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BACKGROUND AND PURPOSE: The effects of direct oral anticoagulants in nonvalvular atrial fibrillation should be assessed in 
actual conditions of use. France has near-universal healthcare coverage with a unified healthcare information system, 
allowing large population-based analyses. NAXOS (Evaluation of Apixaban in Stroke and Systemic Embolism Prevention in 
Patients With Nonvalvular Atrial Fibrillation) aimed to compare the safety, effectiveness, and mortality of apixaban with vitamin 
K antagonists (VKAs), rivaroxaban, and dabigatran, in oral anticoagulant-naive patients with nonvalvular atrial fibrillation.

METHODS: This was an observational study using French National Health System claims data and including all adults with 
nonvalvular atrial fibrillation who initiated oral anticoagulant between 2014 and 2016. Outcomes of interest were major 
bleeding events leading to hospitalization (safety), stroke and systemic thromboembolic events (effectiveness), and all-cause 
mortality. Four approaches were used for comparative analyses: matching on propensity score (PS; 1:n); as a sensitivity 
analysis, matching on high-dimensional PS; adjustment on PS; and adjustment on known confounders. For each outcome, 
cumulative incidence rates accounting for competing risks of death were estimated.

RESULTS: Overall, 321 501 patients were analyzed, of whom 35.0%, 27.2%, 31.1%, and 6.6% initiated VKAs, apixaban, 
rivaroxaban, and dabigatran, respectively. Apixaban was associated with a lower PS–matched risk of major bleeding compared 
with VKAs (hazard ratio [HR], 0.43 [95% CI, 0.40–0.46]) and rivaroxaban (HR, 0.67 [95% CI, 0.63–0.72]), but not dabigatran 
(HR, 0.93 [95% CI, 0.81–1.08]). Apixaban was associated with a lower risk of stroke and systemic thromboembolic event 
compared with VKAs (HR, 0.60 [95% CI, 0.56–0.65]), but not rivaroxaban (HR, 1.05 [95% CI, 0.97–1.15]) or dabigatran 
(HR, 0.93 [95% CI, 0.78–1.11]). All-cause mortality was lower with apixaban than with VKAs, but not lower than with 
rivaroxaban or dabigatran.

CONCLUSIONS: Apixaban was associated with superior safety, effectiveness, and lower mortality than VKAs; with superior 
safety than rivaroxaban and similar safety to dabigatran; and with similar effectiveness when compared with rivaroxaban 
or dabigatran. These observational data suggest potentially important differences in outcomes between direct oral 
anticoagulants, which should be explored in randomized trials.
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Although vitamin K antagonists (VKAs) are highly 
effective in the prevention and treatment of throm-
boembolic events, they have limitations related to 

drug and food interactions. VKAs also have a narrow 
therapeutic margin, requiring frequent monitoring, with 
a particular concern for an increased risk of intracranial 
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bleeding.1 Direct oral anticoagulants (DOACs) represent 
an alternative to VKAs and inhibit coagulation by directly 
and specifically binding to the active site of either throm-
bin (dabigatran) or factor Xa (rivaroxaban and apixaban). 
Due to a large therapeutic index, DOACs can be given in 
fixed doses without routine coagulation monitoring and 
have limited drug and food interactions.2 Randomized 
trials have generally established superior safety and at 
least similar efficacy of DOACs with VKAs in patients 
with nonvalvular atrial fibrillation (NVAF).3

ARISTOTLE (Apixaban for Reduction in Stroke and 
Other Thromboembolic Events in Atrial Fibrillation), a 
randomized, double-blind trial, compared apixaban with 
warfarin in patients with NVAF and ≥1 additional risk fac-
tor for thromboembolism.4 In that trial, apixaban reduced 
stroke/systemic embolism, bleeding, and mortality com-
pared with warfarin.4 On the basis of ARISTOTLE, French 
regulators (Health Authority and Transparency Commit-
tee) approved apixaban for the prevention of stroke and 
systemic embolism in patients with NVAF and ≥1 risk 
factor(s), but required a postmarketing effectiveness 
study. To satisfy this request, the NAXOS study (Evalua-
tion of Apixaban in Stroke and Systemic Embolism Pre-
vention in Patients With Nonvalvular Atrial Fibrillation) 
was designed to describe the real-world use of apixaban 
and other oral anticoagulants (OACs) available in France 
(VKAs, dabigatran, and rivaroxaban). NAXOS aimed to 
evaluate the risks of major bleeding (safety), stroke and 
systemic thromboembolic events (STEs; effectiveness), 
and all-cause mortality comparing apixaban with other 
OACs. In the absence of randomized, controlled head-
to-head comparisons between DOACs, high-quality 
observational data can provide useful information on the 
comparative effectiveness of DOACs. Because France 
has near-universal healthcare coverage and a unified 
national healthcare data system (covering >90% of 
the total French population of ≈66 million individuals), 
NAXOS provided a good opportunity for a large popula-
tion-based analysis of the comparative effectiveness of 
the OACs used in France for NVAF, focused on apixaban.

METHODS
Because of their sensitive nature, the data are available only to 
investigators habilitated by the French National Health System. 
Patient consent was not required for this study (not applicable 
in anonymized claims database).

Study Design and Data Source
This historical, population-based cohort study used French 
National Health System claims data (Système National des 
Données de Santé [SNDS]), which contains anonymous indi-
vidual information on sociodemographic characteristics, all 
nonhospital reimbursed healthcare expenditures (without the 
corresponding medical indication or results), and all hospital 
discharge summaries.

The SNDS does not provide direct information on clinical 
history, clinical or paraclinical examination (tobacco smoking, 
blood pressure level, body mass index, etc), biologic results 
or any information on drug dispensed during a hospital stay 
(except very costly medication), and any data on cause of death; 
however, the outcome events of interest for this study (stroke, 
major bleeding, death) are captured by SNDS. This claims data-
base currently covers >90% of the country’s population.5

The study population consisted of all patients aged ≥18 years 
covered by the SNDS, with ≥1 reimbursement for OAC treat-
ments (VKAs, apixaban, rivaroxaban, or dabigatran) between 
January 2014 and December 2016, and newly initiating one of 
the study OAC treatments, that is, without the use of the same 
OAC in the 24 months before the index date (ie, date of the first 
dispensation).6 Patients with atrial fibrillation diagnosed in the 24 
months before inclusion were identified using a validated algo-
rithm previously used by Bouillon et al7 in the NACORA study. A 
second algorithm was developed to identify NVAF (based on the 
European Society of Cardiology definition).8

Eligible patients were allocated to 4 distinct subcohorts 
based on whether they received VKAs, apixaban, rivaroxaban, 
or dabigatran during the study period.

Patients with several OAC treatments, multiple doses or 
multiple prescribers at the index date, and patients possibly 
treated for indications other than stroke prevention in NVAF 
were excluded.

Selected patients were followed up during their exposure to 
the studied anticoagulant treatment. Hence, each patient was 
studied from the index date until switch to another anticoagu-
lant treatment, treatment discontinuation, patient’s last health 
record (last care recorded in the database prior a 6-month 
period without any reimbursed care, which may include emi-
gration and admissions to geriatric homes), death, or end of 
the study period (ie, December 31, 2016), whichever occurred 
earliest. Patients were censored at the first occurrence of 
one of these events. Details/definitions of switching treat-
ment, discontinuation, and drug coverage can be found in the 
Supplemental Materials in the Data Supplement.

Outcomes
The outcomes of interest were safety, defined as the risk of major 
bleeding events leading to hospitalization and identified through 
main hospital discharge diagnoses; effectiveness, defined as 
the risk of stroke and STE and identified through main hospi-
tal discharge diagnoses; and all-cause mortality, identified using 
the date of death recorded in the SNDS (Table I in the Data 
Supplement). Safety was also investigated considering 3 specific 
bleeding sites. For patients with >1 bleeding site at their date of 
first major bleeding event, the clinically most severe event was 
considered according to the following order of priority: intracra-
nial bleeding, gastrointestinal bleeding, and other bleeding. The 
proxies of outcomes have been adapted from Friberg et al9 and 
have been validated by Bouillon et al7 on the SNDS.

Statistical Methods
For each cohort of OAC-naive patients, sociodemographic char-
acteristics and comorbidities were described using descriptive 
statistics.
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The main analysis, comparing apixaban versus each of 
the other OACs, was performed using propensity score (PS) 
matching. Three PS were estimated for each comparison 
between apixaban and other OACs, using a logistic regression 
model that included the following variables: sociodemographic 
characteristics, specialty of the prescriber who initiated the 
OAC treatment, comorbid conditions, CHA2DS2-VASc score, 
modified HAS-BLED score, Charlson score, and drugs dis-
pensed within 3 months before index date. In case of collin-
earity, collinear variables were removed from the PS. Several 
checks were performed to ensure a good balance of PS and 
of covariates between apixaban and comparison groups: first, 
the treatment group PS distribution was analyzed graphically. 
Then, the balance of covariates across treatment and com-
parison groups was checked using standardized difference.10 
Apixaban patients were matched with those treated with other 
anticoagulants using sequential pairwise nearest neighbor 1:n 
(n variable and n≤3) matching without replacement, using the 
logit of PS and specified caliper of width 0.2 of SD of the logit 
of PS.11 The quality of the matching was checked with absolute 
weighted standardized differences on the demographics and 
clinical covariates (standardized differences <0.1 indicating 
good balance between treatment groups).11

After PS matching, the risk for each outcome was compared 
between apixaban and each of the other OACs using a Cox pro-
portional hazard model with robust variance estimator to account 
for matching. To account for the competing risk of mortality (as 
the mortality was >10% in the VKAs cohort), Fine and Gray 
models were used to compare safety and effectiveness out-
comes between apixaban and VKAs. Proportionality assumption 
was checked for exposure by including the interaction between a 
time function and exposure. If the proportionality assumption was 
violated, then 2 models were computed: the first without consid-
ering the nonproportionality that computed an average hazard 
ratio (HR) for each exposure over the period, and the second 
with the inclusion of the interaction between time function (log) 
and exposure to identify potential change of the HR over time.

To support the robustness of the main analysis, 3 additional 
analyses were performed (see Supplemental Materials in the 
Data Supplement).

All statistical analyses were performed using SAS (SAS 
Institute, NC), version 9.4.

Sensitivity Analysis
Sensitivity analyses were performed using modified definitions 
of the outcomes: for the safety outcome, addition of associated 
diagnoses of hospital stays for major bleeding events and addi-
tion of transfusion (through medical procedures codes); and for 
the effectiveness outcome, exclusion of diagnoses of hemor-
rhagic stroke. The comparisons between apixaban and each of 
the other OACs were performed using the same method as for 
the main analysis.

Ethics
This study was approved by the French Institute for Health Data 
(Institut National des Données de Santé, approval No. 136 from 
September 8, 2015). It was conducted using anonymized data, 
approved by the National Informatics and Liberty Committee 
(Commission Nationale Informatique et Libertés, approval 

No. 1877931 from March 17, 2016), and registered at URL: 
https://www.clinicaltrials.gov; Unique identifier: NCT02640222.

RESULTS
Identification of the Study Population
Among the 1 951 218 patients included in the French 
National Health System database who had been dis-
pensed ≥1 course of VKA, apixaban, rivaroxaban, or 
dabigatran between 2014 and 2016, 1 040 864 patients 
(53.3%) initiated one of the study OAC treatments. 
Almost all patients (99.8%) were aged ≥18 years at 
OAC initiation, 438 280 patients had atrial fibrillation and 
93.9% (411 700 patients) had NVAF. After excluding 
patients without valid dosage or prescriber information, 
411 077 patients were included in the study population.

Of those included, 321 501 OAC-naive patients with 
NVAF were identified: 112 628 (35.0%) initiated VKAs 
(69.8% used fluindione, 27.3% used warfarin, and 2.9% 
used acenocoumarol), whereas 87 565 (27.2%), 100 063 
(31.1%), and 21 245 patients (6.6%) initiated apixaban, 
rivaroxaban, and dabigatran, respectively (Figure 1).

Patient Characteristics
Prematched data showed notable differences in patient 
characteristics between the cohorts initiating VKA, apix-
aban, rivaroxaban, and dabigatran (Table). Patients in 
the VKA cohorts were older, had a higher risk of stroke, 
and more comorbid conditions than patients receiving 
DOACs. Among DOAC patients, those initiating apixa-
ban were older, had a higher risk of stroke, and more fre-
quently had comorbidities than those in the rivaroxaban 
and dabigatran cohorts.

The mean follow-up duration was 316 days 
(median=218 days) for anticoagulant-naive patients 
treated with VKAs. For those receiving apixaban, rivar-
oxaban, and dabigatran, the mean follow-up duration was 
286 (median=213), 318 (median=205), and 329 days 
(median=186), respectively.

Among apixaban-treated patients, 68 208 could be 
matched to 107 558 VKA patients, 81 759 could be 
matched to 100 050 rivaroxaban patients, and 21 245 
could be matched to 21 245 dabigatran patients (Table II 
in the Data Supplement).

After propensity score matching, the absolute weighted 
standardized differences of all confounding factors were 
<10% (Figure I in the Data Supplement). The confound-
ing factors after weighting for each of the matched 
cohorts are given in Table III in the Data Supplement.

Outcomes During Follow-Up
The cumulative incidence of major bleeding during the 
follow-up period, taking into account the competing risk 
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of death in the VKA cohort, was 4.00% for apixaban 
and 9.54% for VKA, 4.24% for apixaban and 6.38% 
for rivaroxaban, and 3.80% for apixaban and 4.31% for 
dabigatran (Figure 2). The cumulative incidence of stroke 
or STE during the follow-up period, taking into account 
competing risks in the VKA cohort, was 3.16% for apixa-
ban and 6.13% for VKA, 2.93% for apixaban and 3.22% 
for rivaroxaban, and 2.56% for apixaban and 3.28% for 
dabigatran (Figure 3). The cumulative incidence of all-
cause mortality during the follow-up period was 11.10% 
for apixaban and 26.55% for VKA, 9.18% for apixaban 
and 9.66% for rivaroxaban, and 8.36% for apixaban and 
10.05% for dabigatran (Figure 4).

Comparison of Outcomes
After propensity score matching, patients initiating apixa-
ban were at a lower risk of major bleeding (all major bleeding 
HR, 0.43 [95% CI, 0.40–0.46]; gastrointestinal bleeding 
HR, 0.44 [95% CI, 0.40–0.50]; intracranial bleeding HR, 
0.42 [95% CI, 0.37–0.48]; and other bleeding HR, 0.43 
[95% CI, 0.39–0.47]) and stroke or STE (HR, 0.60 [95% 
CI, 0.56–0.65]) and had a lower risk of all-cause mortality 
(HR, 0.44 [95% CI, 0.42–0.45]) than matched patients 
initiating VKAs (Figure 5). Patients treated with apixaban 
had a lower risk of major bleeding than those treated with 
rivaroxaban (HR, 0.67 [95% CI, 0.63–0.72]), although the 
risk of stroke and STE (HR, 1.05 [95% CI, 0.97–1.15) 

Figure 1. Selection of the study population.
The percentages of patients who initiated vitamin K antagonists (VKAs), apixaban, rivaroxaban, and dabigatran were reported based on the 
number of oral anticoagulant (OAC)-naive patients (n=321 501). AF indicates atrial fibrillation.
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and the risk of all-cause mortality (HR, 0.97 [95% CI, 
0.93–1.02]) were comparable (Figure 5). Patients initiat-
ing apixaban were also associated with lower risks of gas-
trointestinal bleeding (HR, 0.63 [95% CI, 0.56–0.70]) and 
other bleeding (HR, 0.64 [95% CI, 0.57–0.71]), but a com-
parable risk of intracranial bleeding (HR, 0.87 [95% CI, 
0.75–1.01]) than those initiating rivaroxaban. Compared 
with patients treated with dabigatran, patients treated 
with apixaban had comparable risks of major bleeding 
(HR, 0.93 [95% CI, 0.81–1.08]), of stroke and STE (HR, 
0.93 [95% CI, 0.78–1.11]), and of all-cause mortality (HR, 
0.94 [95% CI, 0.85–1.04]) (Figure 5). Patients initiating 
apixaban had also a lower risk of gastrointestinal bleed-
ing (HR, 0.60 [95% CI, 0.48–0.76]), a comparable risk 
of other bleeding (HR, 1.13 [95% CI, 0.90–1.44]), and 
a higher risk of intracranial bleeding (HR, 1.72 [95% CI, 
1.20–2.48]) than those initiating dabigatran. In case of 

violation of the proportionality assumption, the direction 
of the association was not modified after inclusion of the 
interaction between time function and exposure.

The findings of the additional analyses using adjust-
ment on confounding factors, adjustment on PS, and 
matching on high-dimensional propensity score were 
mostly consistent with those of the main analysis, as 
detailed in Figure II in the Data Supplement. Sensitivity 
analyses using modified outcome definitions (safety and 
effectiveness) were also overall consistent with the main 
analysis (Figure III in the Data Supplement).

DISCUSSION
With a total cohort of 321 501 OAC-naive patients with 
NVAF, NAXOS is among the largest observational stud-
ies to assess the use and effects of OACs, and it offers 

Table. Prematched Baseline Demographic and Clinical Characteristics of Patients in the 24 mo Before 
the Index Date by OAC Treatment in OAC-Naive Cohorts

VKA
N=112 628

Apixaban
N=87 565

Rivaroxaban
N=100 063

Dabigatran
N=21 245

Sex, %

 Male 48.8 51.2 55.1 54.1

Age at index date, y

 Mean (SD) 78.5 (11.1) 74.7 (11.5) 72.0 (12.0) 72.7 (11.8)

 Median 81.0 76.0 73.0 74.0

 >80 y, % 54.5 38.5 29.6 32.1

Time between first NVAF diagnosis and index date, d

 Mean (SD) 89.4 (189.7) 69.7 (183.5) 71.7 (187.8) 73.9 (190.7)

 Median 12.0 3.0 2.0 2.0

Standard dose*, % … 62.3 65.2 42.4

Past hospital stays†

 % of patients 85.4 73.7 69.0 69.7

 Mean number of hospital stays (SD) 2.7 (2.4) 2.1 (1.9) 2.1 (1.8) 2.1 (1.6)

 Median 2.0 2.0 2.0 2.0

 Min–Max 1.0–75.0 1.0–146.0 1.0–66.0 1.0–36.0

Cumulative duration of past hospital stays†

 Mean (SD) 22.4 (22.8) 12.5 (14.9) 11.8 (14.9) 11.9 (14.9)

 Median 16.0 8.0 7.0 8.0

 Min–Max 1.0–491.0 1.0–383.0 1.0–336.0 1.0–485.0

Risk scores

 Mean CHADS2 (SD) 2.1 (1.3) 1.6 (1.3) 1.3 (1.2) 1.4 (1.3)

 Median CHADS2 2.0 1.0 1.0 1.0

 Mean CHA2DS2-VASc score (SD) 3.9 (1.7) 3.1 (1.7) 2.7 (1.7) 2.8 (1.7)

 Median CHA2DS2-VASc score 4.0 3.0 3.0 3.0

 Mean modified HAS-BLED score (SD) 2.6 (1.1) 2.2 (1.0) 2.0 (1.0) 2.1 (1.0)

 Median modified HAS-BLED score 3.0 2.0 2.0 2.0

 Mean Charlson score adjusted for age (SD) 5.9 (2.6) 4.5 (2.3) 4.0 (2.2) 4.1 (2.2)

 Median Charlson score adjusted for age 6.0 4.0 4.0 4.0

NVAF indicates nonvalvular atrial fibrillation; OAC, oral anticoagulant; and VKA, vitamin K antagonist.
*Standard doses: apixaban 5 mg twice-daily, rivaroxaban 20 mg once daily, and dabigatran 150 mg twice daily. 
†In patients with posthospital stays.
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a nationwide population-based perspective of the use of 
anticoagulants in everyday life. In this study, the choice of 
anticoagulant clearly differed according to the patient pro-
file, with patients who initiated DOACs having a lower car-
diovascular risk profile than patients initiating VKAs. Among 
patients prescribed DOACs, those receiving apixaban had 
a higher cardiovascular risk, higher CHA2DS2-VASc score, 
and more comorbid conditions (higher Charlson score) 
than those receiving other agents. After PS matching, apix-
aban was associated with superior safety and effective-
ness compared with VKAs. Apixaban was also associated 
with superior safety compared with rivaroxaban, although 
effectiveness of the 3 DOACs was comparable. The risk of 
all-cause mortality was lower with apixaban versus VKAs, 
although it was comparable between the 3 DOACs.

To support the robustness of the main analysis and 
to include the full population (no attrition bias), we per-
formed 2 additional analysis, using adjustment for con-
founding factors, and using adjustment for PS. Moreover, 
to try to improve the classical PS, we performed a third 
additional analysis, using matching on high-dimensional 
propensity score. In addition, to support the validity of the 
definitions used to identify outcomes, sensitivity analy-
ses were conducted using modified definitions of these 
outcomes. Overall, these additional sensitivity analyses 
produced results consistent with the main analysis.

Identification of patients with NVAF and associated risk 
scores from claims databases is complex.12 The algorithm 
used in NAXOS relied on the criteria previously used in the 
ARISTOTLE trial4 and in the NACORA study (Nouveaux 
Anticoagulants Oraux et Risques Associés).7 In terms of 
sociodemographic and clinical data, patients included in the 
NAXOS study were comparable to those from 3 previous 
large French observational studies,7,13,14 in which patients 
treated with VKAs were older than patients treated with 
DOACs. The age and comorbidities of patients included 
in the NAXOS study were similar to those of patients 
from the PAROS study (Apixaban in Patients With Atrial 
Fibrillation in a Real Life Setting: Cross-Sectional Study 
in France), a recent French cross-sectional survey of OAC 
prescriptions in patients with NVAF.15

The safety, effectiveness, and all-cause mortality obser-
vations pertaining to apixaban and VKAs in NAXOS are 
consistent with the results of the ARISTOTLE trial.4 The 
mortality of VKA-treated patients, however, was higher 
in NAXOS (13.39%) (data not shown) than in ARISTO-
TLE (3.94%), likely due to the older age of patients in the 
NAXOS cohort and due to the stringent selection pro-
cess used to identify eligibility in randomized trials. As a 
rule, patients enrolled in observational studies in routine 
clinical practice tend to be at substantially higher risk of 
adverse outcomes than patients in clinical trials.16–18

Figure 2. Cumulative incidence curves for the evaluation of major bleeding events leading to hospitalization (safety) during the 
overall follow-up period.
VKA indicates vitamin K antagonist.

Figure 3. Cumulative incidence curves for the evaluation of risk of stroke and systemic thromboembolic events (effectiveness) 
outcomes during the overall follow-up period.
VKA indicates vitamin K antagonist.
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The relative risk of major bleeding events leading to 
hospitalization, the risk of stroke and STEs, and the risk 
of all-cause mortality with apixaban compared with VKAs 
were lower in NAXOS than in ARISTOTLE (HR, 0.43 
versus 0.69, 0.60 versus 0.79, and 0.44 versus 0.89, 
respectively). These relative risks may reflect poorer inter-
national normalized ratio (INR) control among patients 
treated with VKAs in routine clinical practice, as opposed 
to the highly controlled environment of a randomized 
clinical trial and is consistent with data suggesting that 
the majority of patients treated with VKAs in France have 
inadequate INR control,19,20 compared with higher control 
rates in clinical trials that implement careful INR monitor-
ing.4 However, this assumption remains speculative, as 
INR results are not available in the French claims data-
base. Another difference between NAXOS and random-
ized trials is that fluindione is the most frequently used 
VKA in France, whereas warfarin was preferentially used 
in randomized controlled trials.20

The results of the NAXOS study are in line with those of 
previous observational studies, both in terms of safety21,22 
and effectiveness.22,23 In the study conducted by Vinogra-
dova et al24 in the United Kingdom, apixaban was associ-
ated with a lower risk of bleeding compared with VKAs, 
but no difference was observed in the incidence of isch-
emic stroke and mortality. In a US study, apixaban, but not 

dabigatran or rivaroxaban, was associated with a lower 
risk of stroke/thromboembolism compared with warfarin; 
all 3 DOACs were associated with a reduced risk of intra-
cranial bleeding, and both apixaban and dabigatran were 
associated with a decreased risk of major bleeding.22 In a 
further US study that relied on claims data, both apixaban 
and dabigatran were associated with a reduced risk of 
major bleeding compared with warfarin, whereas rivaroxa-
ban had a similar risk.21 In a Danish claims data study,25 all 
3 DOACs were associated with a reduced risk of intracra-
nial bleeding compared with VKAs, with no difference in 
stroke or thromboembolic events. In our study, dabigatran 
was associated with significantly increased risks of gas-
trointestinal and other bleedings, but significantly reduced 
risk of intracranial bleeding, compared with apixaban. 
These findings were consistent with those of the study 
from Graham et al.26 In a US study from Noseworthy et 
al,27 apixaban, rivaroxaban, and dabigatran appeared to 
have similar effectiveness, although apixaban had a lower 
bleeding risk and rivaroxaban had an elevated bleeding 
risk; among DOAC users in another large US-based anal-
ysis, the benefit-harm profiles for apixaban and dabiga-
tran were more favorable than rivaroxaban.26

Although observational analyses have provided some-
what inconsistent results with respect to mortality, safety, 
and effectiveness differences,24,28–31 NAXOS, as one of 

Figure 4. Cumulative incidence curves for the evaluation of all-cause mortality outcome during the overall follow-up period.
VKA indicates vitamin K antagonist.

Figure 5. Forest plots of the results of the main analysis (propensity score matched).
HR indicates hazard ratio; and VKA, vitamin K antagonist.
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the largest, includes the vast majority of the French pop-
ulation and suggests potentially clinically relevant differ-
ences between OACs, with possible public health impact.

In the ARISTOPHANES study (Anticoagulants for 
Reduction in Stroke: Observational Pooled Analysis on 
Health Outcomes and Experience of Patients), the inci-
dence of stroke/systemic embolism with lower and stan-
dard doses of apixaban and rivaroxaban was similar to 
that with warfarin, although it was higher with dabiga-
tran than with warfarin.23 The risk of major bleeding was 
lower with apixaban and dabigatran than with warfarin at 
both low and standard doses and higher with rivaroxaban 
at both doses. At both low and standard doses, the risk 
of stroke/systemic embolism was lower with apixaban 
than with dabigatran or rivaroxaban, whereas the risk 
was higher with dabigatran than with rivaroxaban at low 
doses. Whatever the dose, the risk of major bleeding was 
lower with apixaban and dabigatran than with rivaroxa-
ban, in agreement with the NAXOS findings.23

The strengths of NAXOS are that it used a nation-
wide claims database (SNDS) covering both primary and 
secondary care, providing a broad range of data, includ-
ing sociodemographic information, major medical history, 
and comprehensive healthcare reimbursement records, 
and comprises >90% of the French population. It is one 
of the largest nationwide observational cohorts of patients 
initiating OACs for the treatment of NVAF to date, provid-
ing high statistical power. Results were consistent across 
sensitivity analyses. Most importantly, it was population 
based and relied on a single payer (French National Health 
System) database, thereby minimizing the potential for 
selection bias. Finally, although it is not possible to exclude 
residual bias favoring apixaban in the comparisons, the fact 
that, among patients treated with DOACs, those receiving 
apixaban had higher CHA2DS2-VASc and Charlson scores 
than patients receiving the other DOACs suggests that 
residual bias by indication is an unlikely explanation for the 
superior safety of apixaban and that the findings are con-
servative estimates. The magnitude of some differences 
between DOACs suggests that head-to-head randomized 
clinical trials appear warranted. From an exploratory cal-
culation conducted by authors based on the proportion of 
events, around 10 000 patients per treatment arm would 
be needed to evaluate outcomes across DOACs in a hypo-
thetical head-to-head trial (assuming an 80% power).

Like all observational studies, NAXOS has limitations: 
patients with NVAF were identified by an algorithm that 
may have excluded patients with less severe disease, 
such as those with uncomplicated paroxysmal atrial fibril-
lation. The SNDS database does not collect diagnoses 
other than discharge diagnoses; therefore, some car-
diovascular risk factors had to be identified from proxies 
based on treatments and hospital diagnoses (the draw-
backs of using DRG and inability to fully ascertain the 
nature/cause of some outcome events are well known), 
and information was missing for major confounders 

(clearance of creatinine, hemoglobin, smoking status, 
weight, diet, and alcohol consumption), as is often the 
case for claims data, or even for medical records when 
data are not regularly updated. Thus, the CHADS2, 
CHA2DS2-VASc, modified HAS-BLED, and Charlson 
scores adjusted for age were assessed through algo-
rithms based on proxies. It would have been of interest to 
separate the etiological subtypes of ischemic stroke and 
intracerebral hemorrhage, as we aware that the exact 
etiology is important for determining a causal relation-
ship to anticoagulants’ use. However, in the database, 
we could not fully ascertain the nature/cause of these 
outcome events (for instance, in some elderly patients, 
no radiological investigation was performed, when the 
overall health status was poor).

Although significant efforts were made to minimize 
confounding, residual confounding may be present, as in 
all observational analyses. Nonetheless, the consistency 
of our findings is reassuring, suggesting robust evidence. 
Large numbers of models were produced, opening a 
possibility of correction for multiple testing. However, 
the majority of our findings were highly statistically sig-
nificant, and the application of corrections for multiple 
testing would not have affected the critical findings, even 
if a threshold of P=0.001 and Bonferroni corrections 
have been used. Finally, edoxaban is not reimbursed in 
France for treatment of NVAF and therefore could not be 
included in the present analysis.

CONCLUSIONS
In NAXOS, apixaban-treated patients had a lower risk of 
major bleeding events leading to hospitalization, lower 
risk of stroke and STEs, and lower risk of all-cause mor-
tality compared with patients receiving VKAs. NAXOS 
also suggests comparable effectiveness for all 3 DOACs 
(apixaban, rivaroxaban, and dabigatran), with superior 
safety of apixaban versus rivaroxaban, and no difference 
in mortality between agents. Given the lack of randomized 
comparisons between DOACs, these observations are of 
interest to patients, clinicians, regulators, and payers.
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