b 1.62 (1.19–1.64)

Ischemic stroke 2,283 (141,527) 1.6 119 (11,928) 1.0 1.62 (1.35–1.94)

Major bleedinga 3,843 (142,955) 2.6 233 (11,896) 2.0 1.37 (1.20–1.56)

ICH 807 (145,863) 0.6b 41 (11,896) 0.4b 1.61 (1.17–2.20)

All-cause death 3,037 (45,263) 6.6 419 (11,928) 3.5 1.91 (1.73–2.11)

Apixaban, 5 mg twice daily

S/SEE 960 (61,179) 1.5 97 (8,664) 1.1 1.40 (1.14–1.73)

Ischemic stroke 727 (60,118) 1.6b 83 (8,692) 1.0 1.27 (1.01–1.59)

Major bleedinga 1,811 (64,779) 2.8 181 (8,664) 2.1 1.34 (1.15–1.56)

ICH 277 (65,581) 0.4 NR NR –

All-cause death 413 (11,010) 3.5b 281 (8,692) 3.2 1.16 (1.00–1.35)

Apixaban, 2.5 mg twice daily

S/SEE 760 (25,556) 2.9 6 (424) 1.5 2.10 (0.95–4.67)

Ischemic stroke 488 (20,409) 2.2 6 (428) 1.4 1.71 (0.77–3.79)

Major bleedinga 1,103 (28,250) 3.8 14 (424) 3.3 1.18 (0.70–1.99)

ICH 202 (29,477) 0.7 NR NR –

All-cause death 1,461 (12,241) 13.1b 43 (428) 10.0 1.19 (0.89–1.58)

Vitamin K antagonists

S/SEE 5,589 (225,971) 2.5 145 (9,081) 1.6 1.55 (1.32–1.82)

Ischemic stroke 5,558 (311,567) 1.8 95 (9,081) 1.1 1.71 (1.39–2.09)

Major bleedinga 14,643 (339,980) 4.1 280 (9,052) 3.1 1.39 (1.24–1.56)

ICH 3,045 (354,248) 0.8b 72 (9,052) 0.8 1.08 (0.86–1.36)

All-cause death 9,691 (163,084) 5.8 358 (9,081) 3.9 1.51 (1.36–1.67)

Abbreviations: %/y, number of events per 100 patient-years; CI, confidence interval; ICH, intracranial hemorrhage; NR, not reported; S/SEE, the
composite of stroke and systemic embolism events.
aThe definitions of major bleeding varied among the observational studies. For the precise definitions of major bleeding used by the individual
studies, please refer to the respective articles (see ►Supplementary Material S2: ►Tables 13–16).

bPooled rate derived from the random effects model due to serious inconsistency (see ►Supplementary Material S1: ►Tables 6 and 8).
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of thromboembolic events higher but those of major bleed-
ing and mortality were also higher in observational studies
compared with RCTs, which was evident for both apixaban-
and VKA-treated patients (►Table 2). Moreover, the higher
events rates for all three outcomes were consistently seen
with both the 5- and 2.5-mg doses of apixaban (►Table 2).
Finally, relative to those taking the full dose, patients treated
with the lower dose not only had higher rates of thrombo-
embolic events but also higher rates of bleeding and a
strikingly greater risk of mortality that cannot be accounted
for by the difference in rates of thromboembolic events. The
higher bleeding rate as well as the mortality unrelated to
thromboembolism cannot be attributable to underdosing
and therefore to off-label use of the 2.5-mg dose
(►Table 3). Thus, although the design of our study does
not allow us to quantify the relative contributions of under-
dosing and patient-related factors, our results suggest that
the inclusion of higher risk patients in observational studies
is an important contributor to the increased rates of S/SEE in
patients who are treated with 2.5mg apixaban.

Pharmacokinetic and clinical studies that established and
validated the ABC criteria excluded many patients at high
risk of bleeding who were included in the observational
studies and are treated with apixaban in clinical prac-
tice.1,2,21,49 Given the differences between the populations,
it is therefore unclear whether some patients seen in clinic,
who are deemed to be at very high risk of bleeding or
overexposure to apixaban, would be better served if they
were treated with an on-label 5mg dose or off-label 2.5mg
dose of apixaban. Until we have more data, physicians will
have to use their clinical judgment when dosing apixaban in
these patients.

Strengths and Limitations
The main strengths of our study is that we performed a
systematic search for observational and randomized studies,
compared the differences in baseline characteristics and
rates of most important adverse outcomes for patients
with AF (S/SEE, ischemic stroke, major bleeding, ICH, and
mortality) between these two study designs, and by apix-
aban dose.

The main limitations of our study are that: (1) our
conclusion is based on analyses of nonrandomized data;
(2) the indirect comparisons included only two randomized
studies; (3) the proportion of off-label use was not reported
by individual observational studies included in our meta-
analysis, and we relied on data from contemporaneous
observational studies to obtain the best estimates of the
prevalence of off-label use; (4) a modest number of patients
were prescribed the 2.5-mg dose of apixaban in the
RCTs (n¼ 596), and of these, we were only able to derive
data on clinical characteristics and event rates from 145 (a
substudy of AVERROES),48 and 428 patients (ARISTOTLE),21

respectively; and (5) our design does not provide defini-
tive information on the criteria that should be used in
clinical practice to select patients for apixaban dose reduc-
tion. Only a well-designed RCT would provide the required
information.

Conclusion

The higher risk profiles of patients in clinical practice com-
pared with RCTs, and higher rates of both bleeding and
mortality not attributable to thromboembolism in patients
treated with apixaban 2.5 mg twice daily compared with

Table 3 Risks of thromboembolism, bleeding, and death for patients on 2.5 mg twice daily apixaban compared with those on 5mg
twice daily apixaban per study design

2.5 mg twice daily apixaban 5mg twice daily apixaban

Outcome No. with events (sample size) %/y No. with events (sample size) %/y Relative risk (95% CI)

In observational studies

S/SEE 760 (25,556) 2.9 960 (61,179) 1.5 1.90 (1.73–2.08)

Ischemic stroke 488 (20,409) 2.2 727 (60,118) 1.6b 1.98 (1.77–2.22)

Major bleedinga 1,103 (28,250) 3.8 1,811 (64,779) 2.8 1.40 (1.30–1.50)

ICH 202 (29,477) 0.7 277 (65,581) 0.4 1.62 (1.35–1.94)

All-cause death 1,461 (12,241) 13.1b 413 (11,010) 3.5b 3.16 (2.84–3.51)

In randomized controlled trials

S/SEE 6 (424) 1.5 97 (8,664) 1.1 1.26 (0.56–2.87)

Ischemic stroke 6 (428) 1.4 83 (8,692) 1.0 1.47 (0.64–3.34)

Major bleeding 14 (424) 3.3 181 (8,664) 2.1 1.58 (0.93–2.70)

ICH NR NR NR NR –

All-cause death 43 (428) 10.0 281 (8,692) 3.2 3.11 (2.29–4.22)

Abbreviations: %/y, number of events per 100 patient-years; CI, confidence interval; ICH, intracranial hemorrhage; NR, not reported; S/SEE, the
composite of stroke and systemic embolism events.
aThe definitions of major bleeding varied among the observational studies. For the precise definitions of major bleeding used by the individual
studies, please refer to the respective articles (see ►Supplementary Material S2: ►Tables 13–16).

bPooled rate derived from the random effects model due to serious inconsistency (see ►Supplementary Material S1: ►Tables 6 and 8).
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5mg twice daily suggest that differences in patient charac-
teristics are additional important contributors to the higher
than expected thromboembolic event rates in clinical
practice.

What is known about this topic?

• Rates of thromboembolic events in patients with atrial
fibrillation prescribed apixaban are higher in observa-
tional studies than in the pivotal randomized trials.

• The 2.5-mg dose of apixaban is used much more
frequently in clinical practice than in randomized
trials, and approximately 50% of patients who receive
this dose in clinical practice do not meet the labeled
criteria for dose reduction. Recent reports associate
off-label use of 2.5mg apixaban with higher rates of
thromboembolic events.

• Accordingly, there is a prevailing view that the off-
label use of the 2.5-mg dose is an important cause of
higher rates of thromboembolic events in observation-
al studies relative to randomized studies, and conse-
quently, that such use should be avoided in all patients.

What does this paper add?

• The higher risk profiles of patients in observational
versus randomized studies, and higher rates of both
bleeding and mortality not attributable to thrombo-
embolism in patients treated with apixaban 2.5 mg
twice daily versus 5mg twice daily suggest that differ-
ences in patient characteristics are additional impor-
tant contributors to the higher than expected
thromboembolic event rates in clinical practice.
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