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Abstract

Background Non-vitamin K antagonist oral anticoagu-
lants (NOACS) are at least as effective and safe as vitamin
K antagonists (VKAs) for stroke prevention in atrial fibril-
lation (AF). All pivotal trials have compared NOACs to
warfarin. However, other VKAs are commonly used, for
instance phenprocoumon.

Fatients and methods A retrospective cohort study using
a German claims database assessed the comparative risks
of bleeding leading to hospitalization during therapy with
NOACs and phenprocoumon in AF patients. Endpoints
consisted of major bleeding, gastrointestinal bleeding, and
any bleeding. Data were collected from January 1, 2013
to March 31, 2015. Patients newly initiated on dabigatran,
apixaban, rivaroxaban, or phenprocoumon were included.
Hazard Ratios for bleeding events were derived from Cox
proportional hazard models, adjusting for differences in
baseline characteristics. Propensity score matching was
performed as a sensitivity analysis.

Results A total of 35,013 patients were identified, includ-
ing 3138 on dabigatran, 3633 on apixaban, 12,063 on
rivaroxaban, and 16,179 on phenprocoumon. Patients
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prescribed apixaban or phenprocoumon were older com-
pared to those on dabigatran or rivaroxaban and had a
higher CHA,DS,-VASc score. After adjusting for baseline
confounders, apixaban was associated with lower risks of
major bleeding (HR 0.68, 95% CI 0.51-0.90, p =0.008),
gastrointestinal bleeding (HR 0.53, 95% CI 0.39-0.72,
p<0.001), and any bleeding (HR 0.80, 95% CI 0.70-0.92,
p=0.002) compared to phenprocoumon. There were no
significant differences in bleeding risk between dabigatran
and phenprocoumon. Rivaroxaban was associated with
more gastrointestinal bleeding (HR 1.39, 95% CI 1.21-
1.60, p<0.001) and any bleeding (HR 1.19, 95% CI 1.10-
1.28, p<0.001). Sensitivity analysis using propensity score
matching confirmed these observations.

Conclusions Apixaban therapy is associated with a sig-
nificantly reduced risk of bleeding compared to phenpro-
coumon. Bleeding risk with dabigatran was similar to that
of phenprocoumon but bleeding risk with rivaroxaban was
higher.

Keywords Atrial fibrillation - Major bleeding -
Phenprocoumon - Apixaban - Dabigatran - Rivaroxaban

Introduction

Atrial fibrillation (AF) is the most common sustained
arrhythmia in clinical practice with an overall prevalence
of around 2% in the general population [1]. AF is associ-
ated with significant morbidity and mortality, mostly due
to thromboembolic complications such as stroke or periph-
eral embolism and heart failure. The risk of stroke can be
effectively reduced by oral anticoagulation (OAC) which in
the past was predominantly achieved by administering vita-
min K antagonists (VKAs). Since 2009, four non-vitamin
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K oral antagonists (NOACs) have been tested and approved
for stroke prevention in AF. These large randomized con-
trolled trials have demonstrated that NOAC therapy is at
least as effective as and probably safer than treatment with
VKAs [2-5]. All pivotal trials have evaluated NOACSs
against therapy with warfarin. However, in some regions of
the world, the most commonly used VKA is phenprocou-
mon, for instance in Germany. This VKA differs in pharma-
cokinetic and pharmacodynamic properties from warfarin;
most notably, phenprocoumon has a very long elimination
half-life (110-130 h) compared to warfarin (35-40 h) [6].
Although German authorities considered phenprocoumon
to be equivalent to warfarin with respect to the observed
anticoagulant effects in the phase III trials, no actual data
exist comparing this specific VKA to any of the NOACs.
Hence, the current real-world study aimed to assess and
compare bleeding profiles among German patients with
non-valvular AF who were new users of phenprocoumon or
apixaban, dabigatran, or rivaroxaban.

Methods
Study design and data source

The retrospective CARBOS study [CompArative Risk of
major Bleeding with new Oral anticoagulantS (NOACsS)
and phenprocoumon in patients with atrial fibrillation] is
based on an anonymized research database from the Health
Risk Institute (HRI) [7, 8]. As a post-authorization safety
study (PASS), the study is registered at the European Med-
icines Agency and the protocol is published under http://
www.encepp.eu/encepp/viewResource.htm?id=14218.
The HRI performs independent statistical analyses on
anonymized claims data for patient-level risk predic-
tion, outcome research, and patient safety. The HRI data-
base comprises longitudinal information on medical and
drug claims from an age- and gender-representative sam-
ple of about 4 million statutory health-insured subjects
in Germany, representing approximately 5% of the total
population.

Data available from each medical claim include date/
quarter of service, place of service, diagnoses [Interna-
tional Statistical Classification of Diseases and Related
Health Problems, 10th revision, German Modification
(ICD-10-GM)], and procedures performed/services ren-
dered. Data available for each drug claim include the agent
dispensed [as set forth by the Anatomical Therapeutic
Chemical (ATC) System], dispensing/prescription date,
and quantity dispensed. Selected demographic and eligi-
bility information (including age/year of birth, sex, dates
of enrollment) is also available for subjects in the HRI
Database. All data can be arrayed to provide a detailed

chronology of medical and pharmacy series used by each
insured member over time.

All patient-level data in the HRI Research Database
are de-identified to comply with German data protection
regulations. Use of the study database for health services
research is therefore fully compliant with German fed-
eral law and, accordingly, IRB/ethical approval was not
applicable.

Study population

Adult patients (=18 years) with non-valvular AF were
identified who were new users of apixaban, dabigatran,
rivaroxaban, and phenprocoumon between January 1, 2013
and December 31, 2014 (Fig. 1). A new user was required
to have no prior prescription for any of the above-listed
substances in the 12 months before initiation of medication.
If a patient ever used NOACs or phenprocoumon during
the study period, the first prescription was defined as the
index medication and the date of this first prescription as
the index date. At the time of data collection, edoxaban was
not yet approved for stroke prevention in AF, and hence no
data for this anticoagulant were available. Patients were
excluded if they were not continuously represented in the
HRI Database for at least 1 year prior to January 1, 2013,
which was defined as the baseline period. All patients were
required to have at least one primary or secondary hospital
discharge diagnosis of AF in the previous or same quarter
of the index date or—alternatively—at least two ambula-
tory verified diagnoses of AF in the period between Janu-
ary 1, 2010 and the index date. Patients with valvular AF,
deep vein thrombosis, hemodialysis, pregnancy, or anti-
coagulation therapy (i.e., heparin, low-molecular weight
heparin, vitamin K antagonists, or NOACs) for any other
indication during the four quarters prior to or on the index
date were excluded.

Study endpoints

The primary study endpoint was a documented major
bleeding event. Secondary endpoints were gastrointestinal
bleeding events or any bleeding events. A composite net
clinical outcome consisting of ischemic stroke, systemic
embolism, or major bleeding was defined as a tertiary end-
point. Bleeding events that occurred on treatment, defined
as the time from the first prescription until the end of the
study period, discontinuation of treatment, death, end of
continuous enrollment, or switching to another OAC, were
included.

Major bleeding consisted of an emergency hospital
admission with an ICD-10-GM hospital discharge diag-
nosis. Gastrointestinal bleeding was defined as bleeding
at any time during exposure time with localization in the

@ Springer


http://www.encepp.eu/encepp/viewResource.htm?id=14218
http://www.encepp.eu/encepp/viewResource.htm?id=14218

620

Clin Res Cardiol (2017) 106:618-628

Fig. 1 Patient selection flow-
chart

NOAC or phenprocoumon new initiators in 2013 or 2014 with at least one year
of baseline enroliment prior to index treatment.
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gastrointestinal tract and documented ICD-10-GM hospi-
tal discharge diagnosis. Any bleeding was defined using
pre-specified primary or secondary ICD-10-GM hospital
discharge diagnoses at any time (see Table S1 of the Sup-
plementary Appendix).

We used the drug claims to determine patient’s treat-
ment periods, defined as the time from the initial pre-
scription to the date with no residual days of drug supply.
A maximum gap of 30 days between treatment periods
was allowed. Patients were considered to be continuing
on treatment as long as they had another medication pre-
scription within 30 days of the end of the last treatment
period. In addition to this conservative approach, we con-
ducted a sensitivity analysis by changing the allowable
gap to 2 days for NOACs and 10 days for phenprocou-
mon, with largely unchanged findings.

@ Springer

Statistical analysis

Baseline characteristics were presented descriptively.
Unadjusted event rates were estimated for each treatment
group and were expressed per 100 person-years. Cox pro-
portional hazard models were used to estimate the hazard
ratios (HRs) of major bleeding, gastrointestinal bleeding,
any bleeding, and net clinical outcome adjusted for pre-
specified baseline demographics and clinical factors. The
variables that entered the final models were chosen on
medical considerations and by using Akaike Information
Criteria feature selection process [9], i.e., some variables
like age, sex, Charlson comorbidity index, number of
hospitalizations, and HAS-BLED score were forced into
the model, whereas the others were chosen on empirical
basis. The proportional hazard assumption was tested on
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the basis of Schoenfeld residuals [10] and was valid for
all outcomes.

Sensitivity analyses

First, to assess the impact of different dosages on the pri-
mary findings the risk of major bleeding, gastrointestinal
bleeding, and any bleeding was compared to phenpro-
coumon only for those patients who received the highest
approved dose of NOACs only (2x5 mg/day for apixaban,
2% 150 mg/day for dabigatran, 1x20 mg/day for rivar-
oxaban). Second, the respective risks of different bleeding
events for each treatment were compared when prescribed
in the study period or until death or the end of the insur-
ance status. Hence, the date of a switch or of discontinu-
ation of the OAC treatment was not used as a censoring
date. Instead, the exposure times of patients who switched
from one substance to another were assessed based on their
actual exposure time under each successive anticoagulant
they received during follow-up. Additionally, we applied
a marginal structural model of Cox proportional hazards
with inverse probability treatment weighting (MSM Cox
PH) [11, 12]. This model allows to obtain unbiased esti-
mates of treatment effects on outcome variables, when (i)
the treatment changes over time and (ii) in the presence of
time-dependent covariates that may simultaneously be con-
founders (possibly affected by prior treatment) and interme-
diate variables (predict both subsequent treatment and sub-
sequent outcome). This analysis was performed to assess
whether primary findings using the on-treatment approach
would be affected by a different censoring process. Third,
propensity score matching was used as an alternative
to adjustment for baseline characteristics by means of a
regression model [13]. Three matched cohorts (apixaban
vs. phenprocoumon, dabigatran vs. phenprocoumon, and
rivaroxaban vs. phenprocoumon) were created using 1:1
propensity score matching without replacement and with
a caliper of 0.01. Propensity scores for NOAC treatment
were estimated using logistic regression which included
information on the same baseline characteristics that were
used in the main analysis. Standardized mean differences
were used to assess the balance of baseline characteristics
after matching. A standardized difference <10% indicates
a negligible difference in baseline characteristics and bal-
anced matched cohorts. A Cox proportional hazard model
was used to compare endpoints in each of the propensity
score-matched cohorts. Because all baseline characteristics
were balanced after propensity score matching, the Cox
model included only treatment (a NOAC or phenprocou-
mon) as the independent variable.

All analyses were conducted using SAS 9.3 (SAS Insti-
tute Inc.) and R 3.1.0. Statistical significance was assumed
with a two-sided p value <0.05.

Results
Patient population

Among 35,013 eligible patients, 3633 (10.4%) were ini-
tiated on apixaban, 3138 (9.0%) on dabigatran, 12,063
(34.5%) on rivaroxaban, and 16,179 (46.2%) on phenpro-
coumon (Table 1). Patients prescribed phenprocoumon
or apixaban were older compared to those initiated on
dabigatran or rivaroxaban, and had on average a higher
CHA,DS,-VASc score and more comorbidities. Subjects
treated with apixaban had the highest HAS-BLED score,
received most frequently drugs known to increase bleed-
ing risk (antiplatelets or NSAIDs), and most frequently had
a history of ischemic stroke or TIA (Table 1). The mean
follow-up for patients initiated on apixaban was 218 days,
dabigatran 261 days, rivaroxaban 258 days, and phenpro-
coumon 280 days.

Safety outcomes

Figure 2 displays the unadjusted event rates, adjusted haz-
ard ratios, and the corresponding forest plots for each pair-
wise medication comparison (apixaban, dabigatran, and
rivaroxaban each vs. phenprocoumon) for major, gastroin-
testinal, and any bleedings. For apixaban and dabigatran,
event rates per 100 person-years of all bleeding events
were lower than that for phenprocoumon, while for rivar-
oxaban the event rates for all types of bleeding were higher
compared to phenprocoumon. After adjusting for baseline
confounders, apixaban was associated with lower risks of
major bleeding (HR 0.68, 95% CI 0.51-0.90, p =0.008),
gastrointestinal bleeding (HR 0.53, 95% CI 0.39-0.72,
p<0.001), and any bleeding (HR 0.80, 95% CI 0.70-0.92,
p=0.002) compared to phenprocoumon. There were
no significant differences in the risk of different types of
bleeding between dabigatran and phenprocoumon users.
Rivaroxaban was associated with a higher risk of gastroin-
testinal bleeding (HR 1.39, 95% CI 1.20-1.59, p<0.001)
and any bleeding (HR 1.19, 95% CI 1.10-1.28, p<0.001),
whereas there was no significant difference in the risk of
major bleeding compared to phenprocoumon.

Net clinical combined outcome

Table 2 displays the unadjusted event rates per 100 person-
years and adjusted hazard ratios for each pairwise medi-
cation comparison (apixaban, dabigatran, and rivaroxa-
ban each vs. phenprocoumon) for the combined endpoint
ischemic stroke, systemic embolism, and major bleeding.
There were no significant differences between any of the
NOACSs and phenprocoumon for this net clinical combined
outcome measure.
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Table 1 Baseline characteristics of the study population

Characteristic Phenprocoumon Any NOAC  Apixaban (n=3633) Dabigatran (=3138)  Rivaroxaban
(n=16,179) (n=18,834) (n=12,063)
Patient demographics
Age (mean + SD) 76.1 (9.1) 73.7(11.2) 75.5 (10.8) 72.6 (11.2) 73.4 (11.3)
Male (%) 50.1 51.2 49.2 51.9 51.7
Medical history
CHA,DS,-VASc score (mean + SD) 4.1 (1.6) 3.8(1.8) 4.1(1.8) 3.8(1.8) 3.7(1.8)
HAS-BLED score (mean + SD) 2.7(1.1) 2.7(1.2) 29(1.2) 2.6(1.2) 2.6(1.2)
Charlson Comorbidity Index (mean +SD) 3.4(2.6) 3.12.6) 3.4(2.7) 29(2.5) 3.0 (2.6)
Number of hospitalizations (mean + SD) 1.1 (1.3) 1.2 (1.3) 1.3 (1.3) 1.3(1.2) 1.2 (1.3)
Number of unique ATC codes (mean+SD)  10.9 (5.2) 104 (5.4) 10.8 (5.4) 10.1 (5.1) 104 (5.4)
Bleeding events
Major bleeding (%) 1.3 14 2.0 1.6 1.1
GI bleeding (%) 2.1 1.9 2.1 2.1 1.8
Any bleeding event (%) 8.6 8.3 9.7 7.5 8.0
Comorbidities
Ischemic stroke or TIA (%) 12.2 16.1 22.4 21.9 12.7
Myocardial Infarction (%) 7.5 5.0 5.6 5.1 4.8
Renal insufficiency (%) 23.9 17.3 21.4 13.3 17.1
Congestive heart failure (%) 40.4 34.6 37.1 31.7 34.6
Coronary heart disease (%) 46.9 37.6 39.7 36.7 37.2
Hypertension 88.5 85.7 88.2 85.0 85.2
Cancer (%) 19.7 18.4 19.2 17.9 18.3
Moderate or severe liver disease (%) 0.5 0.5 0.9 0.2 0.5
Dementia (%) 7.7 8.8 10.7 7.0 8.6
Diabetes (%) 36.8 32.6 342 29.9 32.8
Obesity (%) 23.0 23.0 222 22.7 233
Substance abuse (%) 0.8 0.8 1.1 0.6 0.9
Concomitant medications
Antiplatelet drugs (%) 22.7 24.7 27.0 25.5 23.7
ASA (%) 17.5 19.7 21.8 19.4 19.2
NSAIDs (%) 34.8 36.9 37.4 36.0 36.9
Proton pump inhibitors (%) 439 44.1 46.0 44.0 43.6

ASA acetylsalicylic acid, ATC anatomical therapeutic chemical, CHA,DS,-VASc congestive heart failure, hypertension, age, diabetes mellitus,
stroke/TIA, vascular disease, age, sex category, HAS-BLED hypertension, abnormal renal/liver function, stroke, bleeding history or predisposi-
tion, labile international normalized ratio, elderly, drugs/alcohol concomitantly, NSAIDs non-steroidal anti-inflammatory drugs, T/A transient

ischemic attack

Sensitivity analyses

Figure 3 shows the results of the sensitivity analysis con-
sidering only patients treated with the highest approved
dose of apixaban (n=2231; 61%), dabigatran (n=1496;
48%), and rivaroxaban (n=28379; 69%). For apixaban, in
patients receiving the highest approved dose of 2 x5 mg/
day, the results were consistent with the main analysis,
i.e., superiority of apixaban vs. phenprocoumon for all
types of bleedings studied. For the net clinical outcome
endpoint, the findings confirmed the main analysis (HR
0.86,95% CI1 0.71-1.04, p=0.121).

@ Springer

In contrast to the main analysis, dabigatran 2 X 150 mg/
day dose users had a significantly lower risk of major
bleeding and any bleeding as well as net clinical outcome
compared with phenprocoumon users (HR 0.50, 95% CI
0.27-0.95, HR 0.70, 95% CI 0.54-0.90 and HR 0.59, 95%
CI 0.38-0.93, respectively). The sensitivity analysis with
rivaroxaban 1 X 20 mg/day dose users was consistent with
the findings from the main analysis, revealing a higher
risk of gastrointestinal as well as any bleeding with no
statistically significant difference for major bleeding.
Results for the net clinical outcome were consistent with
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Event Rate per 100 person-years Hazard Ratio (95% ClI) p value
(unadjusted) (adjusted)
Apixaban vs. Phenprocoumon
Major Bleeding 24 32 —— 0.68 (0.51, 0.91) 0.008
Gastrointestinal Bleeding 2.1 35 —— 0.53(0.39, 0.72) <0.001
Any Bleeding 1.2 12.6 —a— 0.80(0.70, 0.92) 0.002
Dabigatran vs. Phenprocoumon
Major Bleeding 22 3.2 —— 0.76 (0.57,1.03) 0.080
Gastrointestinal Bleeding 34 35 —t 1.11(0.87,1.42) 0.414
Any Bleeding 10.0 126 —— 0.88(0.76, 1.01) 0.078
Rivaroxaban vs. Phenprocoumon
Major Bleeding 33 32 I 1.10 (0.94, 1.28) 0.233
Gastrointestinal Bleeding 45 35 —&— 1.39(1.20, 1.59) <0.001
Any Bleeding 141 126 —— 1.19(1.10, 1.28) <0.001
Favor NOAC I ' Favor Phenprocoumon
0.5 1.0 15

Fig. 2 Unadjusted event rates (per 100 person-years) and adjusted hazard ratios with 95% confidence intervals (Cls) for each pairwise compari-
son (apixaban, dabigatran, and rivaroxaban each vs. phenprocoumon)

Table 2 Unadjusted event rates (per 100 person-years) and adjusted hazard ratios with 95% confidence intervals (CIs) for net clinical outcome

consisting of ischemic stroke, systemic embolism, and major bleeding

Initial treatment Apixaban vs. phen

Dabigatran vs. phen Rivaroxaban vs. phen

5.0vs.5.3
0.83 (0.67-1.01; p=0.068)

Event rate (per 100 person-years)
Hazard ratios (95% CI, p value)

43vs.53
0.89 (0.72-1.11; p=0.301)

5.4vs.53
1.07 (0.94-1.20; p=0.298)

CI confidence interval, phen phenprocoumon

the results from the main analysis (HR 1.01, 95% CI
0.92-1.12, p=0.792).

The second sensitivity analysis, based on all treatments
prescribed in the study period or until death or the end
of the insurance status, revealed results for apixaban and
dabigatran which were consistent with the main analy-
sis (Fig. 4). Results for rivaroxaban patients remained the
same for all types of bleeding studied; however, rivar-
oxaban users carried a significantly increased risk for net
clinical combined outcome (HR 1.12, 95% CI 1.04-1.21,
p=0.002).

As a final sensitivity analysis, propensity score matching
was used to adjust for possible differences in the baseline

characteristics among treatment groups. We created three
matched cohorts using 1:1 propensity score matching: phen-
procoumon versus apixaban (n=7262), phenprocoumon
versus dabigatran (n=6250), and phenprocoumon versus
rivaroxaban (n=22,550) (Table 3). Following propensity
score matching, the baseline demographics and clinical fac-
tors, including the risk scores (CHA,DS,-VASc and HAS-
BLED), were balanced with all standardized differences less
than 10% between the matched cohorts (Table 3). Figure 5
displays the adjusted hazard ratios for each pairwise medica-
tion comparison for propensity score matching analysis. For
apixaban patients, the findings remained consistent with the
main analysis, i.e., there was a significantly lower risk for all
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Hazard Ratio (95% Cl) p value
(adjusted)

Apixaban vs. Phenprocoumon

Major Bleeding 0.56 (0.36, 0.87) — 0.011

Gastrointestinal Bleeding 0.50(0.32,0.79) —— <0.001

Any Bleeding 0.75(0.61,0.91) —— <0.001
Dabigatran vs. Phenprocoumon

Major Bleeding 0.50 (0.27, 0.95) . 0.031

Gastrointestinal Bleeding 0.88 (0.54, 1.42) = 0.601

Any Bleeding 0.70 (0.54, 0.90) —— 0.010
Rivaroxaban vs. Phenprocoumon

Major Bleeding 1.07 (0.88, 1.29) —t— 0.502

Gastrointestinal Bleeding 1.33(1.12, 1.58) — <0.001

Any Bleeding 1.15(1.05, 1.27) —— <0.001

Favor NOAC I | Favor Phenprocoumon
0.5 1.0 15

Fig. 3 Sensitivity analysis based on patients treated with the highest approved dose of apixaban, dabigatran, and rivaroxaban

safety endpoints and no significant difference with respect to
the net clinical combined outcome compared to phenprocou-
mon patients. For patients using dabigatran, the results were
also consistent with the results from the main analysis, the
only exception being the endpoint of major bleeding. Patients
on dabigatran had a significantly lower risk of major bleeding
compared to users of phenprocoumon. With respect to the net
clinical combined endpoint, there was no significant differ-
ence between users of dabigatran and phenprocoumon (HR
0.80, 95% CI 0.61-1.04, p=0.095). For rivaroxaban patients,
the results revealed a significantly higher risk for all bleed-
ing types studied as well as for the net clinical combined out-
come (HR 1.18, 95% CI 1.04-1.35, p=0.013), in line with
the result of the main analysis.

Discussion
Main findings

The present study is the first to compare the safety profile
of NOAC:Ss to that of phenprocoumon in a real-world setting

@ Springer

comprising more than 35,000 patients with non-valvular
AF. Apixaban was associated with significantly lower risks
of major bleeding, gastrointestinal bleeding, and any bleed-
ing compared to phenprocoumon. There were no signifi-
cant differences in the bleeding risks between dabigatran
and phenprocoumon users, whereas rivaroxaban therapy
was associated with increased risk of gastrointestinal bleed-
ing as compared to phenprocoumon.

Risk of major bleeding with NOAC versus VKA
therapy

In Europe, different coumarins are used including warfarin,
acenocoumarol, and phenprocoumon. For instance, in Ger-
many, the most commonly prescribed VKA for stroke pre-
vention in AF is phenprocoumon. This VKA differs from
warfarin in several pharmacokinetic, pharmacodynamic,
and pharmacogenetic properties [6]. Most notably, this
coumarin has the longest elimination half-life of 110-130 h
[14] compared to warfarin with a half-life of 35-40 h [6].
Direct comparative data of phenprocoumon versus NOACs
have not been published so far, and thus it is mandatory to
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Hazard Ratio (95% Cl) p value
(adjusted)

Apixaban vs. Phenprocoumon

Major Bleeding 0.68 (0.52, 0.89) —a— 0.004

Gastrointestinal Bleeding 0.57 (0.40, 0.80) —— <0.001

Any Bleeding 0.82(0.72,0.93) —-— 0.002
Dabigatran vs. Phenprocoumon

Major Bleeding 0.83(0.63, 1.09) —— 0.184

Gastrointestinal Bleeding 1.17 (0.94, 1.50) o 0.167

Any Bleeding 0.90(0.78, 1.03) —B— 0.122
Rivaroxaban vs. Phenprocoumon

Major Bleeding 1.11(0.96, 1.29) - 0.167

Gastrointestinal Bleeding 1.46 (1.24, 1.70) —a— <0.001

Any Bleeding 1.20 (1.11, 1.29) —— <0.001

Favor NOAC [ I Favor Phenprocoumon
0.5 1.0 15

Fig. 4 Sensitivity analysis based on all treatments that occurred between the index date and the end of the study period, death, or end of con-

tinuous enrollment

acquire safety data from real-world data in patients treated
with phenprocoumon or NOACs.

The comparison of safety aspects, i.e., major bleeding
events, from the randomized controlled trials between the
respective NOAC and VKA is limited by differences in the
definition of major bleeding among the studies and imbal-
ances in possibly unobservable baseline variables which
cannot be adjusted for in observational studies. As adju-
dication of safety outcomes is usually not feasible in ret-
rospective studies, the present study used bleeding requir-
ing hospital admission as the definition of major bleeding
which was identified by the respective ICD-10-GM codes.
A similar strategy was used by the FDA in a ‘Protocol for
Assessment of Dabigatran and Selected Safety Outcomes’
to extract bleeding events [15].

In the present large real-world patient population, apixa-
ban carried a lower risk for major bleeding events than
phenprocoumon after adjusting for potential baseline con-
founders by various statistical methods including propen-
sity score matching. This risk reduction (HR 0.68, 95% CI
0.51-0.90, p=0.008) was consistent with that observed
in the pivotal phase III trial of apixaban versus warfarin

(HR 0.69, 95% CI 0.60-0.80; p<0.001) [4]. Our obser-
vations are also in agreement with the recently published
real-world data comparing warfarin to apixaban [16, 17].
For instance, Yao and coworkers, using data from a large
US insurance database, found that apixaban was associ-
ated with a significantly lower risk for major bleedings than
warfarin (HR 0.45, 95% CI 0.34-0.59, p <0.001) [17].

In patients receiving dabigatran, rivaroxaban, or phen-
procoumon, major bleeding events occurred at similar inci-
dences. These findings are again consistent with the obser-
vations made in the two respective phase III trials of these
two NOAC:s, suggesting that in real-world conditions safety
levels similar to what has been seen in the controlled clini-
cal trials can be achieved. Given the similarity of the com-
parative safety data in the NOAC trials and this real-world
comparison with phenprocoumon, it seems unlikely that
the predominant use of phenprocoumon in Germany would
be responsible for differences in the comparative safety.
Therefore, there is no reason to assume that the results of
the clinical trials of the NOAC cannot be extrapolated to
daily practice when phenprocoumon is used as a predomi-
nant VKA.
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Table 3 Baseline characteristics for phenprocoumon-NOAC propensity score-matched cohorts

Characteristic Phenprocoumon—apixaban cohort ~ Phenprocoumon—dabigatran cohort ~ Phenprocoumon-rivaroxa-
ban cohort
Phenpro- Apixaban (n=3631) Phenpro- Dabigatran (n=3125) Phenpro- Rivaroxaban
coumon coumon coumon (n=11,275)
(n=3631) (n=3125) (n=11,275)
Patient demographics
Age (mean + SD) 75.4 (9.7) 75.5 (10.8) 72.8 (10.3) 72.6 (11.2) 74.6 (9.5) 74.2 (10.6)
Male (%) 49.4 49.2 51.9 51.9 50.3 50.9
Medical history
CHA,DS,-VASc score 4.1(1.7) 4.1(1.8) 3.8 (1.7) 3.8 (1.8) 3.9(1.6) 3.8 (1.7)
(mean +SD)
HAS-BLED score (mean + SD) 2.9(1.2) 2.9 (1.2) 2.7 (1.1) 2.6 (1.2) 2.7(1.1) 2.7 (1.1)
Charlson Comorbidity Index 3.3(2.6) 3.42.7) 2.8 (2.6) 2.9 (2.5) 3.0 (2.6) 2.9 (2.5)
(mean + SD)
Number of hospitalizations 1.3(1.4) 1.3(1.3) 1.3(1.5) 1.3(1.2) 1.2 (1.4) 1.2(1.2)
(mean +SD)
Number of unique ATC codes 10.7 (5.3) 10.8 (5.4) 10.2 (5.2) 10.1 (5.1) 10.5 (5.3) 10.5 (5.4)
(mean + SD)
Number of ambulatory care visits ~ 12.9 (7.0) 129 (7.2) 12.8 (7.1) 12.7 (7.2) 13.0 (7.0) 129 (7.2)
(mean +SD)
Comorbidities
Any bleeding (%) 9.8 9.7 7.7 7.5 8.2 8.1
Ischemic stroke or TIA (%) 22.6 22.4 22.2 219 12.6 12.8
Myocardial infarction (%) 5.8 5.6 4.9 5.1 5.2 5.0
Renal insufficiency (%) 21.0 21.4 13.1 13.3 17.3 17.0
Congestive heart failure (%) 36.7 37.1 31.8 31.7 35.5 35.6
Coronary heart disease (%) 40.2 39.7 37.3 36.7 38.9 38.4
Hypertension 88.7 88.2 86.0 85.0 86.7 86.2
Cancer (%) 18.8 19.2 18.2 17.9 18.7 18.5
Moderate or severe liver disease 0.9 0.9 0.1 0.2 0.5 0.5
(%)
Anxiety disorder (%) 5.7 5.9 6.3 6.3 6.3 6.3
Somatoform disorder (%) 13.3 134 13.7 13.2 12.8 12.7
Atherosclerosis (%) 6.5 6.3 5.0 53 6.0 5.9
Dementia (%) 10.3 10.7 7.3 7.0 8.3 8.5
Diabetes (%) 34.1 342 294 29.9 33.8 33.6
Obesity (%) 22.6 22.2 22.9 22.7 23.2 23.2
Substance abuse (%) 1.1 1.1 0.7 0.6 0.8 0.8
Concomitant medications
Antiplatelet drugs (%) 27.5 27.0 259 25.4 232 23.4
ASA (%) 21.5 21.8 19.7 19.4 19.2 19.3
NSAIDs (%) 37.8 374 37.1 36.0 36.9 36.8
Proton pump inhibitors (%) 45.7 46.0 439 439 43.4 43.6
Coronary angioplasty (%) 3.0 2.8 3.1 33 2.3 2.2

ASA acetylsalicylic acid, ATC anatomical therapeutic chemical, CHA,DS,-VASc congestive heart failure, hypertension, age, diabetes mellitus,
stroke/TIA, vascular disease, age, sex category, HAS-BLED hypertension, abnormal renal/liver function, stroke, bleeding history or predisposi-
tion, labile international normalized ratio, elderly, drugs/alcohol concomitantly, NSAIDs non-steroidal anti-inflammatory drugs, T/A transient
ischemic attack

Our sensitivity analysis, taking into account only it can be excluded that the observed real-world safety pro-
patients treated with the highest approved NOAC doses, file of the NOACS is an overestimation due to frequent use
yielded results consistent with the main analysis. Therefore,  of reduced dosing regimens of the respective NOAC. This
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Hazard Ratio (95% CI) p value
(adjusted)

Apixaban vs. Phenprocoumon

Major Bleeding 0.70 (0.50, 0.98) —. 0.039

Gastrointestinal Bleeding 0.54 (0.38, 0.77) —— 0.001

Any Bleeding 0.84 (0.71, 0.99) —a— 0.047
Dabigatran vs. Phenprocoumon

Major Bleeding 0.69 (0.48, 0.99) —— 0.042

Gastrointestinal Bleeding 1.06 (0.77, 1.46) —_—t 0.714

Any Bleeding 0.90(0.76, 1.08) —a— 0.267
Rivaroxaban vs. Phenprocoumon

Major Bleeding 1.20 (1.01, 1.42) — 0.039

Gastrointestinal Bleeding 1.46 (1.25, 1.70) — <0.001

Any Bleeding 1.26 (1.16, 1.38) —— <0.001

Favor NOAC f I Favor Phenprocoumon
0.5 1.0 15

Fig. S Sensitivity analysis based on propensity score matching

is especially pertinent to apixaban as the reduced dosing
regimen of which is half of the standard dose (2X2.5 mg/
day). In this respect, it is important to note that apixaban
proved superior in safety to warfarin even though, on aver-
age, the patients treated with apixaban were older and had
more comorbidities including renal failure and previous
stroke/TTA and had higher HAS-BLED score than patients
receiving dabigatran or rivaroxaban.

Risk of gastrointestinal bleeding with NOAC
versus VKA therapy

Elderly patients with AF in particular are at risk for gas-
trointestinal bleeding. In the phase III trials of NOACs:,
dabigatran (2% 150 mg/day) and rivaroxaban carried a
higher risk of gastrointestinal bleeding than warfarin [2,
3]. Besides reduced dose of dabigatran (2x 110 mg/day),
apixaban was the only NOAC for which the risk for this
unwanted effect did not exceed that of warfarin (HR 0.89,
95% CI 0.70-1.15; p=0.37) in the randomized clinical tri-
als [4]. Our findings are consistent with these observations
from the randomized studies. The risk for gastrointestinal
bleeding was significantly lower for apixaban than that for

phenprocoumon (HR 0.53, 95% CI 0.39-0.72, p<0.001).
Dabigatran use was associated with a risk comparable to
that of phenprocoumon, whereas the use of rivaroxaban
carried a significantly higher gastrointestinal bleeding risk
than VKA. All of our observations are in line with those
of previously published real-world datasets [17-19]. The
observed effects for the secondary endpoint any bleeding
were also consistent with the findings from the randomized
studies and previously published real-world datasets. It can
therefore be concluded that the safety data observed in the
controlled clinical trials of the NOACs can also be taken as
a valid reference for real-world treatment conditions.

Net clinical outcome

The combined endpoint of ischemic stroke, systemic embo-
lism, and major bleeding was chosen due to limited number
of patients in the database and the short follow-up period.
Thus, the number of ischemic stroke events was estimated
to be too low to allow a valid comparison of effectiveness
of the NOACs. Clarification of the effectiveness of the
NOACs must therefore await analysis of larger patient sam-
ples with longer follow-up periods.
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Limitations of the study

Our study is subject to a number of limitations which are
inherent to any retrospective data analysis. Despite all
attempts to adjust for important baseline confounders by
applying various statistical methods including propensity
score matching, residual bias cannot entirely be excluded.
However, the large size of the patient sample and the con-
sistency with previously published real-world studies and
clinical trials indicates that our analyses yielded robust
results. Another concern may be the potential for coding
errors inherent to retrospective analysis of claims databases.
However, one can expect that residual bias associated with
coding errors may be similar for all exposure groups and
thus should not meaningfully influence the assessment of
our outcomes. The unavailability of INR measurements and
laboratory data on renal function represents another inher-
ent limitation of our study.
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