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ABSTRACT

Introduction: Apixaban has been shown to be
superior to warfarin in patients with non-
valvular atrial fibrillation in the randomized
ARISTOTLE trial and its use is recommended in
current guidelines. There are only scarce data
about its use, efficacy, and safety in unselected
patients in Germany.
Methods and Results: The APAF registry is a
prospective non-interventional study enrolling

5015 patients with non-valvular atrial fibrilla-
tion. Of these, 1349 (26.9%) patients were ini-
tially treated with apixaban and followed up at
3 and 12 months. The dose of apixaban used
was 1 9 2.5 mg in 1.6%, 2 9 2.5 mg in 30.4%,
and 2 9 5 mg daily in 68.0% of patients,
respectively. Inappropriate underdosing of
apixaban was observed in 22.3%, mostly in
elderly patients with higher HAS-BLED Score
and a history of bleeding. Persistence to apixa-
ban after 1 year was 88.6%, while the dose was
changed in 3.7% of patients. Switching to other
NOACs or VKAs occurred in 5.1%. After
12 months, all-cause mortality was 5.0%, non-
fatal stroke occurred in 0.4%, non-fatal
myocardial infarction in 0.6%, ISTH major
bleeding in 0.8%, moderate or minor bleeding
in 4.3% of patients, respectively.

Digital Features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12514343.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s40119-
020-00188-1) contains supplementary material, which
is available to authorized users.

U. Zeymer (&)
Klinikum Ludwigshafen, Ludwigshafen, Germany
e-mail: uwe.zeymer@t-online.de

U. Zeymer � C. Lober
Institut für Herzinfarktforschung Ludwigshafen,
Ludwigshafen, Germany

A. Wolf
Kardiologische Praxis, Stahnsdorf, Germany

F. Richard
Praxis Dr. Richard, Erfurt, Germany

H. Schäfer
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Conclusions: In this prospective experience in
unselected patients with atrial fibrillation, per-
sistence to apixaban was high, and efficacy and
safety were comparable to the results in clinical
trials, supporting its use in clinical practice.

Keywords: Atrial fibrillation; Apixaban;
Prospective registry; Persistence

Key Summary Points

Why carry out this study?

Little is known about the persistence,
efficacy, and safety of apixaban in patients
with atrial fibrillation in real life.

This study prospectively studied
adherence, reasons for discontinuation,
and events of patients with atrial
fibrillation that were prescribed apixaban.

What was learned from the study?

A total of 1349 patients were treated with
apixaban and followed up at 3 and
12 months. Inappropriate underdosing of
apixaban was observed in 22.3%, mostly
in elderly patients with higher HAS-BLED
Score and a history of bleeding.
Persistence to apixaban after 1 year was
88.6%. Switching to other NOACs or VKAs
occurred in 5.1%. After 12 months all-
cause mortality was 5.0%, non-fatal stroke
occurred in 0.4%, non-fatal myocardial
infarction in 0.6%, ISTH major bleeding in
0.8%, moderate or minor bleeding in 4.3%
of patients, respectively.

Therefore the results from the randomized
trials with apixaban can be translated to
its performance in real life.

INTRODUCTION

Apixaban is an oral factor Xa inhibitor [1],
which has been tested [2, 3] and approved for
the prevention of systemic embolism or stroke

in non-valvular atrial fibrillation. In the large
ARISTOTLE phase 3 study, apixaban was supe-
rior to warfarin. It reduced the primary end-
point of stroke or systemic embolism, caused
less bleeding, and reduced all-cause mortality
[3]. Subsequently, apixaban has been approved
by the European Medicines Agency for use in
patients with atrial fibrillation and is recom-
mended in the current guidelines of the Euro-
pean Society of Cardiology [4, 5]. Previous
reports about real-world experience of apixaban
derive mostly from retrospective analyses of
insurance and claims data [6–8], which is asso-
ciated with a number of limitations. It is
therefore of scientific interest to assess the use
of apixaban in daily practice with respect to
patient selection, persistence of therapy, and
midterm embolic and bleeding events in a
prospective manner. Therefore, we conducted a
prospective study with the use of apixaban in
patients with atrial fibrillation in a real-world
setting.

METHODS

The APixaban in Atrial Fibrillation (APAF) Reg-
istry was a prospective non-interventional,
multicenter study in consecutive patients with
non-valvular atrial fibrillation. The registry was
an observational study and patient’s participa-
tion in this study had no impact on his or her
indication for treatment, diagnostics, or ther-
apy. Subjects were supposed to be treated
according to current international and national
guidelines and the site’s internal guidelines.
Treatment patterns and treatment initiation,
continuation, or changes were solely at the
discretion of the physician and the patient. All
drug subscriptions applied were in the usual
standard of care. Participation in the registry did
in no way influence payment or reimbursement
for any treatment received by subjects during
the study. The registry has been registered
under ClinicalTrials.gov identifier number NCT
02563639.
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Patients

Inclusion criteria were age[18 years, non-
valvular atrial fibrillation, and written informed
consent. The only exclusion criterium was par-
ticipation in any randomized trial. The planned
sample size of 5000 guaranteed that the pro-
portion of interesting subgroups (for example,
patients treated not according the current
guidelines) representing 10% of register popu-
lation could be estimated with a precision (half-
width of a 95% CI) of 1% or better. For all
patients treated with apixaban at baseline, a
long-term follow-up was performed for at least
12 months. The follow-ups of patients treated
with apixaban were performed centrally using a
standardized patient interview (telephone call)
at 3 and 12 months. In case of embolic,
ischemic bleeding, or any other adverse events,
the treating physician was asked for a patient
chart for verification. If the patient was not
accessible by phone, local registration offices
were contacted for further information.

Quality Control

Thirty on-site monitoring visits were performed
at 30 sites. Fifteen sites were selected randomly,
while 15 other sites were selected based on
remote data checks, enrolment rates, and other
reasons. During on-site monitoring, the fol-
lowing details were checked for accuracy, com-
pleteness, and consistency: investigator site file
for completeness, patient informed consent of
all patients at site, protocol violations, source
data verification of five patients per site, AE/SAE
reporting, and follow-up. Monitoring reports
were written after each visit and sent to the site
to resolve open issues. Overall, all open issues
were resolved; no site was excluded from the
study.

Ethics Compliance

The registry has been approved by the ethics’
committee of Landesärztekammer Rheinland-
Pfalz and the ethic committees of the partici-
pating centers.

The study was initially reviewed by an
Independent Ethics Committee (IEC). A favor-
able opinion was provided by the ethics com-
mittee (Ethik-Kommission der Landesär
ztekammer Rheinland-Pfalz) on 28-AUG-2015,
No. 837.279.15 [10,047].

The following ethics committees were addi-
tionally involved (with date of IEC favorable
opinion): EK Schleswig–Holstein (19.10.201),
EK Hessen (22.10.2015), EK Niedersachsen
(26.10.2015), EK Uni Lübeck (02.11.2015), EK
Thüringen (03.11.2015), EK Brandenburg
(10.11.2015), EK Sachsen (11.11.2015), EK Uni
Rostock (11.11.2015), EK Baden-Württemberg
(01.12.2015), EK Sachsen-Anhalt (02.12.2015),
EK Uni Greifswald (02.12.2015), EK Saarland
(08.12.2015), EK Hamburg (11.12.2015), EK
Nordrhein (30.12.2015), EK Westfalen-Lippe
(14.01.2016), EK Bremen (01.03.2016), EK Uni
Heidelberg (28.04.2016), EK Uni Mannheim
(17.06.2016), EK Uni Düsseldorf (22.06.2016),
EK Erlangen (26.07.2016), EK Uni Dresden
(28.07.2016), EK Uni Tübingen (15.09.2016), K
Charité Berlin (28.10.2016).

The initial favorable opinion of the Ethik-
Kommission der Landesärztekammer Rhein-
land-Pfalz was accepted by the following IECs
without the need to submit the study addi-
tionally: EK Berlin and EK Bayern.

After receiving a favorable opinion, patient
enrolment could be initiated. Every patient
participating in the study had to sign an
informed consent form allowing data
processing.

The study was conducted in accordance with
the ethical principles that have their origins in
the Declaration of Helsinki.

The patients’ privacy was kept according to
the requirements of Directive 95/46 EC and
national legislation for data protection. Data
were collected in a pseudonymous way. An
identification number assigned to each patient
was used in lieu of the patient’s name to protect
the patient’s identity when reporting registry-
related data.
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Definitions

Major bleeding was defined according to the
ISTH definition [9]. All other bleedings were
classified as moderate or minor bleedings.
Stroke was defined as an acute new neurological
deficit ending in death or lasting longer than
24 h, and classified by a physician as a stroke.
Stroke was classified as hemorrhagic (cranial CT,
MRI, or autopsy) or non-hemorrhagic. Persis-
tence was defined as the duration of time from
baseline to discontinuation of apixaban.

Statistics

The statistical analysis of the APAF Registry was
of exploratory nature. A biometrical report
including descriptive statistics of all docu-
mented parameters was generated. Due to the
exploratory nature of the survey, formal statis-
tical tests were not performed. Binary, categor-
ical, and ordinal parameters were described
using absolute numbers and percentages, con-
tinuous/numerical variables by means of stan-
dard statistics (i.e., mean, standard deviation,
minimum, median, maximum, lower, and
upper quartile). For exploratory purposes,
logistic regression analyses were conducted to
identify independent predictors of the use of
apixaban or the discontinuation of apixaban.

RESULTS

During the enrolment period from September
2015 to January 2017, a total of 102 hospitals
and specialized and non-specialized office-based
centers in Germany enrolled patients. Ulti-
mately, 5015 patients were included in the
study. Among those, 1349 (26.9%) patients
were treated with apixaban and prospectively
followed up at 3 and 12 months. The baseline
characteristics of patients treated with apixaban
and without apixaban are given in Table 1. The
non-apixaban patients were treated without
antithrombotic therapy in 3.7%, with a platelet
inhibitor in 3.1%, with a vitamin K antagonist
in 31.6%, with dabigatran in 6.5%, with edox-
aban in 6.5% and with rivaroxaban in 23.7%.

The mean age of the patients was 74.2 years,
while the majority of patients were 75 years of
age or older (57.3%) and 44% of the patients
were female. In Table 2, independent factors for
the use of apixaban are given, which included
prior stroke and heart failure, while the other
factors did not influence the use of apixaban.

The dose of apixaban used was 1 9 2.5 mg in
1.6%, 2 9 2.5 mg in 30.4%, and 2 9 5 mg daily
in 68.0% of patients, respectively. Based on the
label (two of three factors present:
age C 80 years, creatinine C 1.5 mg/dl, body
weight B 60 kg, or GFR 15–29 ml/min or a GFR
of 15–29 ml/min) an indication for the reduced
dose of 2 9 2.5 mg was present in 10.2% of the
patients treated with apixaban. Important
baseline characteristics of the 301 patients
(22.3%) with a reduced dose of apixaban not
indicated by the label are shown in Table 3.
Additional antiplatelet therapy was given in
5.4% of the apixaban patients, with dual anti-
platelet therapy reported in 1.7%.

A prospective 3- and 12-month follow-up
was performed in 1337 (99.1%) and 1279
(94.8%) patients of the 1349 patients initially
treated with apixaban, respectively. The persis-
tence to apixaban during the 12-month follow-
up was 88.6%. Figure 1 depicts the cumulative
rate of patients with continuous treatment with
apixaban during follow-up. Apixaban was dis-
continued by the patient himself in 4.0% (5/
126), by the general practitioner in 31.0% (39/
126), by the treating cardiologist in 37.3% (47/
126), and by hospitals in 27.8% (35/126). Rea-
sons for apixaban discontinuation were as fol-
lows: bleeding in 8.0% (10/126), falls in 2.4%
(3/126), surgery in 8.0% (10/126), return to
sinus rhythm in 13.6% (17/126), side effects in
12.8% (16/126), other concomitant diseases in
3.2% (4/126), and for other reasons and
unspecified in 61.6% (77/126). We could not
identify independent predictors for discontinu-
ation of apixaban in the multivariate regression
analysis. Apixaban therapy was interrupted in
3.3% of patients, with one interruption in
78.6%, two interruptions in 16.7%, and more
than two interruptions in 4.8% of the latter,
respectively. A change in the dose of apixaban
during the 12-month follow-up was reported in
3.7% of patients. At 12-month follow-up, 2.0%
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Table 1 Baseline characteristics of patients with atrial fibrillation treated with and without apixaban

Apixaban (n = 1349) No apixaban (n = 3666) p value

Mean age (years) 73.9 74.3 0.2

Age C 75 years 54.9% 58.1% 0.06

Women 48.0% 43.4% \ 0.01

Paroxysmal AF 52.2% 43.8% \ 0.0001

Persistent AF 27.2% 20.5%

Permanent AF 20.7% 35.7%

Prior cardioversion 30.1% 27.6% 0.8

Prior pulmonary vein isolation 7.0% 8.5% 0.09

Prior left atrial appendage occlusion 0.4% 1.1% \ 0.05

Prior pacemaker 13.2% 16.7% \ 0.01

Prior ICD and CRT 4.9% 5.0% 0.9

Coronary artery disease 29.7% 35.5% \ 0.01

Prior myocardial infarction 10.1% 11.7% 0.5

Heart failure 33.0% 39.7% \ 0.001

Reduced left ventricular function 39.5% 45.5% \ 0.01

Prior stroke 11.5% 11.0% 0.6

Prior TIA 5.7% 4.6% 0.12

Diabetes mellitus 27.5% 30.7% \ 0.05

Hypertension 84.7% 87.0% \ 0.05

GFR\ 60 ml/min 37.3% 38.6% 0.48

Prior major ISTH bleeding 1.4% 2.5% \ 0.05

Prior moderate or minor bleeding 3.6% 3.7% 0.8

Mean CHADS-VASc score 3.76 3.89 \ 0.01

CHADS-VASc SCore

0 1.6% 1.9%

1 6.2% 4.9%

2–4 60.9% 58.7%

[ 4 31.4% 34.5%

Mean HAS-BLED score 2.14 2.30 \ 0.001

HAS-BLED score

0–1 21.7% 16.4%

2 48.4% 46.6%

[ 3 29.9% 37.0%
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were on 2.5 mg, 31.8% on 2 9 2.5 mg, and
66.2% on 2 9 5 mg daily, respectively.

Switching to other NOACs (3.6%) and VKAs
(1.5%) occurred in 5.1% of patients.

During the 12-month follow-up, 5% of the
patients died. The rate of stroke or systemic
embolism during follow-up is given in Table 4.
ISTH major bleeding complications during

Table 2 Independent predictors of apixaban treatment in the logistic regression model

Variable Odds ratio 95% Confidence interval

Age 1.01 0.99–1.02

Male 0.86 0.73–1.01

Body weight 0.99 0.994–1.003

EF\ 40% 1.06 0.95–1.18

Heart Failure 0.77 0.65–0.91

GFR\ 60 ml/min 1.0 0.98–1.02

Diabetes mellitus 0.96 0.81–1.13

Prior bleeding 0.84 0.49–1.46

HAS-BLED score 0.91 0.80–1.02

Prior stroke 1.29 1.01–1.66

Table 3 Baseline characteristics and 1-year outcomes of patients with adequate and inadequate dosing of apixaban

Adequate dosing (n = 1048) Inadequate dosing (n = 301) p value

Mean age 72.7 years 77.2 years \ 0.001

Women 46.5% 52.5% 0.06

Mean CHADS-VASc 2 score 3.6 4.1 \ 0.001

Mean HAS-BLED score 2.0 2.5 \ 0.001

HAS-BLED score [ 3 26.1% 46.8% \ 0.001

History of severe bleeding 1.0% 2.7% 0.06

Severe bleeding under anticoagulation 0.7% 1.7% 0.07

History of moderate bleeding 2.8% 6.0% \ 0.05

GFR 30–59 27.1% 53.8% \ 0.0001

Additional antiplatelet therapy 4.5% 11.0% \ 0.001

1-year outcomes

Stroke 0.6% 0.3% 0.57

Major bleeding 0.9% 1.3% 0.48

Death 4.8% 6.3% 0.31
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follow-up were reported in 0.8% of patients.
The rate of cardiac and non-cardiac procedures
was high, about one-third of the patients had an
invasive procedure (Table 4).

DISCUSSION

To the best of our knowledge, APAF represents
the first nationwide prospective non-interven-
tional study investigating the use, persistence,
safety, and efficacy of apixaban in patients with
non-valvular atrial fibrillation in a real-life set-
ting in Germany. Apixaban was launched in
Germany in November of 2011. In April of
2013, the Federal Joint committee of Germany
(GBA = Gemeinsame Bundesausschuß) issued a
statement indicating a hint for minor addi-
tional benefit of apixaban for the treatment of
patients with non-valvular atrial fibrillation
[10]. We started our registry in September of
2015, so that a realistic picture of the use of
apixaban in Germany can be expected.

From a total of 5015 patients, about 27%
were treated with apixaban. Independent pre-
dictors for and against the use of apixaban
included prior stroke (for) and heart failure

(against), while all other variables were not
related to apixaban use.

One problem of long-term oral anticoagula-
tion is the adherence to this therapy. Previous
reports suggest a rapid decline in adherence to
oral anticoagulation with vitamin K antagonists
within the first years [11, 12]. With the advent
of the NOACs, higher adherence rates have
been reported [13, 14, 15]. A retrospective
analysis of primary care data in Germany
reports about a persistence to apixaban after 1
year in 62.9% with apixaban and 57.5% with
VKAs [16]. In the randomized AEGEAN study
investigating the effect of an educational pro-
gram on the adherence and persistence to
apixaban therapy, adherence and persistence
with apixaban therapy after 48 months was
about 90% and 86%, respectively [17]. This
matches favorably with our experience, in
which we observed an 88% persistence to
apixaban after 12 months. The fact that patients
had to provide informed consent might imply
that a positive selection of patients with a better
compliance were included into APAF. However,
our results suggest that adherence to and per-
sistence of oral anticoagulation with a NOAC
seems to be improved in those with VKAs in
historic controls [11, 12].

Physicians tend to underdose antithrom-
botic drugs, especially oral anticoagulants
because of the fear of bleeding complications.
In APAF, about 22% of patients were treated
with a reduced dose of apixaban not recom-
mended by the label. These patients were older,
had a higher rate of previous bleedings, and a
higher HAS-Bled score. In a single-center expe-
rience, 23% of patients were either under- or
overdosed with NOACs [18]. In larger popula-
tions, the rate of inappropriate dosing of apix-
aban ranged between 15 and 20% [19–21]. The
reports about the consequences of inadequate
underdosing are conflicting [19–21]. It might
very well be that the clinical judgement of the
treating physician with respect to appropriate
dose of the patient is as good as the recom-
mendations given in the label. In APAF in
underdosed patients, we did observe an increase
in stroke or mortality.

The overall 1-year mortality in APAF was
higher than in the randomized trials [2, 3]

Fig. 1 Persistence to apixaban during follow-up
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Table 4 Events and procedures during 12-month follow-up

Event n %

Death 67 5.0%

Cardiovascular death 10 0.7%

Non cardiovascular death 15 0.7%

Unspecified 42 0.7%

Non-fatal myocardial infarction 8 0.6%

Non-fatal stroke or TIA 6 0.4%

Major bleeding 11 0.8%

Moderate or minor bleeding 58 4.3%

Cardiovascular procedures

Pacemaker implantation 54 4.0%

Cardioversion 70 5.2%

Pulmonary vein isolation 72 5.4%

Interventional left atrial appendage occlusion 1 0.1%

Coronary angiography 56 4.2%

PCI 27 2.0%

CABG 3 0.2%

Heart valve implantation or surgery 10 0.7%

Non-cardiac procedures and surgery 304 22.7%

Fig. 2 Annual rates of all-cause mortality, stroke, myocardial infarction, and ISTH major bleeding in AVERROES [2],
ARISTOTLE [3], and APAF
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(Fig. 2), possibly reflecting the higher-risk pop-
ulation in APAF. On the other hand, the rates of
non-fatal stroke and non-fatal myocardial
infarction were lower. It might be possible that
we missed a number of fatal strokes and
myocardial infarctions because the cause of
death was undetermined in two-thirds of the
patients.

Recently, two other prospective registries
performed in patients with non-valvular atrial
fibrillation treated with rivaroxaban [22] and
edoxaban [23] have been published. In the
XANTUS registry with rivaroxaban, the mean
CHADS-VASc score was 3.4% and in the ETNA-
AF registry with edoxaban it was 3.1, while we
observed a score of 3.8 in the apixaban treated
patients. The total mortality rates after 1 year
were 1.9% in XANTUS, 3.6% in ETNA-AF, and
5.0% in APAF, and corresponding stroke rates
were 0.8, 0.8, and 0.4%, respectively. These
results demonstrate that despite comparable
patient characteristics, outcomes are different,
especially with respect to mortality. This is
mainly related to the extent of co-morbidities,
which majorly influences total mortality.
Therefore, the APAF registry seems to have
included a non-selected cohort of patients,
representing a ‘‘real-world’’ experience of
NOACs. In this context, the low rate of major
bleeding in this high-risk population is
reassuring.

LIMITATIONS

We also intended to enroll consecutive patients
a selection bias because of the need for
informed consent cannot be ruled out. The
cause of death could not be determined in two-
thirds of the patients, leaving the possibility of
an underestimation of the total stroke and
myocardial infarction rate. In addition, minor
and moderate bleeding is often underreported
in registries.

CONCLUSIONS

In this large prospective non-interventional
study, adherence to apixaban after 12 months

was high, while the reported rates of non-fatal
embolic, ischemic, and bleeding events were
low. These results are in line with the findings
of randomized trials and support the use of
apixaban in clinical practice.
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