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Abstract Introduction Data from clinical trials indicate that direct oral anticoagulants (DOACs)
are noninferior and safer than conventional therapy (low-molecular-weight heparin
followed by a vitamin K antagonist [VKA]) for treating venous thromboembolism (VTE),
which includes deep vein thrombosis and pulmonary embolism (PE). This study
compared the effectiveness and safety of DOACs and conventional therapy in a real-
world setting.
Methods This observational study used French national claims data of adult,
treatment-naïve patients diagnosed with VTE (majority PE) who were hospitalized
and treated for VTE with a DOAC (apixaban or rivaroxaban) or VKAs during 2013 to
2018. Patients with active cancer were excluded. After propensity score matching for
each DOAC-VKA comparison, risks of bleeding, recurrent VTE, and all-cause mortality
were compared at 6months. Cox proportional hazards regression was used to estimate
adjusted hazard ratios of the endpoints.
Results A total of 58,137 patients were included (10,775 VKAs, 10,440 apixaban,
36,922 rivaroxaban). Propensity score-matched cohort sizes were 7,503 for apixaban
and 9,179 for rivaroxaban. The hazard ratio (95% confidence interval) was significantly
lower for apixaban than VKAs for bleeding requiring hospitalization (0.43 [0.32–0.59]),
all-cause death (0.61 [0.51–0.74]), and first recurrent VTE (0.67 [0.52–0.85]). The
hazard ratio was also significantly lower for rivaroxaban than VKAs for all-cause death
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Introduction

Deep vein thrombosis (DVT) and pulmonary embolism (PE),
collectively referred to as venous thromboembolism (VTE),
affect approximately 10 million people worldwide.1–3 Overall
global incidence rate of VTE is 115 to 269per 100,000.4Annual
incidence rates range from 39 to 115 for PE and 53 to 162 for
DVT per 100,000 population.4–6 Data from the United States
indicate that 10 to 30% of people with VTE will die within
1month of diagnosis, and about one-quarter of peoplewith PE
die suddenlywithout it beingdiagnosed.7Onequarter of these
patients have a recurrence within 5 years and over one-third
have a recurrence within 10 years.8

The goal of VTE treatment is to prevent its recurrence over
the long term by resolving and preventing extension of the
clot.3,9 After a VTE episode, conventional treatment has
typically included heparins (low-molecular-weight heparin
[LMWH] or unfractionated heparin) or fondaparinux fol-
lowed by a vitamin K antagonist (VKA), such as warfarin,
to prevent recurrent episodes of VTE.3 VKAs require regular
monitoring of anticoagulation and typically need heparin
bridging therapy to balance the risk of bleeding with throm-
boembolism.10 Direct oral anticoagulants (DOACs) are small
molecules that directly inhibit clotting factors, including
thrombin (dabigatran) and factor Xa (apixaban, edoxaban,
and rivaroxaban).3 Randomized controlled trials showed
that DOACs are noninferior to VKAs in preventing VTE
recurrence and VTE-related death but are less likely to cause
intracranial bleeding, other bleeding events, and to interact
with food and other drugs and are faster acting.11–15 Accord-
ingly, the European Society of Cardiology3 recommends
using DOACs over VKAs for first-line treatment of VTE.
Similarly, the American College of Chest Physicians16 and
the American Society of Hematology17 suggest DOACs over
VKAs for the first-line treatment of VTE.

Although the clinical trial data indicate similar efficacy and
better safety of DOACs over VKAs, evidence from real-world
studies are needed to confirm these conclusions in the wider
population and in daily clinical practice. Real-world data are
also needed because the risk–benefit ratio of DOACsmaydiffer
in a nonclinical trial population.18,19 Three recent matched-
cohort studies of U.S. private health care and Medicare claims
databases confirmed that safety and effectiveness were better
with DOACs than conventional therapy for risks of major
bleeding, clinically relevant nonmajor bleeding, and recurrent
VTE.20–22 The current study further extends theU.S. studies by
comparing the real-world effectiveness and safety of the two
DOACs approved for use in France for VTE (apixaban and
rivaroxaban) with VKAs in a French population.

Methods

Overall Study Design and Data Source
This was a retrospective, observational, nationwide cohort
study (EU PASS registration number EUPAS35888) using data
extracted from the French national health data system
(Système National des Données de Santé [SNDS]), which
covers 99% of the French population.23 Data are linked via
a unique social security number to primary care, hospital,
pharmacy, and death registration databases, permitting
patient treatment history, treatment patterns, and hospital-
izations based on International Classification of Diseases,
Tenth Revision (ICD-10) codes to be tracked. The objective
was to describe and compare the risk of bleeding leading to
hospitalization, recurrent VTE, and all-cause death within
the first 6 months after the index VTE diagnosis in adult
patients receiving apixaban, rivaroxaban, or VKA.

Study Population
The analysis included adult inpatients without active cancer
that had a principal diagnosis of VTE or an associated
diagnosis with evidence of a diagnostic procedure for VTE
from January 1, 2013 to June 30, 2018. This analysis period
reflects the availability dates of rivaroxaban (DVT, price
publication, July 25, 2012; PE, transparency committee,
June 12, 2013) and apixaban (PE and DVT, transparency
committee, April 1, 2015) in this indication in France.24,25

VTEwas identified through ICD-10 diagnoses of hospital stay
(see ►Supplementary Table S1 [available in the online
version] for ICD-10 codes for a diagnosis of VTE) and VTE
diagnostic procedure (see ►Supplementary Table S2 [avail-
able in the online version] for list of procedures). Active
cancer was defined as patients who have a cancer diagnosis
or cancer treatment (chemotherapy, radiation, and cancer-
related surgery) within 6 months before or 30 days after the
index VTE diagnosis. The admission date was designated as
the index VTE event date. Patients also had to have �1
reimbursement for an anticoagulant within 30 days after
the date of discharge. The study population included patients
who met selection criteria and received treatment with
apixaban, rivaroxaban, or VKAs after their initial index
encounters. In the VKA/LMWH bridging or VKA only cohort,
if patients used VKA and had a reimbursement for LMWH
within 14 days before or after VKA initiation, then their first
VKA reimbursement date was designated as the index date.
No other anticoagulant (except VKA or LMWH) could be
prescribed during the following time periods: between index
VTE event and initiation of VKA and for the duration of
LMWH treatment if it occurred within 14 days after VKA

(0.63 [0.53–0.74]) but not for bleeding requiring hospitalization (0.86 [0.69–1.07]) or
first recurrent VTE (0.91 [0.74–1.13]).
Conclusion Apixaban was associated with superior safety and effectiveness than
VKAs. All-cause mortality was lower in both DOACs than VKAs. Our results support
recommendations to use DOACs over VKAs for the treatment of VTE.
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initiation. Patients with a VKA reimbursement within
30 days after the date of discharge for VTE events in an
inpatient setting without a reimbursement for any other
anticoagulant (except for LMWH as a bridging therapy)
between the index VTE event and the VKA reimbursement
date were classified as VKA users. The apixaban cohort
consisted of patients who initiated apixaban within
30 days after the date of discharge for VTE event. The
rivaroxaban cohort consisted of patients who initiated rivar-
oxaban within 30 days after the date of discharge for VTE
event.

For DOACs, time on treatment (days of supply) was
estimated using information on the number of reimburse-
ments a patient received and on the prescribed package size,
units, strength per prescription, and the EuropeanMedicines
Agency dosing plan for the DOACs of interest
(►Supplementary Table S3, available in the online ver-
sion).26,27 For VKAs, a mean daily dose was computed for
all patients initiating VKAs in the study period. The mean
daily dose was computed by dividing the total amount
prescribed by the follow-up. Days supplied was calculated
by dividing the patient’s total amount dispensed by themean
daily dose. A 30-day grace period after the estimated end of
the days’ supply was applied for DOAC and VKA estimates.

Patients were excluded if they had a diagnosis of VTE
during 24 months prior to the index date; atrial
fibrillation/flutter, mechanical heart valve replacement, or
mitral stenosis at the index VTE or during the 24 months
preceding it; receipt of another oral or parenteral anticoag-
ulant on the index date or during the period between the
index VTE event and the index date (LMWH was allowed
between the index VTE event and index date for the VKA–
LMWH bridging cohort); or evidence of pregnancy at
9 months prior to the index date. In addition, patients
with recording errors in the SNDS database were excluded.
For this analysis, patients with active cancer 6 months prior
to or 30 days after index VTE event were also excluded.

Study Outcomes
The main study outcomes included bleeding requiring hos-
pitalization, which was a bleeding event observed during
follow-up and defined as bleeding leading to hospitalization
identified using a primary ICD-10 diagnosis (see
►Supplementary Table S4 [available in the online version]
for ICD-10 codes); all-cause death, which was defined as any
recorded death; and first recurrent VTE, which was defined
as an inpatient diagnosis of DVTor PE identified through ICD-
10 codes (primary) occurring after 7 days of the index VTE
event (see ►Supplementary Table S2 [available in the online
version] for a list of procedures to diagnose DVT and PE).
Other outcomes of interest included gastrointestinal bleed-
ing, intracranial bleeding, and other bleeding (see
►Supplementary Table S4 [available in the online version]
for bleeding codes).

A sensitivity analysis was performed for bleeding requir-
ing hospitalization, all ICD-10 codes, or transfusions
(►Supplementary Table S4 [available in the online version]:
ICD-10 codes for bleeding leading to hospitalization).

Statistical Analysis
All analyses were conducted using SAS Enterprise guide
version 7.15 (SAS institute Inc., Cary, North Carolina, United
States). Propensity score (PS) matching was used as the
primary method to balance patient characteristics between
the cohorts and estimated the average treatment effect for
the treated. The PS was calculated using a multinomial
logistic derived for each of the treatment comparisons of
interest (VKA as reference treatment for VTE population)
(►Supplementary Appendix A). The PS was defined as the
probability of a patient receiving a certain treatment or not
conditional on their observed baseline covariates. The list of
variables included in the logistic model was based on clinical
rationale (see ►Supplementary Table S5 [available in the
online version] for covariates). In case of collinearity, collin-
ear 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 including graphi-
cally analyzing the treatment group PS distribution and
using standardized differences to balance the covariates
across treatment and comparison groups. Apixaban and
rivaroxaban patients were matched with those treated
with VKAs using sequential pairwise nearest neighbor 1:1
matching without replacement, using the logit of PS and
specified caliper of width 0.2 of standard deviation (SD) of
the logit of PS. The quality of the matching was checked with
absolute weighted standardized differences on the demo-
graphics and clinical covariates (standardized differences
<10% indicating good balance between treatment groups).

To compare risk, the cumulative incidence rates for clini-
cal outcomes censored at 6 months (including 95% confi-
dence interval [CI]within each cohort)were calculated as the
number of patients who experienced the event divided by
the observed time at risk expressed per 100 person-years
[PY]. In addition, 95% CIs were calculated using a previously
published method.28 If the CI did not include the null
hypothesis value (“1”), the results were considered to be
statistically significant.29 Adjusted and unadjusted rates
were computed. After PSmatching, the risk for each outcome
was compared between apixaban and VKA and between
rivaroxaban and VKAusing a Cox proportional hazardmodel.
The proportionality assumption was checked by including
the interaction between a time function and exposure (an α
of 0.10 was used) and by visual inspection of the Kaplan–
Meier curves. If the proportionality assumptionwas violated,
time-varying covariates were included in the Cox propor-
tional hazard model. The risk of the selected outcomes
according to treatment of interest was investigated in
time-to-event analyses using the standard Kaplan–Meier
method within the first 6 months after index VTE diagnosis.
Data were censored at death, end of follow-up, discontinua-
tion, or switching of drugs, therefore only on-treatment
analyses for outcomes were conducted. Only the first event
of each type (recurrent VTE, bleeding, etc.) was modeled.
Patients could qualify for each of the clinical events and
death.

Inverse probability treatment weighting (IPTW) was used
as a sensitivity analysis (►SupplementaryAppendixB). IPTW
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also uses PS to obtain estimates of the average treatment
effect.30 The PS was calculated using the same formula as PS
matching (►Appendix A). After IPTW, incidence rates were
calculated as the number of events per 100 PY for bleeding
requiring hospitalization, first recurrent VTE, and all-cause
death. The Cox proportional hazards model was used to
compare outcomes.

Results

Patient Selection and Characteristics
Approximately 1.2 million adult patients were identified in
the Frenchnational health data systemwith a diagnosis of VTE
between January 2013 and June 2018. The study population
included VTE inpatients not previously treated for VTE and
prescribed apixaban (n¼10,440), rivaroxaban (n¼36,922), or
VKA only or LMWH to VKA bridging (n¼10,775) within
30 days after their index VTE encounter (►Fig. 1).

In the full study population (prior to PS matching), the
mean age (SD) was 70.9 (18.4) years and 39.7% were male in
the VKA group (►Supplementary Table S6, available in the
online version). Additionally, mean age (SD) was 65.5 (17.6)
and 47.2% were male in the apixaban group, while mean age
(SD) was 60.1 (17.5) and 51.4% were male in the rivaroxaban
group. Patients in the VKA cohort were, on average, older,
less frequently male, and more frequently had comorbidities
than patients in the apixaban and rivaroxaban cohorts.

After PSmatching, 7,503 patientswere included in each of
the cohorts for the apixaban versus VKA comparison and
9,179 in each of the cohorts for the rivaroxaban versus VKA
comparison (►Table 1). Demographic characteristics were
similar for the two cohorts in the apixaban versus VKA
comparison and in the rivaroxaban versus VKA comparison.
The qualifying event DVT only was found in a minority of
patients (29–33%) while PE with or without DVT was found
in the majority of patients. Comorbidities and concomitant
treatments were also similar across the cohorts.

In the populations included in IPTW sensitivity analysis,
demographics and clinical characteristics were similar
across the cohorts (►Supplementary Table S7, available in
the online version).

Use of Index and Other Therapies
Median duration of treatment was 6 months (►Table 2). The
median follow-up at the 6-month time point in the VKA
versus apixaban and VKA versus rivaroxaban cohorts was
182 days for VKA and 183 days for apixaban and rivaroxaban.
The most common dosage was 5mg for apixaban and a
combination of 15 and 20mg for rivaroxaban. Patients
prescribed VKAs had the highest amount of switching (26%
for both cohorts).

Risk of Bleeding, Recurrent VTE, and All-Cause
Mortality in the Study Population before PS Matching
The total numbers of patients prior to PS matching were:
10,440 prescribed apixaban, 36,922 prescribed rivaroxaban,
and 10,775 prescribed VKAs (►Supplementary Table S8,
available in the online version). The number of patients

and crude event incidence rate (rate per 100 PY [95% CI])
for bleeding requiring hospitalizationwas 0.81% (1.85 [1.50–
2.29]) with apixaban, 1.15% (2.64 [2.41–2.90]) with rivarox-
aban, and 1.98% (5.21 [4.57–5.94]) with VKAs. The crude
incidence rate (rate per 100 PY [95% CI]) for recurrent VTE
was 1.48% (3.38 [2.89–3.94]) with apixaban, 1.89% (4.33
[4.03–4.66]) with rivaroxaban, and 1.89% (4.99 [4.36–
5.70]) with VKAs. The crude incidence rate (rate per 100
PY [95% CI]) for all-cause death was 2.07% (4.71 [4.13–5.36])
with apixaban, 1.19% (2.73 [2.49–2.99]) with rivaroxaban,
and 4.64% (12.23 [11.26–13.27]) with VKAs.

Risk of Bleeding, Recurrent VTE, and All-Cause
Mortality in PS-Matched Cohorts
In the apixaban:VKAmatched cohorts, the incidence rate (rate
per 100 PY [95% CI]) after PS matching for bleeding requiring
hospitalization was 1.64% (4.34 [3.61–5.18]) for VKAs and
0.83% (1.89 [1.45–2.42]) for apixaban (►Supplementary

Table S9, available in the online version). The incidence rate
(rate per 100 PY [95% CI]) for first recurrent VTE was 1.97%
(5.22 [4.41–6.13]) for VKAs and 1.49% (3.41 [2.81–4.11]) for
apixaban. The incidence rate (rate per 100 PY [95% CI]) for all-
cause deathwas 3.67% (9.70 [8.59–10.92]) for VKAs and 2.56%
(5.85 [5.05–6.74]) for apixaban.

In the rivaroxaban:VKA matched cohorts, the incidence
rate (rate per 100 PY [95% CI]) after PS matching for bleeding
requiring hospitalization was 1.76% (4.65 [3.96–5.42]) for
VKAs and 1.72% (3.98 [3.38–4.65]) for rivaroxaban
(►Supplementary Table S9, available in the online version).
The incidence rate (rate per 100 PY [95% CI]) for first
recurrent VTE was 1.87% (4.94 [4.23–5.73]) for VKAs and
1.93% (4.46 [3.82–5.16]) for rivaroxaban. The incidence rate
(rate per 100 PY [95% CI]) for all-cause death was 3.77% (9.93
[8.91–11.03]) for VKAs and 2.67% (6.17 [5.42–6.99]) for
rivaroxaban.

Comparative Analyses

VKA versus Apixaban
The results, after PS matching, at 6 months showed that the
risk of bleeding was significantly lower for apixaban than
VKA for all measures of bleeding including bleeding requir-
ing hospitalization (hazard ratio [HR]¼0.43 [95% CI: 0.32–
0.59]), gastrointestinal bleeding (HR¼0.51 [95% CI: 0.30–
0.87]), intracranial bleeding (HR¼0.38 [95% CI: 0.21–0.70]),
and other bleeding (HR ¼0.41 [95% CI: 0.25–0.65])
(►Supplementary Table S9, ►Fig. 2, and ►Fig. 3). Risks
were also significantly lower for apixaban than VKA for all-
cause death (HR¼0.61 [95% CI: 0.51–0.74]) and first recur-
rent VTE (HR¼0.67 [95% CI: 0.52–0.85]).

The results of the sensitivity analysis using IPTW showed
similar outcomes to the PS matching at 6 months
(►Supplementary Table S10 and ►Supplementary Fig. S1,
available in the online version).

In the sensitivity analysis, the risk for bleeding requiring
hospitalization, all ICD-10 codes or transfusion, was lower for
apixaban than for VKA at 6 months in the PS-matching group
(►Supplementary Table S11, available in the online version).
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VKA versus Rivaroxaban
The results, after PS matching, at 6 months showed that the
risk of intracranial bleeding was significantly lower for
rivaroxaban than for VKA (HR¼0.48 [95% CI: 0.29–0.79]),
but not for bleeding requiring hospitalization (HR¼0.86
[95% CI: 0.69–1.07]), gastrointestinal bleeding (HR¼1.26
[95% CI: 0.87–1.83]), and other bleeding (HR¼0.84 [95%
CI: 0.61–1.17]) (►Supplementary Table S9 [available in the
online version], ►Fig. 3, and ►Fig. 4). Risk was significantly
lower for rivaroxaban than VKA for all-cause death

(HR¼0.63 [95% CI: 0.53–0.74]) but not for first recurrent
VTE (HR¼0.91 [95% CI: 0.74–1.13]).

The results of the sensitivity analysis using IPTW showed
that the riskwas lower for rivaroxaban than VKA for bleeding
requiring hospitalization, all-cause death, and first recurrent
VTE at 6 months (►Supplementary Table S10 and
►Supplementary Fig. S1, available in the online version).

In the sensitivity analysis, the risk for bleeding requiring
hospitalization, all ICD-10 codes or transfusion, was not
lower for rivaroxaban than for VKA at 6 months in the

Fig. 1 Patient inclusion and exclusion criteria. ICD-10, International Classification of Diseases, Tenth Revision; LMWH, low-molecular-weight
heparin; SNDS, Système National des Données de Santé; VKA, vitamin K antagonist, VTE, venous thromboembolism.
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PS-matching group (►Supplementary Table S11, available in
the online version).

Discussion

This study showed that adultswithVTE treatedwith apixaban
had lower risks of bleeding requiring hospitalization, intracra-
nial bleeding, gastrointestinal bleeding, other bleeding,

all-cause death, and first recurrent VTE than patients treated
withVKAs. Also, adultswithVTE treatedwith rivaroxabanhad
lower risks of intracranial bleeding and all-cause death than
patients treated with VKAs. Along with the U.S. claims-based
study,20 this further extends the resultsof theclinical trials toa
real-world setting. The results provide further support for the
established guidelines recommending the use of DOACs over
conventional VTE therapies.3,16,17

Table 2 Index therapy characteristics: PS-matched cohorts

Characteristic VKA vs. apixaban VKA vs. rivaroxaban

VKA
(N¼ 7,503)

Apixaban
(N¼7,503)

VKA
(N¼ 9,179)

Rivaroxaban(N¼ 9,179)

Median
follow-up (d)

182 183 182 183

Treatment pattern up to
6 months, n (%)

Treatment
discontinuationa

119 (1.6) 206 (2.75) 144 (1.6) 349 (3.8)

Treatment
interruptionb

294 (3.9) 714 (9.5) 353 (3.9) 700 (7.6)

Treatment
persistencec

5,136 (68.5) 5,839 (77.8) 6,338 (69.1) 7,103 (77.4)

Switchingd 1,954 (26.0) 744 (9.9) 2,344 (25.5) 1027 (11.2)

Duration of
treatment
up to 6 months
(continuous),
months, median

5.95 5.95 5.95 5.95

Daily dose at treatment
initiation (for DOACs only), n (%)

Apixaban

2.5mg - 502 (6.7) - -

5mg - 6,923 (92.3) - -

2.5 and 5mg - 78 (1.0) - -

Rivaroxaban

10mg - - - 106 (1.2)

15mg - - - 3,213 (35.0)

20mg - - - 914 (10.0)

15 and 20mg - - - 4,864 (53.0)

10 and 15mg - - - 56 (0.6)

10 and 20mg - - - 14 (0.2)

10, 15, and
20mg

- - - 12 (0.1)

Abbreviations: DOAC, direct oral anticoagulant; LMWH, low-molecular-weight heparin; PS, propensity score; VKA, vitamin K antagonist.
aFor DOACs, discontinuation was defined as no evidence of index reimbursement for 30 days from the estimated end of the days of supply of the
index treatment. If an all-cause hospitalization occurred during these days, the length of the hospital stay was deducted from the duration of days
without refilling the treatment.

bDefined as a patient having a gap with no new treatment within 30 days of the estimated end of supply and index therapy being restarted>30 days
after the estimated end of supply.

cDefined as the number of days the patient remained on the index drug with a gap of �30 days between the run-out date of the previous
reimbursement and the following reimbursement. Nonpersistence was defined as discontinuation of index drug or switch to another anticoagulant
during follow-up period.
dPrescription of a different anticoagulant started at least 1 day after the last reimbursement date of the index treatment and within 30 days after the
estimated end of supply of the index drug.
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The results for apixaban were similar to those of the
AMPLIFY phase 3 trial for the bleeding outcome (including
bleeding by site), although patients in the current studywere
older and did not have active cancer. In the current study
apixaban was associated with a reduced risk of recurrent
VTE, whereas the AMPLIFY study showed that apixaban was

noninferior to conventional therapy for risk of recurrent VTE
or VTE-related death.31 Similarly, a U.S. claims database
study showed that major bleeding, clinically relevant non-
major bleeding, and recurrent VTE were all lower with
apixaban than with warfarin, even though patients in the
current study were older.20

Fig. 2 Kaplan–Meier curves for (A) bleeding requiring hospitalization, (B) all-cause death, and (C) first recurrent VTE at 6 months: apixaban
versus VKAs. VKA, vitamin K antagonist; VTE, venous thromboembolism.

Fig. 3 Forest plots of hazard ratios for bleeding requiring hospitalization, gastrointestinal bleeding, intracranial bleeding, other bleeding,
all-cause death, and first recurrent VTE at 6 months for (A) apixaban and (B) rivaroxaban: PS matching analysis. Adjustment on NSAIDs,
antiplatelets, and strong inhibitors (time dependent).CI, confidence interval; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs;
PS, propensity score; VKA, vitamin K antagonist; VTE, venous thromboembolism.

Thrombosis and Haemostasis Vol. 122 No. 8/2022 © 2022. The Author(s).

Effectiveness and Safety of Oral Anticoagulants in the Treatment of Acute VTE Bertoletti et al.1392



For rivaroxaban, our PSmatching results for recurrent VTE
are in line with the results of the EINSTEIN randomized
clinical trials. In EINSTEIN-PE and EINSTEIN-DVT, rivaroxa-
ban was noninferior to conventional therapy for recurrent
VTE.32,33 Superiority for VTE recurrence was not met in the
EINSTEIN-PE study and not assessed in the EINSTEIN-DVT
study. Results for bleeding were also generally similar al-
though endpoints differed. In the EINSTEIN-DVT study, first
major bleeding, clinically relevant nonmajor bleeding, and
major bleeding did not differ between patients receiving
rivaroxaban and those receiving conventional therapy, and in
the EINSTEIN-PE study, major bleeding but none of the other
outcomes differed between rivaroxaban and conventional
therapy. In contrast, in the REMOTEV observational study,
rates of major bleeding and clinically relevant nonmajor
bleeding were significantly lower with rivaroxaban than
with VKAs.34 As in the current study, the rate of all-cause
death was significantly lower with rivaroxaban than with
VKAs in the REMOTEV observational study but not signifi-
cantly lower with rivaroxaban than conventional therapy in
the EINSTEIN studies. The differences in thefindings could be
due to the different characteristics of the study population,
the treatments received, and the study design, but overall,
whether rivaroxaban has a consistent benefit over VKAs
requires further investigation.

In our study, the proportion of patients who switched to
other anticoagulants was higher and persistence was lower
in patients prescribed VKAs than in patients prescribed
either apixaban or rivaroxaban. Similarly, a U.S. commercial
claims database study in patients with active cancer and VTE
showed that drug switching was also more frequent in
patients prescribed LMWH than in patients prescribed apix-
aban.35 Explanations for these results could include in-
creased safety (less major bleeding), less food and drug
interactions, and greater convenience (including no require-
ment for regular laboratory anticoagulation monitoring)
with DOACs than with VKAs or LMWH.36

The results of our study were primarily based on PS
matching and supported by IPTW, although IPTW findings
were slightly different for rivaroxaban, possibly because of
differences in populations and population sizes. For example,
in the IPTW populations (compared with PS-matched pop-
ulations), the patients were on average younger and had a
lower comorbidity burden. In the PS matching cohort, all
patients analyzed received either the intervention or the
control. Thus, PS matching took into account contraindica-
tions and factors that can influence treatment decisions,
such as the perception of bleeding risk and the pharmaco-
logical properties of oral anticoagulants.37 The IPTW cohort
includes a larger population but does not take into account

Fig. 4 Kaplan–Meier curves for (A) bleeding requiring hospitalization, (B) all-cause death, and (C) first recurrent VTE at 6 months: rivaroxaban
versus VKAs. VKA, vitamin K antagonist; VTE, venous thromboembolism.
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contraindications for individual treatments because some
patients may have never received the intervention or control
therapy. IPTWcan also be inaccuratewhen overlap is poor in
patient populations and may falsely indicate a difference
when sample sizes are large.38

A strength of this study was that data were from a large
national database that included roughly 99% of the French
population with a single payer which limits selection bias in
the study. Moreover, the patients included in the study also
had access to universal health care, unlike in the United
States. Additionally, our results were consistent across sen-
sitivity analyses. To our knowledge, this is one of the largest
European observational studies on DOACs and VKAs in
patients with acute VTE, which provided high statistical
power to detect differences. A potential limitation of this
study was that it included only patients who were hospital-
ized because diagnostic codes and a validated algorithm for
identifying outpatients with VTE were unavailable. Also,
most of the patients in the current study had PE (with or
without DVT). Therefore, the study excluded patients with
less severe VTE and may also have excluded some patients
because of missing or incorrect diagnostic codes. Another
potential limitation was that treatments given to patients
while in the hospital were not identified and those adminis-
tered after hospital release had to be assumed based upon
packaging. These issues, however, should have been similar
between patient cohorts. Future work should include
patients with active cancer, which was not included in the
current study due to insufficient numbers. Additionally, the
quality of VKA management could not be assessed in this
study as international normalized ratio (INR) data are not
coded in SNDS. This means that patients with significant
time outside of their designated therapeutic range may be
included in the analysis. Low time in therapeutic range may
lead to poor outcomes in the VKA population but is reflective
of real-world outcomes for patients treated with VKAs.
Previous studies in France estimate inadequate INR control
(as low as 50% considered to have well-controlled time in
therapeutic range) in patients treated with VKAs across
indications.39–41 Furthermore, only recurrent events
recorded in the hospital, and not in outpatient settings,
were included which may have led to an underestimation
of events. However, the approach of using hospital diagnoses
maximizes the positive predictive value of identifying valid
recurrent VTE events which improves the validity of the
study. Moreover, themajority of patients with recurrent VTE
on anticoagulant therapy are managed in the hospital and
not as outpatients. Lastly, 1:1 PS matching analysis was
conducted, which is the most common approach for PS
matching.42 The advantages of PS matching include being
able to directly compare treated and untreated individuals.
In our analysis, once a control patient was matched with an
intervention patient, they were no longer available to be
matched to other intervention patients. Differences in pa-
tient characteristics and the fact that there was a maximum
of 10,775 patients in the control (VKA arm) resulted in
patients being excluded from the primary analysis, which
may have resulted in some selection bias. However, given the

large numbers of patients included in this study, this did not
impact the statistical powering of the study to be able to
detect differences in any of the outcomes. As discussed
above, results from the primary analysis are supported by
IPTW analyses that included most patients.

In conclusion, the results of our study are in line with
clinical trials and those of previous observational studies,
both in terms of safety and effectiveness.20–22 To our knowl-
edge, this is the first nation-wide European observational
study evaluating the safety and effectiveness of both apixaban
and rivaroxabancomparedwithVKAs inacuteVTE.Our results
suggest that apixabanmayoffer better effectiveness and safety
over VKAs for the treatment of VTE in patients without active
cancer. This study also suggested some benefit of rivaroxaban
over VKAs. Overall, these results support recommendations to
use DOACs over VKAs for the treatment of VTE.

What is known about this topic?

• Conventional therapy (low-molecular-weight heparin
followed by vitamin K antagonists) for venous throm-
boembolism is associatedwith increased risks ofmajor
bleeding.

• Results from clinical trials showed that direct oral
anticoagulants were able to reduce risks of bleeding,
with a similar efficacy, compared with conventional
therapy.

• To complement clinical trial data, real-world evidence
is needed to inform about the relative efficacy and
safety of direct oral anticoagulants in a broader
population.

What does this paper add?

• This retrospective study on venous thromboembolism
treatments using a French national database showed
that effectiveness and safety were better with direct
oral anticoagulants (apixaban and rivaroxaban) than
with vitamin K antagonists in patients with no active
cancer.

• This study adds additional real-world evidence and
complements results from clinical trials in a broader
population.
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