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Abstract All pivotal trials have evaluated non–vitamin K oral antagonists (NOACs) against warfarin.
However, in some regions of the world, phenprocoumon is themost widely used vitamin K
antagonist (VKA). There is little evidence documenting effectiveness and safety of NOACs
comparedwithphenprocoumon in atrialfibrillation (AF). A retrospective cohort studyusing
a German claims database was conducted to assess effectiveness (stroke, systemic
embolism [SE]) and safety (bleeding leading to hospitalization) during therapywith NOACs
andphenprocoumon in61,205AFpatients. Hazard ratios (HRs) for effectiveness and safety
outcomes were derived from Cox proportional hazard models, adjusting for baseline
characteristics. Propensity score matching was performed as a sensitivity analysis. As a
prespecified subgroup analysis, the effects of reduced NOAC dosing were compared with
phenprocoumon. A total of 61,205 patients were identified in whom phenprocoumon
(n ¼ 23,823, 38.9%), apixaban (n ¼ 10,117, 16.5%), dabigatran (n ¼ 5,122, 8.4%), or
rivaroxaban (n ¼ 22,143, 36.2%)was initiated. After adjusting for baseline confounders, all
three NOACs tested had significantly lower risks of stroke/SE compared with phenprocou-
mon (apixaban—HR: 0.77, 95% CI: 0.66–0.90; dabigatran—HR: 0.74, 95% CI: 0.60–0.91;
rivaroxaban—HR: 0.86, 95% CI: 0.76–0.97). Apixaban (HR: 0.58, 95% CI: 0.49–0.69) and
dabigatran (HR: 0.64, 95% CI: 0.50–0.80) were associated with lower bleeding risks than
phenprocoumon, whereas the risk was similar for rivaroxaban and phenprocoumon. All
threeNOACs showed reduced riskof intracranial bleedingcomparedwithphenprocoumon.
Reduced doses of NOACs were predominantly used in patients with advanced age and
comorbidities with generally similar effectiveness and safety benefits compared with
phenprocumon as standard-dose NOACs.
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Introduction

Atrial fibrillation (AF) patients with stroke risk factors need
oral anticoagulation therapy to prevent stroke and systemic
embolism. Since 2009, four non–vitamin K oral antagonists
(NOACs) have been approved for stroke prevention in AF. All
four NOACs were tested in pivotal trials against warfarin and
were found to be at least as effective and probably safer than
treatment with VKA.1–4 As in some regions of the world
phenprocoumon is the predominant VKA in clinical practice,
comparative data for NOACs versus this VKA are warranted.
We have previously reported that NOACs are associated with
better safety profiles compared with phenprocoumon.5 In
addition, as patients in daily practice tend to be older and
have more comorbidities including renal disease than in the
pivotal trials, reduced dose NOAC regimens are much more
commonly used in realworld than in the pivotal trials. As only
limited experience is available from the trials, evidence on
effectiveness and safety of reduced NOAC dosing regimens
must be obtained from real-world datasets. In this observa-
tional cohort study, we compare the effectiveness of standard
and reduced dose NOAC regimens versus phenprocoumon in
preventing stroke, systemic embolism, and death in a large
cohort of patients with AF.

Methods

Study Design and Data Source
This retrospective observational study is based on the Institute
for Applied Health Research (formerly Health Risk Institute,
Berlin) database which is an anonymized healthcare claims
databasewith longitudinaldata fromapproximately6.7million
Germans insured in one of approximately 70German statutory
health insurances.6 As a postauthorization effectiveness and
safety study (PAES/PASS), the study is registered at the
European Medicines Agency (http://www.encepp.eu/encepp/
viewResource.htm?id¼22064). In brief, the database includes
demographic information, information on outpatient health-
care services and data related to hospital treatment, including
admission and discharge dates, diagnoses, operations and
interventions (OPS codes) aswell as prescription anddispensa-
tion of reimbursed medications, remedies and aids. All diag-
noses in the database were coded according to the German
modification of the 10th revision of the International Classifi-
cation of Diseases (ICD-10 GM). Patient-level data can be
arrayed chronologically to provide a detailed longitudinal
profile of all medical and pharmacy services used by each
insured member.

All patient identifiers were either fully encrypted or
removed from the database which is therefore compliant
with the German data protection regulations. As no patient
contact was made and patient information was deidentified,
Institutional Review Board approval was not required.

Study Population
Patients who had a first-time prescription claim for a NOAC
(apixaban, dabigatran or rivaroxaban) or phenprocoumon
between 1 January 2013 and 31 December 2015 were eligible

for the study. Patients who had taken any of the above-
mentioned anticoagulants within the previous 12 months
were excluded to establish an anticoagulation-naïve cohort.
The date of thefirst prescriptionwas defined as the index date
and the first prescription as the index medication. Several
inclusion and exclusion criteria were applied to focus on
patients treated for stroke prevention in AF. All patients were
required to have at least one outpatient verified, primary
or secondary hospital discharge diagnosis of AF in the previous
or same quarter of the index date. Patients with valvular AF,
deep vein thrombosis, haemodialysis, pregnancy, with antic-
oagulation therapy for any other indication during the
12 months prior to or on index date as well as patients who
were prescribed more than one OAC agent on the index date
were excluded. In addition, patients who were not continu-
ously insured for at least 1 year prior to the index date were
excluded. A consort diagram showing patient selection is
presented in ►Fig. 1.

Study Endpoints
The primary effectiveness outcome was the composite of
stroke (ischaemic or haemorrhagic) and systemic embolism
(SE). The primary safety outcome was major bleeding. Sec-
ondary effectiveness outcomes were the occurrence of
stroke, ischaemic stroke, haemorrhagic stroke, and death
from any cause. Other safety outcomes were intracranial
bleeding, gastrointestinal bleeding and any bleeding.

All events were considered that occurred during treat-
ment, that is from onset of treatment until the end of
continuous enrolment, study end (31 March 2016) or dis-
continuation of treatment, or switching to another antic-
oagulant. A maximum of a 30-day gap in days of drug supply
was allowed when defining treatment discontinuation.

Stroke/SEwas defined as a hospitalizationwith an ICD-10-
GM hospital discharge diagnosis of cerebral infarction, intra-
cerebral haemorrhage, uncertain type of stroke not specified
ashaemorrhageor ischaemic, andarterial embolismorarterial
thrombosis. Ischaemic stroke outcomewas defined according
to the hospital discharge diagnosis of cerebral infarction and
haemorrhagic stroke using the hospital discharge diagnosis of
intracerebral haemorrhage. Major bleeding consisted of a
hospital admission with an ICD-10-GM hospital discharge
diagnosis. Intracranial bleeding was defined as a hospitaliza-
tionwith an ICD-10-GM hospital discharge diagnosis of intra-
cerebral haemorrhage, subarachnoid haemorrhage, subdural
haemorrhage or traumatic epidural haemorrhage. Gastroin-
testinal bleeding was defined as bleeding with localization in
the gastrointestinal tract and documented ICD-10-GM hospi-
tal discharge diagnosis. Any bleeding was defined using pre-
specified primary or secondary ICD-10-GMhospital discharge
diagnoses at any time. Further details about the outcome
definitions are provided in the ►Supplementary Appendix

(►Tables S1 and S2).

Statistical Analysis
Data analysis was performed by the Institute for App-
lied Health Research, Berlin. Baseline characteristics of
the study population were reported as percentages or
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means � standard deviation (SD). Person-years of follow-up
were calculated from the onset of treatment to the occur-
rence of the first endpoint, the end of continuous enrolment,
the end of the study period, or discontinuation of treatment
or switching to another OAC, whichever came first. Unad-
justed crude rates were calculated as number of events
divided by person time and were expressed per 100 per-
son-years. Multiple outcome-specific Cox proportional-
hazards regression models were used to estimate treat-
ment effects (apixaban, dabigatran and rivaroxaban using
phenprocoumon as reference) on the outcome-specific
hazard rates. To avoid confounding, models were adjusted
for prespecified baseline demographics and clinical factors.
The variables that entered the final models were selected
on the basis of background knowledge about the relation-
ship of the variable to treatment and outcome (e.g., age,
gender, prior history of ischaemic stroke, or TIA) and by
using gradient boosting, an automatic variable selection
technique.7 The proportional hazard assumption was tested
on the basis of Schoenfeld residuals and was valid for all
outcomes.8

As a prespecified subgroup analysis, effectiveness and
safety analyses were performed for patients receiving
reduced-dose and standard-dose NOAC therapy. The effect
modification by dosing regimens on the associations
between treatment and outcomes was tested using interac-
tion terms in the Cox proportional-hazards regressions and
by comparing hazard rates in the dose-stratified analyses.

Data management and statistical analyses were per-
formed using SAS 9.3 (SAS Institute Inc.) and R 3.1.0. A
two-sided p-value < 0.05 was considered statistically
significant.

Sensitivity Analyses
Two prespecified sensitivity analyses were performed. First,
to assess the robustness of the results utilizing different
statistical methods, a propensity score matching (PSM)
analysis was performed to estimate treatment effects.9 For
each apixaban, rivaroxaban and dabigatran case, one control
patient was selected from the pool of subjects in the phen-
procoumon group. Controls were matched 1:1 according to
the propensity score without replacement and using near-
est-neighbour matching with a 0.1 maximum allowed dif-
ference in the propensity scores. Standardized mean
differences were used to assess the balance of baseline
characteristics after matching. A standardized difference
less than 10% indicates a negligible difference in baseline
characteristics and balanced matched cohorts.10 A Cox pro-
portional hazard model was used to compare endpoints in
each of the propensity score-matched cohorts.

Second, because in all clinical trials that have evaluated
NOACs against therapy with vitamin K antagonists, the
average follow-up period ranged from 1.6 to 2.0 years, a
sensitivity analysis was performed including only patients
starting treatment until 31March 2015 to allow for a follow-
up time of at least 1 year in all patients.

NOAC or phenprocoumon patients in 2013, 2014 or 2015 with at least one year 
 of baseline enrollment prior to index date (n= 236,842) 

Excluded 
• Patients with NOAC or phenprocoumon prescriptions in the four quarters before or on the index date (n=109,131)

Excluded 
• Patients without AF or atrial flutter diagnosis in the same or preceding quarter of the index date (n=54,685)               

Excluded 
• Age < 18 (n=1) 
• Patients with dialysis /valvular disorder/ thrombosis / pregnancy in the four quarters before or at index date 

(n=6197)  
• Patients with heparin at index date (n=4119) 
• Prescriptions of OAC for any other indication in the four quarters before or at index date (n=978) 
• Two prescriptions of different OAC at index date (n=146)

(n=127,711)

 (n=73,026) 

 Final study population (n= 61,205) 

Phenprocoumon 
23,823 (38.9%) 

Apixaban 
10,117 (16.5%) 

Dabigatran 
5122 (8.4%) 

Rivaroxaban 
22,143 (36.2%) 

Fig. 1 CONSORT (Consolidated Standards of Reporting trials) diagram of patient selection.
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Results

Patient Population
The study population comprised 61,205 AF patients initiating
phenprocoumon (n ¼ 23,823, 38.9%), apixaban (n ¼ 10,117,
16.5%), dabigatran (n ¼ 5,122, 8.4%) or rivaroxaban
(n ¼ 22,143, 36.2%; ►Table 1). Mean follow-up duration was
362 � 275days in thephenprocoumongroup, 306 � 239days
in theapixabangroup, 339 � 317days in thedabigatrangroup
and 340 � 284 days in the rivaroxaban group.

The distribution of baseline characteristics varied
between treatment groups (►Table 1). For example, subjects
exposed to phenprocoumon or apixaban were older and had
more comorbidities compared with dabigatran and rivarox-
aban users. The proportion of patients with a history of
stroke or SEwas higher among patients being newly initiated
on apixaban and dabigatran indicating preferential use of
these two substances for secondary stroke prevention.

Effectiveness Outcomes
►Table 2 displays thenumberofeffectiveness outcomeevents,
and the crude and adjusted event rates per 100 person-years
according to treatment. There were 1,383 stroke/SE events
during follow-up. Of these, 968 were coded as ischaemic
strokes. Slightly higher crude event rates of stroke or systemic
embolism were observed for apixaban and phenprocoumon.
The highest crude event rates of death from all causes were
observed for patients on apixabanwhich, however, comprised
the subgroup of patientswith thehighestmean age, CHA2DS2-
VASc, HAS-BLED and comorbidity scores (►Table 1). ►Fig. 2

displays the adjusted hazard ratios and corresponding forest
plots for each pairwise medication comparison for the main
analysis and the sensitivity analyses (propensity score-
matched analysis and extended follow-up analysis). After
adjusting for baseline confounders, all three NOACs had sig-
nificantly lower risks of stroke/SE, ischaemic and haemorrha-
gic stroke, and haemorrhagic stroke alone compared with
phenprocoumon. The risk reduction was numerically more
pronounced for apixaban and dabigatran users. A similar
pattern was observed for the outcome of ischaemic stroke.
However, the risk reduction reached statistical significance
only for apixaban compared with phenprocoumon (HR: 0.82,
95% CI: 0.68–0.99, p ¼ 0.036). Therapy with dabigatran was
associatedwith lower risks of death from any cause compared
withphenprocoumon(HR:0.83,95%CI: 0.72–0.95,p ¼ 0.006).
Both apixaban and rivaroxaban users showed similar risk of
death from any cause compared with phenprocoumon users.

Safety Outcomes
►Table 2 displays the number of events, and the crude and
adjusted event rates per 100 person-years according to
initiated treatment for safety outcomes. A total of 336 patients
experienced an intracranial bleeding event. For apixaban and
dabigatran, crudeevent rates of all safetyoutcomeswere lower
than that for phenprocoumon and rivaroxaban.

After adjusting for baseline confounders, both apixaban
(HR: 0.58, 95% CI: 0.49–0.69, p < 0.001) and dabigatran (HR:
0.64, 95% CI: 0.50–0.80, p < 0.001) were associated with

lower risks of major bleeding than phenprocoumon
(►Fig. 3). The risk of major bleeding was similar between
rivaroxaban and phenprocoumon users. All three NOACs
were associated with reduced risk of intracranial bleeding
compared with phenprocoumon, with the largest risk reduc-
tion observed for apixaban (HR: 0.44, 95% CI: 0.30–0.64,
p < 0.001) followed by dabigatran (HR: 0.52, 95% CI: 0.33–
0.84, p ¼ 0.007) and rivaroxaban (HR: 0.68, 95% CI: 0.53–
0.88, p ¼ 0.003). Apixabanwas the only NOAC that showed a
reduced risk of gastrointestinal bleeding compared with
phenprocoumon (HR: 0.71, 95% CI: 0.60–0.82, p < 0.001).

Sensitivity Analyses
Results for the sensitivity analyses are detailed in ►Figs. 2

and 3. In all propensity score-matched cohorts, standardized
differences in patient characteristics were of less than 10%,
indicating a high degree of similarity in the distributions of
baseline characteristics (►Table S3 in the ►Supplementary

Appendix). Results from PSM analysis were generally
consistent with the results of the main analysis using Cox
proportional hazard regression models.

In the second sensitivity analysis, the inclusion time was
limited from January 2013 to March 2015 yielding an
extended follow-up period of at least 1 year in all patients.
For apixaban and dabigatran patients, the findings for effec-
tiveness and safety outcomes remained consistent with the
main analysis. For patients using rivaroxaban, results of the
main analysis regarding stroke-related outcomes yielded no
longer significant differences, while results for safety out-
comes were consistent with the main analysis.

Subgroup Analysis of Reduced vs. Standard NOAC Doses
Among patients who received apixaban, dabigatran and
rivaroxaban, 37% (n ¼ 3,741), 51% (n ¼ 2,596) and 28% (n ¼
6,220), respectively, initiated treatment at a reduced dose.
Therewere importantdifferences in baseline characteristics of
patients receiving reduced and standard NOAC dosing:
Patients receiving the reduced dose regimens were older by
9.8 to 11.3 years and had more comorbidities resulting
in higher CHA2DS2-VASc and modified HAS-BLED scores
(►Table 3 and►Table S4 in the►Supplementary Appendix).

►Figs. 4 and 5 display results for effectiveness and safety
outcomes for reduced and standard NOAC doses compared
with phenprocoumon. For apixaban, both reduced and stan-
dard doses were associated with significant risk reductions in
the primary and secondary effectiveness outcomes. Concern-
ing all-cause mortality, the standard dose of apixaban was
associated with a lower risk of death compared with phen-
procoumon (HR: 0.84, 95% CI: 0.74–0.96), whereas there was
no significant difference for the reduced apixaban dose (HR:
1.07, 95%CI:0.97–1.19). For patientsondabigatran, therewere
no significant differences in the risk of effectiveness outcomes
when treated with 2 � 110 mg compared with patients trea-
ted with phenprocoumon, whereas therapy with dabigatran
2 � 150 mgwas associatedwith significantly lower risks of all
effectiveness outcomes. For rivaroxaban, effectiveness out-
comes compared with phenprocoumon were similar for
both doses except the outcome death from any cause. Patients
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Thrombosis and Haemostasis Vol. 118 No. 3/2018



Table 1 Baseline characteristics of the study population

Characteristic Phenprocoumon
n ¼ 23,823

Any NOAC
n ¼ 37,382

Apixaban
n ¼ 10,117

Dabigatran
n ¼ 5,122

Rivaroxaban
n ¼ 22,143

Patient demographics

Age (mean � SD) 75.2 (9.5) 72.7 (11.7) 74.5 (11.4) 71.7 (11.6) 72.1 (11.8)

Male (%) 53.3 53.8 51.4 55.1 54.7

Medical history

CHA2DS2-VASc score (mean � SD) 4.0 (1.6) 3.7 (1.8) 4.0 (1.8) 3.7 (1.8) 3.5 (1.8)

Modified HAS-BLED score
(mean � SD)

2.8 (1.1) 2.6 (1.2) 2.8 (1.2) 2.6 (1.2) 2.5 (1.2)

Charlson Comorbidity Index
(mean � SD)

3.4 (2.6) 3.0 (2.6) 3.4 (2.7) 2.9 (2.5) 2.9 (2.5)

Number of hospitalizations
(mean � SD)

1.2 (1.3) 1.3 (1.3) 1.3 (1.3) 1.3 (1.2) 1.2 (1.3)

Hospitalization within 30 d before
first dispensation (%)

46.3 61.0 62.3 62.6 60.0

Hospitalization due to stroke/SE within
30 d before first dispensation (%)

3.6 6.9 10.2 11.2 4.4

Comorbidities

Ischaemic stroke or TIA (%) 11.9 15.0 20.1 21.7 11.2

Myocardial infarction (%) 8.3 5.1 5.7 5.5 4.8

Renal insufficiency (%) 23.6 16.8 21.0 12.3 15.9

Congestive heart failure (%) 39.7 36.7 35.5 30.7 32.5

Coronary heart disease (%) 46.6 36.7 38.3 36.0 36.1

Hypertension (%) 88.2 84.8 87.0 84.4 83.8

Cancer (%) 19.7 18.5 19.8 17.5 18.2

Moderate or severe liver disease (%) 0.6 0.4 0.6 0.2 0.4

Dementia (%) 7.1 8.5 10.8 6.5 7.9

Atherosclerosis (%) 7.5 5.7 6.3 5.3 5.6

Hemiplegia (%) 6.2 9.3 12.9 12.7 6.9

Thyroid dysfunction (%) 28.6 28.5 29.9 27.8 28.0

COPD (%) 29.9 27.5 27.7 26.1 27.8

Diabetes mellitus (%) 37.0 32.3 33.4 30.2 32.2

Obesity (%) 24.9 23.6 22.9 22.4 24.3

Mobility and gait disorders (%) 10.5 11.7 15.4 9.9 10.4

Senility (%) 5.6 6.3 8.9 4.5 5.5

Any bleeding event (%) 8.8 8.0 9.3 7.2 7.6

Concomitant medications

Antiplatelet drugs (%) 25.3 23.9 26.5 25.1 22.5

ASA (%) 19.3 19.1 21.2 19.3 18.1

NSAIDs (%) 35.4 36.4 35.8 35.5 36.9

β-Blocker (%) 82.2 82.4 81.9 82.3 82.6

Amiodarone (%) 6.5 4.9 5.0 4.1 5.1

Diuretics (%) 54.3 44.8 48.5 41.6 43.9

Antipsychotics (%) 4.4 5.7 7.3 4.7 5.2

Proton-pump inhibitors (%) 43.9 44.1 46.0 44.0 43.6

Abbreviations: ASA, acetylsalicylic acid; CHA2DS2-VASc, congestive heart failure, hypertension, age, diabetes mellitus, stroke/TIA, vascular disease,
age, sex category, modified; COPD, chronic obstructive pulmonary disease; HAS-BLED, hypertension, abnormal renal/liver function, stroke, bleeding
history or predisposition, elderly, drugs/alcohol concomitantly; NSAIDs, nonsteroidal anti-inflammatory drugs; TIA, transient ischaemic attack.
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treatedwith reduceddose rivaroxabanhadan increased riskof
all-causemortality comparedwithphenprocoumon (HR:1.17,
95% CI: 1.07–1.27).

Apixaban given at reduced or standard dosewas associated
with lower risks of all types of bleeding events comparedwith
phenprocoumon.With respect to dabigatran, both doses were
associatedwith lower risks of major and intracranial bleeding
and similar risk of gastrointestinal bleeding. The use of dabi-
gatran 2 � 150 mg led to risk reduction of any bleeding
compared with phenprocoumon (HR: 0.70, 95% CI: 0.53–
0.93), while the risk of any bleeding was similar between
phenprocoumon and dabigatran 2 � 110 mg users. Both
reduced and standard doses of rivaroxaban had similar risks
of major and any bleeding compared with phenprocoumon.
The risk of intracranial bleeding was reduced for both rivar-
oxaban doses compared with phenprocoumon, whereas the
risk of gastrointestinal bleeding was higher for both doses
when compared with phenprocoumon.

Discussion

Main Findings
The present study is the first to compare the effectiveness
profiles of NOACs to that of phenprocoumon in a real-world
setting comprisingmore than 61,000 patients with AF. There
are several important new findings of this study: First,
NOACs demonstrated improved effectiveness in preventing
stroke over phenprocoumon. Second, improved effectiveness
was confirmed in prespecified sensitivity analyses. Third,
safety findings confirmed previous observations demon-
strating better safety profiles of NOACs versus phenprocou-
mon. Furthermore, this is the first study comparing reduced
and standard NOAC dosing versus phenprocoumon. Impor-
tantly, reduced dose NOAC regimens, preferentially used in
patients with more advanced age and more comorbidities,

displayed similar effectivity and safety benefits relative to
phenprocoumon as the standard-dose NOAC regimens.

Stroke Prevention with NOACs versus
Phenprocoumon
Several real-world studies have confirmed the effectiveness of
NOACs versus warfarin with respect to stroke prevention in
AF.11–14 For instance, in comparison towarfarin, apixabanwas
associated with lower risk of stroke, whereas dabigatran and
rivaroxabanwereassociatedwithsimilar riskof stroke inoneof
the largest respective studies comprising 125,243 patients.11

Similarly, Li et al showed in the largest real-world comparison
of apixaban versus warfarin that initiation of this NOAC was
associated with significant risk reductions in stroke/SE.12

Prior to our study, no effectiveness comparisons of NOACs
versus phenprocoumon have been published. Phenprocou-
mon represents themost commonly prescribed VKA in some
countries including Germany.15 Consistent with the pivotal
phase 3 trials and above-mentioned real-world data, the
present study demonstrates that NOACs are generally more
effective than phenprocoumon for the prevention of cardi-
ovascular events in patients with AF. These observations
were confirmed in two prespecified sensitivity analyses.
Utilizing PSM (instead of Cox proportional hazard analysis)
to adjust for baseline confounders, consistent observations
were made. This is reassuring and reflects the robustness of
the results to the various model assumptions. The extended
follow-up analysis revealed similar results for apixaban and
dabigatran providing evidence that results are robust irre-
spective of differences in follow-up time. For rivaroxaban,
the results of the main analysis were slightly attenuated
when longer follow-up was analysed.

Furthermore, the efficacy of OAC using VKA for stroke
prevention is closely related to the quality of international
normalized ratio (INR) control, as reflected by time in

Table 2 Number of effectiveness and safety events, crude event rates and adjusted event rates per 100 person-years according to
initiated treatment

Outcome Phenprocoumon Apixaban Dabigatran Rivaroxaban

Events Crude
rate

Adjusted
rate

Events Crude
rate

Adjusted
rate

Events Crude
rate

Adjusted
rate

Events Crude
rate

Adjusted
rate

Effectiveness outcomes

Stroke/SE 597 2.5 2.2 226 2.7 1.7 104 2.2 1.5 456 2.2 1.8

Stroke 510 2.1 1.9 196 2.3 1.4 91 1.9 1.3 396 1.9 1.5

Ischaemic
stroke

399 1.7 1.4 165 1.9 1.2 82 1.7 1.2 322 1.6 1.2

Haemorrhagic
stroke

119 0.5 0.4 25 0.3 0.2 10 0.2 0.1 78 0.4 0.3

Death from any
cause

1595 6.7 4.6 804 9.4 4.4 253 5.2 3.7 1509 7.2 4.6

Safety outcomes

Major bleeding 692 2.9 2.3 167 2.0 1.4 80 1.7 1.5 568 2.7 2.3

Intracranial
bleeding

175 0.7 0.6 35 0.4 0.3 20 0.4 0.3 106 0.5 0.4

Gastrointestinal
bleeding

730 3.0 2.4 213 2.5 1.7 123 2.6 2.2 759 3.7 2.9

Any bleeding 2573 11.4 9.8 822 10.0 7.7 393 8.5 7.9 2276 11.5 10.1
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therapeutic range (TTR). Unfortunately, INR measurements
were not available in our study. In general, ‘real-world’ obser-
vational studies from Germany utilizing different methodol-
ogies and various data sources reported highly variable TTR
values, ranging from 56% in a retrospective analysis of clinical
data to 75% in a prospective registry ofdaily care patients.16–18

However, a systematic selection bias assuming only poor
quality treatment of VKA in our study is highly unlikely.

Furthermore, the efficacy and safety of OAC therapy
strongly depends on medication adherence and persistence.
In general, real-world studies reported highly variable adher-

ence and persistence for all OACs.19 For example, a recently
published study using primary care data from Germany
found that 37.1% apixaban, 43.4% rivaroxaban, 49.9% dabiga-
tran and 42.5% VKA patients discontinued their treatment
after 1 year follow-up, whereas a study from Sweden found
1-year discontinuation rates between 14.9 and 25.6%.20,21

Similar evidence was reported by U.S. claim databases.22,23

Unfortunately, medication adherence and persistence data
are lacking in this study. Therefore, benefits of NOACs over
phenprocoumon could potentially be related in part to better
persistence and adherence.

Fig. 2 Adjusted hazard ratios with 95% confidence intervals for effectiveness outcomes (Cox, Cox proportional hazard model; PSM, propensity
score matching analysis; follow-up, extended follow-up analysis).
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Safety Comparison between NOAC and
Phenprocoumon
In the randomized trials comparing NOACs to VKA, the direct
oral anticoagulants had generally better safety features than
VKA.1–4We have recently published the first real-world data
comparing safety outcomes for NOACs versus phenprocou-
mon.5 These initial observations could be confirmed and
extended in the present study. In the overall population,
apixaban in particular was associated with a significantly
better safety profile than phenprocoumon including a 29%

reduction in gastrointestinal bleeding risk. Unlike apixaban,
dabigatran carried a similar risk of gastrointestinal bleeding
when comparedwith phenprocoumon.With respect to other
safety outcomes, the results for dabigatran were similar to
that of apixaban. For rivaroxaban, the observed higher risk of
gastrointestinal bleeding along with similar risks of major
and any bleeding compared with phenprocoumon is in line
with the results of the ROCKET trial.2

In the present study, 336 intracranial bleeding events were
observed. This large number of events allowed for a robust risk

Fig. 3 Adjusted hazard ratios with 95% confidence intervals for safety outcomes (Cox ¼ Cox proportional hazard model; PSM, propensity score
matching analysis; follow-up, extended follow-up analysis).
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assessment of this most feared complication of anticoagula-
tion therapy. After adjusting for baseline confounders, the
highest risk reduction was observed for apixaban followed
by dabigatran and rivaroxaban.

Our observations are also in agreement with the recently
published real-world safety data comparing warfarin to
different NOACs.11,24 For instance, Lip et al,24 using data
froma largeU.S. insurance database, found that apixaban and
dabigatranwere associatedwith a significantly lower risk for
major bleeding thanwarfarin, whereas rivaroxaban carried a
similar riskofmajor bleeding when comparedwithwarfarin.

Similarly, Yao et al11 showed that all three NOACs were
associated with lower intracranial bleeding rates than war-
farin,whereas onlyapixabanwas associatedwith a reduction
in gastrointestinal bleeding.

A similar pattern inbleeding ratesbetweendifferentNOACs
was also reported in the Dresdner NOAC registry.25–27 How-
ever, because all NOACs were evaluated in separate cohorts
and at different time periods and adhering to differences in
patient selection criteria and bleeding definitions, the magni-
tude of the crude event rates reported in the Dresdner NOAC
registry was different from those in our study.

Fig. 4 Adjusted hazard ratios with 95% confidence intervals and p-values for interactions of effectiveness outcomes for the low and standard
dose of apixaban, dabigatran, and rivaroxaban compared with phenprocoumon.

Effectiveness and Safety on NOACs in AF Hohnloser et al.12

Thrombosis and Haemostasis Vol. 118 No. 3/2018



Concomitant Medical Therapy
In our study, there was a high prevalence of use of drugs
known to increase bleeding risk (antiplatelets or NSAIDs) in
all treatment groups. The common prescription of NSAIDs
might be related to our collective of elderly patients who are
at increased risk of experiencing chronic pain and inflam-
mation associated with a wide variety of clinical conditions.
The high prevalence of cardiovascular diseases observed
among our patients may be responsible for the high rate of
antiplatelet therapy. However, a comparably high incidence
of concomitant antiplatelet therapy was observed in clinical
trials.2,3 Since the proportion of patients using NSAIDs and

antiplatelets was similar for all exposure groups and both
medications were controlled for in the statistical analyses,
this should not have impacted our results.

Reduced versus Standard NOAC Dosing: Effectiveness
and Safety
A high proportion of patients are prescribed NOAC treatment
at lower thanstandarddoses.28Althoughthereare cleardosing
recommendations for each NOAC, clinical patient character-
istics may largely be responsible for prescription of reduced
NOAC doses. To elucidate this relationship, additional effec-
tiveness and safety dataof reduceddoseNOAC regimensneeds

Fig. 5 Adjusted hazard ratios with 95% confidence intervals and p-values for interactions of safety outcomes for the low and standard dose of
apixaban, dabigatran, and rivaroxaban compared with phenprocoumon.
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to be obtained from real-world data. The present study, there-
fore, provides a unique opportunity to evaluate reasoning,
effectiveness, and safety of reduced NOAC dosing.

Therewere distinct differences in patient characteristics for
subjects prescribed reduced versus standard NOAC doses:
Patients receiving reduced doses were older by � 10 years
and suffered from significantly more comorbidities compared
with patients receiving the standard dose. Unfortunately, renal
function parameters were not available from the database
used, but considering the older age, higher incidence of con-
gestiveheart failure, coronary disease and other comorbidities,
it can be assumed that renal function was more often com-
promised in subjects receiving reduced dose NOAC therapy.

Importantly, the advantage in stroke prevention compared
with phenprocoumon was similar in patients receiving the
reduced dose of apixaban (2 � 2.5 mg), indicating that
patients meeting dose reduction criteria derive similar bene-
fits fromapixaban treatmentover phenprocoumonaspatients
eligible for the standard dose. Riskofdeath fromanycausewas
significantly reduced inpatients receiving standard-dose apix-
aban, while being similar to phenprocoumon in patients
receiving reduced dose apixaban. This is not surprising given
the very advanced age and themultiple comorbidities of these
patients making age by itself increasingly important as the
main driver of mortality. Our observations are in line with
those from a very large real-world study where reduced dose
apixaban also had similar benefits as the standard dose
regarding stroke and bleeding risk compared with warfarin.12

For dabigatran, somewhat different effects of the two doses
on thromboembolic and bleeding outcomes were observed,
which, however, were consistent with the results of the RE-LY
trial.1Use of the reduced dabigatran dosewas associatedwith
thromboembolic and bleeding risks comparable to that of
phenprocoumon, the only exception being the outcomes
major and intracranial bleeding (lower risk compared with
phenprocoumon). Thehighdose ofdabigatran clearly revealed
a favorable benefit–risk profile over phenprocoumon with
lower risk of stroke/SE and bleeding outcomes, except for
gastrointestinal bleeding which was similar for users of
high-dosedabigatran andphenprocoumon. It should benoted,
however, that the high-dose dabigatran regimen was used in
theyoungest patient subgroupwith the lowest CHA2DS2-VASc,
HAS-BLED, and comorbidity scores. These more favorable
effectiveness and safety outcomes in younger patients are in
linewith thefindings of the RE-LY trial.29Rivaroxaban showed
similar effectiveness and safety data for both doses. The only
exceptionwas theoutcomedeath fromanycauseforwhichuse
of reduced dose was associated with an increased risk com-
pared with phenprocoumon.

Limitations of the Study
Some limitations of our study need to be considered. All
analyses are subject to several limitationswhich are inherent
to any retrospective data analysis. Despite all attempts to
adjust for important baseline confounders by applying var-
ious statistical methods including PSM, residual bias cannot
be entirely excluded. However, the large patient sample size
and the consistency of results with previously published

real-world studies and clinical trials indicate that our obser-
vations are robust. Another concern may be the potential for
coding errors inherent to retrospective analysis of claims
databases. However, one can expect that residual bias asso-
ciated with coding errors may be similar for all exposure
groups and thus should not meaningfully influence the
assessment of our outcomes. The lack of INR measurements
and laboratory data on renal function represents another
inherent limitation of our study.

Conclusion

Results from this large real-world data analysis demonstrate
that NOACs have better effectiveness and safety character-
istics than phenprocoumon. Reduced NOAC dosing regimens
were prescribed preferentially to patients with advanced age
and comorbidities. The reduced dosing regimens of apixaban
and rivaroxaban showed a similar effectiveness and safety
profile comparedwith phenprocoumon as the standard-dose
regimens.

What is known about this topic?

• All pivotal trials have demonstrated that non–vitamin
K antagonist oral anticoagulants (NOACs) are not infer-
ior or superior to warfarin for stroke prevention in
nonvalvular atrial fibrillation (NVAF).

• In some regions of the world, phenprocoumon is the
most widely used vitamin K antagonist (VKA) in clin-
ical practice.

• There is little evidence documenting the effectiveness
and safety of NOACs over phenprocoumon.

• Only limited experience is available from the trials
regarding the efficacy and safety of reduced NOAC
dosing regimens.

What does this paper add?

• Using multiple Cox regression models and propensity
score matching (PSM), the risk of stroke or systemic
embolism (SE) and bleedings leading to hospital
admission during therapy with NOACs and phenpro-
coumon was evaluated.

• NOACs demonstrated improved effectiveness in pre-
venting stroke over phenprocoumon.

• Reduced doses of NOACs were predominantly used in
patients with advanced age and comorbidities with
generally similar effectiveness and safety benefits com-
pared with phenprocoumon as standard-dose NOACs.

• The present study is the first to compare the effective-
ness profiles of NOACs to that of phenprocoumon in a
real-world setting comprising more than 61,000
patients with AF.

• Furthermore, this is one of the first studies com-
paring reduced and standard NOAC dosing versus
phenprocoumon.

Effectiveness and Safety on NOACs in AF Hohnloser et al.14

Thrombosis and Haemostasis Vol. 118 No. 3/2018



Effectiveness and Safety on NOACs in AF Hohnloser et al. 15

Funding
This study was sponsored by Bristol-Myers Squibb and
Pfizer.

Conflict of Interests
Professor Hohnloser has served as a consultant for Bayer,
BMS/Pfizer, Boehringer Ingelheim, Daiichi Sankyo and
Jansen. Professor Nabauer has received lecture fees from
Bayer, BMS/Pfizer, Boehringer Ingelheim and Daiichi San-
kyo. Dr. Hohmannhas served as a consultant for Pfizer and
received grants from Orion Pharma. Dr. Basic is employee
of Pfizer Deutschland GmbH. The authors have indicated
that they have no other conflicts of interest regarding the
content of this article.

Addendum
Stefan H. Hohnloser and Edin Basic have conceived the
study and developed the protocol, supervised data collec-
tion and statistical analyses, and wrote the first draft of
the paper.
Drs. Hohmann and Nabauer have critically revised the
manuscript.
All authors have had access to the data.

References
1 Connolly SJ, Ezekowitz MD, Yusuf S, et al; RE-LY Steering Com-

mittee and Investigators. Dabigatran versus warfarin in patients
with atrial fibrillation. N Engl J Med 2009;361(12):1139–1151

2 Patel MR, Mahaffey KW, Garg J, et al; ROCKET AF Investigators.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N
Engl J Med 2011;365(10):883–891

3 Granger CB, Alexander JH, McMurray JJV, et al; ARISTOTLE Com-
mittees and Investigators. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl J Med 2011;365(11):981–992

4 Giugliano RP, Ruff CT, Braunwald E, et al; ENGAGE AF-TIMI 48
Investigators. Edoxaban versus warfarin in patients with atrial
fibrillation. N Engl J Med 2013;369(22):2093–2104

5 Hohnloser SH, Basic E, Nabauer M. Comparative risk of major
bleeding with new oral anticoagulants (NOACs) and phenprocou-
mon in patients with atrial fibrillation: a post-marketing surveil-
lance study. Clin Res Cardiol 2017;106(08):618–628

6 Andersohn F, Walker J. Characteristics and external validity of the
German Health Risk Institute (HRI) Database. Pharmacoepide-
miol Drug Saf 2016;25(01):106–109

7 Hastie T, Tibshirani R, Friedman JH. The Elements of Statistical
Learning: Data Mining, Inference, and Prediction. 2nd ed. New
York, NY: Springer; 2009

8 Schoenfeld D. Partial residuals for the proportional hazards
regression model. Biometrika 1982;69:239–241

9 Rosenbaum PR, Rubin DB. The central role of the propensity score
in observational studies for causal effects. Biometrika 1983;
70:41–55

10 Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-
score matched samples. Stat Med 2009;28(25):3083–3107

11 Yao X, Abraham NS, Sangaralingham LR, et al. Effectiveness and
safety of dabigatran, rivaroxaban, and apixaban versuswarfarin in
nonvalvular atrial fibrillation. J Am Heart Assoc 2016;5(06):
e003725

12 Li XS, Deitelzweig S, Keshishian A, et al. Effectiveness and safety of
apixaban versuswarfarin in non-valvular atrial fibrillation patients
in “real-world” clinical practice. A propensity-matched analysis of
76,940 patients. Thromb Haemost 2017;117(06):1072–1082

13 Seeger JD, Bykov K, Bartels DB, Huybrechts K, Zint K, Schneeweiss
S. Safety and effectiveness of dabigatran and warfarin in routine
care of patients with atrial fibrillation. Thromb Haemost 2015;
114(06):1277–1289

14 Gorst-Rasmussen A, Lip GY, Bjerregaard Larsen T. Rivaroxaban
versus warfarin and dabigatran in atrial fibrillation: comparative
effectiveness and safety in Danish routine care. Pharmacoepide-
miol Drug Saf 2016;25(11):1236–1244

15 Hein L. Antikoagulantien und Thrombozytenaggregationshem-
mer. In: Schwabe U, Paffrath D, eds. Arzneiverordnungs-Report
2009. Berlin, Heidelberg: Springer; 2009:381–395

16 McBride D, Brüggenjürgen B, Roll S, Willich SN. Anticoagulation
treatment for the reduction of stroke in atrial fibrillation: a cohort
study to examine the gap between guidelines and routinemedical
practice. J Thromb Thrombolysis 2007;24(01):65–72

17 Prochaska JH, Göbel S, Keller K, et al. Quality of oral anticoagulation
with phenprocoumon in regular medical care and its potential for
improvement in a telemedicine-based coagulation service–results
from the prospective, multi-center, observational cohort study
thrombEVAL. BMC Med 2015;13:14

18 Michalski F, Tittl L, Werth S, et al. Selection, management, and
outcome of vitamin K antagonist-treated patients with atrial
fibrillation not switched to novel oral anticoagulants. Results
from the Dresden NOAC registry. Thromb Haemost 2015;114
(05):1076–1084

19 Raparelli V, Proietti M, Cangemi R, Lip GY, Lane DA, Basili S.
Adherence to oral anticoagulant therapy in patients with atrial
fibrillation. Focus on non-vitamin K antagonist oral anticoagu-
lants. Thromb Haemost 2017;117(02):209–218

20 Collings SL, Lefèvre C, Johnson ME, et al. Oral anticoagulant
persistence in patients with non-valvular atrial fibrillation: A
cohort study using primary care data in Germany. PLoS One 2017;
12(10):e0185642

21 Forslund T, Wettermark B, Hjemdahl P. Comparison of treatment
persistence with different oral anticoagulants in patients with
atrial fibrillation. Eur J Clin Pharmacol 2016;72(03):329–338

22 McHorney CA, Crivera C, Laliberté F, et al. Adherence to non-
vitamin-K-antagonist oral anticoagulant medications based on
the Pharmacy Quality Alliancemeasure. CurrMed Res Opin 2015;
31(12):2167–2173

23 Yao X, AbrahamNS, Alexander GC, et al. Effect of adherence to oral
anticoagulants on risk of stroke and major bleeding among
patients with atrial fibrillation. J Am Heart Assoc 2016;5(02):
e003074

24 Lip GY, Keshishian A, Kamble S, et al. Real-world comparison of
major bleeding risk among non-valvular atrial fibrillation
patients initiated on apixaban, dabigatran, rivaroxaban, or war-
farin. A propensity score matched analysis. Thromb Haemost
2016;116(05):975–986

25 Beyer-Westendorf J, Ebertz F, Förster K, et al. Effectiveness and
safety of dabigatran therapy in daily-care patients with atrial
fibrillation. Results from the Dresden NOAC Registry. Thromb
Haemost 2015;113(06):1247–1257

26 Hecker J, Marten S, Keller L, et al. Effectiveness and safety of
rivaroxaban therapy in daily-care patients with atrial fibrillation.
Results from the Dresden NOAC Registry. Thromb Haemost 2016;
115(05):939–949

27 Helmert S, Marten S, Mizera H, et al. Effectiveness and safety of
apixaban therapy in daily-care patients with atrial fibrillation:
results from the Dresden NOAC Registry. J Thromb Thrombolysis
2017;44(02):169–178

28 Staerk L, Fosbøl EL, Lip GY, et al. Ischaemic and haemorrhagic
stroke associated with non-vitamin K antagonist oral anticoagu-
lants and warfarin use in patients with atrial fibrillation: a
nationwide cohort study. Eur Heart J 2017;38(12):907–915

29 Lauw MN, Eikelboom JW, Coppens M, et al. Effects of dabigatran
according to age in atrial fibrillation. Heart 2017;103(13):
1015–1023

Thrombosis and Haemostasis Vol. 118 No. 3/2018


	sd_th_01_18_hohnloser_123151_p535725
	200705_Pfizer_Hohnloser_ePrints_ohne_BI


