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Abstract

Objective: To establish the risk of major bleeding in direct oral anticoagulant (DOAC)
users (overall and by class) versus vitamin K antagonist (VKA) users, using health care
databases from four European countries and six provinces in Canada.

Methods: A retrospective cohort study was performed according to a similar proto-
col. First-users of VKAs or DOACs with a diagnosis of non-valvular atrial fibrillation
(NVAF) were included. The main outcome of interest was major bleeding and second-
ary outcomes included gastrointestinal (Gl) bleeding and intracranial haemorrhage
(ICH). Incidence rates of events per 1000 person years were calculated. Hazard ratios
(HRs) and 95% confidence intervals (95% CI) were estimated using a Cox propor-
tional hazard regression model. Exposure and confounders were measured and
analysed in a time-dependant way. Risk estimates were pooled using a random effect
model.

Results: 421 523 patients were included. The risk of major bleeding for the group of
DOACs compared to VKAs showed a pooled HR of 0.94 (95% Cl: 0.87-1.02).
Rivaroxaban showed a modestly increased risk (HR 1.11, 95% Cl: 1.06-1.16).
Apixaban and dabigatran showed a decreased risk of respectively HR 0.76 (95% ClI:
0.69-0.84) and HR 0.85 (95% Cl: 0.75-0.96).

Conclusions: This study confirms that the risk of major bleeding of DOACs com-
pared to VKAs is not increased when combining all DOACs. However, we

observed a modest higher risk of major bleeding for rivaroxaban, whereas for
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o Until now, this is the largest population-based cohort study that confirms that there is no

clinically relevant difference in overall major bleeding risk between VKAs and DOACs as a

e Younger patients (<75) tend to have a lower risk for major bleeding while treated with
DOACs versus VKAs.

European Medicines Agency o Rivaroxaban showed a modestly increased risk for major bleeding. Both rivaroxaban and

1 | INTRODUCTION

Since the introduction of the first direct oral anticoagulant (DOAC),
dabigatran, the treatment options for the prevention of ischaemic
stroke in patients with non-valvular atrial fibrillation (NVAF) have
broadened. Other DOACs including rivaroxaban and apixaban
followed quickly, and finally edoxaban was also approved for this spe-
cific indication. The randomised clinical trials (RCTs) and meta-analysis
of these trials showed that the DOACs are at least non-inferior to
warfarin, a vitamin K antagonist (VKA), in reducing the risk of stroke
and systemic embolism.1™® The risk of haemorrhagic stroke was signif-
icantly lower compared to warfarin; it was reduced by 51%.> How-
ever, the risk of gastrointestinal bleeding with DOACs was higher
compared to warfarin with a relative risk of 1.25%95% confidence
interval (95% CI) of 1.01-1.55.°> As the outcome of haemorrhagic
stroke is more life threatening than gastro-intestinal bleeding the
benefit-risk balance can be considered to be more positive than that
of warfarin.® Also, the fact that the pharmacokinetic profile of DOACs
was more predictable and not so much influenced by external factors
such as interacting co-medication or inter-current illnesses, as is the
case for warfarin, contributed to the popularity of DOACs as they did
not require frequent monitoring of anticoagulant activity at the anti-
thrombotic clinic. Therefore, DOACs are currently the preferred treat-
ment over VKAs for the prevention of ischaemic stroke in NVAF in
first initiators of oral anticoagulants according to both the European
and Canadian guidelines.””?

Several observational studies have been carried out to investigate
if the positive benefit-risk balance would hold in a real-life population,
as the clinical trials were conducted in a highly selected group of
patients.lo’15 These studies showed similar results as the RCTs,
although the evidence remains inconclusive on specific points. Studies
were not large enough to show differences in specific subpopulations

such as the elderly, those with impaired renal function and

dabigatran increased risk for Gl bleeding by approximately 20%.
e All individual DOACs reduced the risk for ICH, which is in line with the clinical trials results.

comorbidities. Also, there is insufficient information available about
the direct comparative effectiveness and safety within the class of
DOACs as the bleeding risk seems to vary between the different
drugs.t6"%?

The aim of this study was to pool the results from
pharmacoepidemiological studies using longitudinal data collected in
electronic health care databases from four different countries in
Europe and six different provinces in Canada, to characterise the risk
of major bleeding and stroke in DOAC users in a real-world setting.
This study also assessed differences in safety and effectiveness for
the individual DOACs and for different age groups.

2 | METHODS

This study is a follow-up study using the results from multiple retro-
spective cohort studies that were performed for the European Medi-
cines Agency to study the safety profile of DOACs. A common
protocol was used by all centres involved and is registered and
accessible under the European Network of Centres for Phar-
macoepidemiology and Pharmacovigilance (ENCePP) EU PAS regis-
ter number 16014. In the current article a summary is given of the
methodology used for the retrospective cohort studies. More
detailed information (e.g., definition of outcomes, variables and
exposure) can be found in Appendix A (Chapter 9.1c-9.3c pp.
16-18).

21 | Setting

Data were extracted from four European health care databases and
six Canadian provinces within the Canadian Network for Observa-
tional Drug Effect Studies (CNODES). The following European
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databases were used: the Danish National Registers (DK), “Allgemeine
Ortskrankenkasse” (AOK) NORDWEST in Germany, Base de Datos
para la Investigacion Farmacoepidemioldgica en Atencion Primaria
(BIFAP) in Spain and the Clinical Practice Research Datalink (CPRD) in
the United Kingdom. The following Canadian provinces were used:
British Colombia (BC), Alberta (AB), Saskatchewan (SK), Manitoba
(MB), Ontario (ON) and Nova Scotia (NS). Characteristics of these
databases such as the number of patients included, type of database,
available variables and coding dictionary used are presented in
Table 1.

2.2 | Study population

The study population comprised of all new DOAC (dabigatran,
rivaroxaban, apixaban) or VKA (warfarin, acenocoumarol, phenpro-
coumon) users in the period 2008-2015% (for Canada 2010-2015),
aged 218 years and with a diagnosis of NVAF.

The date of the first prescription of a VKA or DOAC defined the
start of cohort entry (index date). New users were defined as patients
initiating a DOAC or a VKA during the study period without any use
of these medicines for at least 12 months prior to cohort entry. Each
patient was followed until the outcome, the end of valid data collec-
tion, discontinuation or switching of treatment, loss to follow-up or
death, whichever came first.

2.3 | Outcome definition

The primary outcome of interest was the occurrence of a first
recorded major bleeding event during follow-up, including
haemorrhagic stroke and/or intracranial bleeding, gastrointestinal
bleeding, other extracranial or unclassified bleeding, and traumatic
intracranial bleeding. Outcomes were identified using relevant
Read codes, ICD-9, ICD-10, or ICPC-2 codes, depending on data
source (relevant codes available in Appendix A, Table A3.1, pp. 49-
52) Two independent analysis were also performed for gastrointes-
tinal and intracranial bleeding events. Occurrence of any stroke
(both ischaemic, haemorrhagic or unspecified stroke and transient

ischemic attacks, TIAs) was evaluated as a secondary outcome.

2.4 | Exposure definition

For each patient a period of current use was defined by constructing
treatment episodes of drug usage that allowed for a 30-day permissible
gap between the theoretical end date of the prescription and the sub-
sequent prescription. A treatment episode was defined as a series of
subsequent prescriptions for VKAs or DOACs, independent of dose
changes and constructed according to the method of Gardarsdottir

|20

et al.”" The preferred method for calculating the individual prescription

duration was by using information on the prescribed number of tablets

and the dosage. If this information was not available in the database,
the duration was estimated by using the median time between pre-
scription for the individual patients or using the most frequently occur-
ring estimated prescription duration for the specific drug in the study
population. A new row was created in case a patient switched from
one type of treatment to another within a treatment episode.

2.5 | Potential confounders

Potential confounders considered in this study were based on the
literature review (i.e., risk factors for major bleeding and stroke).
Important risk factors considered for major bleeding were thrombo-
cytopenia, hypertension, history of stroke/TIA, history of major
bleeding event, presence of malignancy, hepatic impairment,
concomitant use of medicines that modify haemostasis or increase
the gastrointestinal bleeding risk such as nonsteroidal anti-
inflammatory drugs, corticosteroids, selective serotonin reuptake
inhibitors, antiplatelet drugs; history of pulmonary embolism (PE) or
deep venous thrombosis (DVT) and peptic ulcer diseases. Risk fac-
tors for any stroke were prior stroke/TIA, PE/DVT, hypertension,
diabetes mellitus, congestive heart failure and other (cardio)vascu-
lar disease (angina, myocardial infarction, coronary heart disease,
aortic plaque and peripheral arterial disease). Additionally, lab-
values on estimated glomerular filtration rate (eGFR) as measure
for renal function were used where possible. Sex, weight (<50, 50-
100, >100 kg), body mass index (BMI), smoking status and alcohol
status were assessed at baseline (i.e., VKA or DOAC initiation) and
considered constant throughout follow-up. Age, comorbidities (var-
jous time intervals prior to the start of the time period), and co-
medication (6 months before each interval) use were considered as
time-dependent confounders and their status was updated when-
ever the exposure status changed, or when exposure state
exceeded 6 months at the start of each 6-month interval. It should
be noted that not all variables were available in each database
(Table 2). Relevant codes can be found in Appendix A, Tables A4.1-
A4.3, pp. 65-67.

2.6 | Data analysis

Baseline characteristics were summarised as means and SDs or pro-
portions where appropriate. Crude incidence rates of outcome events
per 1000 person years were calculated. Cox proportional hazard
regression analysis was used to estimate the risk of study outcomes
comparing current use of DOACs and current use of VKAs, expressed
as hazard ratios (HRs) with 95% confidence intervals (95% Cl). The
analysis was adjusted by entering the aforementioned risk factors sep-
arately in the model without any selection based on statistical signifi-
cance. Data were analysed using STATA 13 or SAS 9.3/4 software
and data analysts developed their own programs for data preparation

and analysis.
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TABLE 1

Source
population

Year(s) covered
for this study

Type of database

Data available
since

van den HAM ET AL.

Germany AOK NORDWEST
2.7 m

2008-2015

Claims database including data
for dispensed and reimbursed
drugs

2007

Demographic variables available

Date of
registration

Date of
transferring
out

Date of birth

Gender

Yes

Yes

MM-YY
Yes

Drug information available

Active
international
coding

Product coding

Date of

prescribing/
dispensing

Quantity
prescribed/
dispensed

Dosing
regimen

ATC

PZN

Primary care sector: Yes

Secondary care sector: Yes
(only for a few selected
[expensive] compounds, but
no VKA or DOAC
prescriptions)

Yes (package size)

No

Outcome information

Outpatient
primary care
diagnosis

Hospital
discharge
diagnosis

Laboratory
tests

Mortality

ICD-10-GM (quarterly base)

ICD-10-GM

No

No (incompletely recorded, e.g.
no follow-up for patients
leaving the AOK)

Characteristics of used electronic health care databases

Spain BIFAP
7.5m

2008-2015

General practice

2002

Yes

Yes

MM-YY

Yes

ATC

CNF

Yes

From 2011
dispensing is also
available

Yes

Yes

ICPC-2, ICD-9

Not systematically
recorded

Yes (as requested
by GP)

Yes (no cause of
death)

UK CPRD
125 m

2008-2015

General practice
prescribing
data

1987

Yes

Yes

MM-YY

Yes

BNF

Product code
Yes

Yes

Yes

ICD-9, ICD-10

ICD-9, ICD-10

Yes

Yes

Danish
National
Registers
55m
2008-2015

Dispensing
data

1994

Yes

MM-YY
Yes

ATC

Nordic article
Yes

Yes

No

Yes

ICD-8, ICD-
10

No

Yes

Canada CNODES
Approx. 11 m

2010-2015

Administrative data from
publicly funded health
insurance programs

Before 1990

Yes

MM-YY
Yes

ATC/AHFS

DIN

Yes

Yes

No

ICD-9-CM

ICD-10-CA

No

Yes

Abbreviations: AHFS, American Hospital Formulary Service; AOK NORDWEST, Allgemeine Ortskrankenkasse NORDWEST; ATC, Anatomical Therapeutic
Chemical; BIFAP, Base de Datos para la Investigacion Farmacoepidemioldgica en Atencion Primaria; BNF, British National Formulary; CA, Canada; CNF,
Cddigo nacional de farmaco; CM, Clinical Modification; CNODES, Canadian Network for Observational Drug Effect Studies; CPRD, Clinical Practice
Research Datalink; DIN, Drug Identification Number; DOAC, direct oral anticoagulant; GM, Germany; GP, general practitioners; ICD, International
Statistical Classification of Diseases and Related Health Problems; ICPC, International Classification of Primary Care; PZN, Pharmazentralnummer; UK,
United Kingdom; VKA, vitamin K antagonist.
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1.1 Major bleeding — overall

Data source event DOAC IR (11000py) event VKA IR (11000py) HR (95% CI)
Alberta, 18+ 303 160.10 1638 18340 0.92(0.81-1.04)
British Columbia, 18+ 2662 9320 2869 10,80 0.91(0.87-0.96)
Manitoba, 18+ 263 3020 a7 38.50 0.82 (0.70-0.95)
Nova Scoia 66+ 106 136.40 628 146.90 1.02 (0.83-1.25)
Ontario, 65+ 6544 62.50 2991 93.90 0.81(0.77-0.85)
Saskatchewan, 18+ 320 56.60 989 63.80 0,97 (0.85-1.11)
UK CPRD, 18+ 509 7870 4391 66.80 113 (1.02-1.25)
Spain Bifap, 18+ 721 58.70 326 66.60 0.95 (0.88-1.04)
Germany AOK, 18+ 2186 61.30 10967 48.70 1.07 (1.0241.12)
Denmark, 18+ 1241 26.60 3127 29.50 0.84 (0.79-0.90)

Random effects model
Heterogeneity. I* = 90%, +* = 0.0139, p < 0.01

0.94 (0.87-1.02)

02 05 1 2 5
. . . Favors DOAC Favors VKA
1.2 Major bleeding — dabigatran

Data source event DOAC IR (/1000py) event VKA IR (11000py) HR (95% C1)

Alberta, 18+ 157 138.50 1638 183.40 0.83 (0.70-0.98)
British Columbia, 18+ 995 8150 2869 110.80 0.78 (0.73-0.84)
Manitoba, 18+ 13 2490 a7 3850 0.74 (0.60-0.91)
Nova Scotia 65+ 50 17.90 628 146.90 0.88 (0.66-1.17)
Ontario, 65+ 2007 47.30 2991 93.90 0.65 (0.62-0.68)
Saskatchewan, 18+ 157 5250 989 6380 0.95 (0.80-1.13)
UK CPRD, 18+ 15 7160 4391 66.80 1.04 (0.86-1.25)
Spain Bifap, 18+ 21 52.60 3826 66.60 0.85 (0.74-0.98)
Germany AOK, 18+ 444 57.70 10967 48.70 1.06 (0.97-1.17)
Denmark, 18+ 685 2310 3127 2950 0.81(0.75-0.88)

Random effects model
Heterogeneity: /° = 92%, 1" = 0.0336, p < 0.01

0.85 (0.75.0.96)
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Favors dabigatran Favors VKA
1.3 Major bleeding — rivaroxaban
Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 138 20260 1638 18340 110 (0924132)
Briish Columbia, 18+ 1392 10930 2889 11080 111 (1.041.19)
Manitoba, 18+ 120 39.60 47 3850 1.01(0.82-1.24)
Nova Scotia,65+ 50 163.40 628 146.90 1.22(0.91-1.64)
Ontario, 65+ 3126 82.20 2991 93.90 1.08 (1.02-1.14)
Saskatchewan, 18+ 144 62.70 989 63.80 1.02(0.85-1.22)
UK CPRD, 18+ 289 87.50 4391 66.80 1.27 (1.121.44)
Spain Bifap, 18+ 376 62.20 3826 66.60 1.02 (0.91-1.13)
Germany AOK, 18+ 1424 67.60 10967 4870 120(1.13127)
Denmark, 18+ a0 370 327 2950 1.05 (0.94-1.18)

Random effects model
Heterogeneity: /= 48%, <= 0.0023, p = 0.04

1.11(1.06.1.16)

02 05 1 2 5
Favors rivaroxaban Favors VKA

FIGURE 1

1.4 Major bleeding — apixaban

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 8 102.00 1638 183.40 0.48 (0.24-0.96)
British Columbia, 18+ 215 76.20 2869 110.80 - 0.74 (0.65-0.84)
Manitoba, 18+ 30 26.00 417 38.50 e 0.65 (0.45-0.94)
Nova Scotia 65+ 6 126.90 628 146.90 — 0.93 (0.42-2.06)
Ontario, 65+ 141 5820 2991 93.90 - 0.66 (0.62-0.70)
Saskatchewan, 18+ 19 5180 989 63.80 —_—T 0.77 (0.49-1.21)
UK CPRD, 18+ 105 67.50 4391 66.80 — 0.94 (0.77-1.15)
Spain Bifap, 18+ 134 60.00 3826 66.60 -+ 0.98 (0.82-1.17)
Germany AOK, 18+ 318 46.10 10967 4870 - 0.73 (0.65-0.81)
Denmark, 18+ 215 28.90 3127 29.50 - 0.74 (0.64-0.85)
Random effects model - 0.76 (0.69-0.84)

Heterogeneity: /* = 69%, = 0.0139, p <0.01

02 05 1 2 5
Favors VKA

Favors apixaban

1.5 Major bleeding — overall DOAC stratified by age: under 75

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% C1)

Alberta, 18+ 115 11140 868 155.70 0.78 (0.64-0.95)
British Columbia, 18+ 1128 73.80 1153 97.80 0.82(0.76-0.89)
Manitoba, 16+ 102 23.20 191 36.50 0.70 (0.54-0.91)
Nova Scotia, 66+ 36 119.60 233 138.00 0.94 (0.66-1.34)
Ontario, 65+ 1710 4520 747 77.30 0.73 (0.67-0.80)
Saskatchewan, 18+ 126 40.70 367 52.60 0.87 (0.70-1.08)
UK CPRD, 18+ 186 64.30 1691 60.20 1.02 (0.87-1.21)
Spain Bifap, 18+ 242 49.60 1384 66.40 0.78 (0.68-0.90)
Germany AOK, 18+ 785 49.60 4781 4050 1.12(1.031.21)
Denmark, 18+ 426 15.60 1424 22,00 0.71 (0.64-0.80)

Random effects model
Heterogenelty: /° = 89%, ' = 0.0324, p < 0.01

0.84 (0.74.0.95)

02 05 1 2 5
Favors DOAC  Favors VKA

1.6 Major bleeding — overall DOAC stratified by age: over 75

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)

Alberta, 18+ 188 218.40 770 22920 1.03 (0.88-121)
British Columbia, 18+ 1534 115.60 1716 12160 0.99 (0.93-1.06)
Manitoba, 18+ 161 37.30 226 4040 0.93 (0.76-1.14)
Nova Scotia,65+ 70 147.00 395 152.60 1.05 (0.81-1.36)
Ontario, 65+ 4834 7230 2244 101.20 = 0.84 (0.79-0.89)
Saskatchewan, 18+ 194 75.80 622 72.90 1.06 {0.90-1.25)
UK CPRD, 18+ 323 90.40 2700 77 - 1.22 (1.07-1.38)
Spain Bifap, 18+ 479 64.71 2442 66.75 1.05 (0.95-1.17)
Germany AOK, 18+ 1401 70.50 6186 57.70 1.07 (1.01-1.14)
Denmark, 18+ 815 42.00 1703 4130 0.95 (0.87-1.04)

Random effects model
Heterogeneity: /* = 81%, v = 0.0106, p < 0.01

1.01(0.94-1.09)

0.2 05 1 2 5
Favors DOAC Favors VKA

Forest plots of major bleeding. (1.1) Major bleeding - overall DOAC. (1.2) Major bleeding - dabigatran. (1.3) Major bleeding -

rivaroxaban. (1.4) Major bleeding - apixaban. (1.5) Major bleeding - overall DOAC stratified by age: under 75. (1.6) Major bleeding - overall
DOAC stratified by age: over 75. AOK NORDWEST, Allgemeine Ortskrankenkasse NORDWEST; BIFAP, Base de Datos para la Investigacién
Farmacoepidemioldgica en Atencion Primaria; Cl, confidence interval; CPRD, Clinical Practice Research Datalink; DOAC, direct oral
anticoagulants; HR, Hazard Ratio; IR, incidence rate; py, person years; VKA, vitamin K antagonist; W, weight. 18+: patient population of 18 years
or older. 65-+: patient population of 65 years or older. S: cells with less than five events were suppressed by participating site due to privacy

restrictions

2.7 | Pooled analysis

All participating centres performed the analyses independently at their
local site according to a common protocol (ENCePP EU PAS register
number 16014). Investigators from individual sites were blinded to
results from other sites until all analyses were finalised. The HR results
were then pooled using a random effects model, assuming that the
true effect size may vary between studies. The I?> was calculated to
measure statistical heterogeneity. The analysis was performed using R
statistical software version 3.2.3. The results for patients younger and

older than 75 were also pooled.

3 | RESULTS

In total 421 523 users of anticoagulants with a diagnosis of NVAF
were identified of which 156 636 (37.2%) used a DOAC and
264 887 (62.8%) used a VKA. In the European countries, the use of

DOACs was lower than of VKAs, ranging from 14.9% in the United
Kingdom to 38.6% in Denmark. In Canada the majority of patients
were prescribed a DOAC (56.1%). A summary of baseline character-
istics of the population is given in Table 2. The mean age of
patients was similar across databases and the highest percentage of
all VKA and DOAC users were in the 75+ category. It should be
noted that two databases in Canada only included patients that
were 65 or older of age. The reported history of cardiovascular dis-
ease and hypertension was much higher in the AOK NORDWEST
and CNODES databases compared to the CPRD and BIFAP
databases.

For the primary outcome, major bleeding, the forest plots are
shown in Figure 1. The pooled HR for DOACs compared to VKAs was
found to be 0.94 with a 95% Cl of 0.87-1.02, suggesting some reduc-
tion in risk, although the Cl including 1 indicates that there is no supe-
riority of DOACs compared to VKAs. Differences were observed
between the individual DOACs. Rivaroxaban showed a modest
increased risk (HR 1.11, 95% Cl| 1.06-1.16). On the other hand,
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2.1 Gastro-intestinal bleeding — overall

Data source

Alberta, 18+ 101 78.10 721
British Columbia, 18+ 468 35.80 998
Manitoba, 18+ 64 13.90 194
Nova Scotia,65+ 33 70.50 247
Ontario, 65+ 1051 2420 1198
Saskatchewan, 18+ 85 27.50 459
UK CPRD, 18+ 4 25.30 1184
Spain Bifap, 18+ 90 2245 864
Germany AOK, 18+ 210 27.30 3649
Denmark, 18+ 399 13.40 1327

Random effects model
Heterogeneity: /* = 83%, 7" = 0.0301, p < 0.01

2.2 Gastro-intestinal bleeding — dabigatran

Data source

Alberta, 18+ 173 80.10 [pal
British Columbia, 18+ 1167 38.00 998
Manitoba, 18+ 150 16.90 194
Nova Scotia,65+ 58 66.70 247
Ontario, 65+ 2897 26.70 1198
Saskatchewan, 18+ 156 26.50 459
UK CPRD, 18+ 168 24.20 1184
Spain Bifap, 18+ 232 18.90 864
Germany AOK, 18+ 890 24.90 3649
Denmark, 18+ 656 14.10 1327

Random effects model
Heterogeneity: /* = 83%, *= 0.0179, p < 0.01

event DOAC IR (/1000py) event VKA IR (/1000py)

2.3 Gastro-intestinal bleeding — rivaroxaban

Data source

Alberta, 18+ 67 85.90 721
British Columbia, 18+ 604 43.90 998
Manitoba, 18+ 74 2410 194
Nova Scotia,65+ s s 247
Ontario, 65+ 1296 3250 1198
Saskatchewan, 18+ s s 459
UK CPRD, 18+ 92 2580 4391
Spain Bifap, 18+ 109 18.00 3826
Germany AOK, 18+ 559 26.50 10967
Denmark, 18+ 160 16.80 1327

Random effects model
Heterogeneity: /= 68%, 7° = 0.0073, p < 0.01

2.4 Gastro-intestinal bleeding — apixaban

Data source event DOAC IR (/1000py) event VKA
Alberta, 18+ s s 21
British Columbia, 18+ 95 2450 998
Manitoba, 18+ 12 10.10 194
Nova Scotia,65+ s H 247
Ontario, 65+ 550 2180 1198
Saskatchewan, 18+ s < 459
UK CPRD, 18+ 32 19.40 1184
Spain Bifap, 18+ 33 14.80 864
Germany AQK, 18+ 121 17.50 3649
Denmark, 18+ 96 12.90 1327

Random effects model
Heterogeneity: 1 = 49%, 7' = 0.0165, p = 0.04

event DOAC IR (/1000py) event VKA IR (/1000py)

event DOAC IR (/1000py) event VKA IR (/1000py)

HR (95% CI)

70.80 - 1.24 (1.01-1.52)
35.30 il 1.08 (0.97-1.21)
17.60 —a— 0.91(0.68-1.22)
52.70 — 1.52 (1.05-2.20)
35.80 - 0.94 (0.86-1.03)
28.30 T 1.18 (0.93-1.50)
16.50 .= 1.40 (1.17-1.67)
15.00 —a— 1.60 (1.28-1.99)
16.20 -+ 149 (1.29-1.71)
12.50 = 1.13 (1.01-1.26)
| : = | 121(1.074.37)
02 05 1 2 5
Favors DOAC Favors VKA
HR (95% CI)
70.80 1.19 (1.01-1.40)
35.30 - 1.18 (1.08-1.28)
17.60 1.00 (0.81-1.23)
52.70 I 1.40 (1.05-1.87)
35.80 0.94 (0.88-1.00)
28.30 1.06 (0.88-1.28)
16.50 —— 1.40 (1.17-1.67)
15.00 —-— 1.36 (1.17-1.58)
16.20 - 1.26 (1.15-1.39)
12.50 1.04 (0.95-1.15)
= 1.16 (1.05-1.28)
T T T 1
02 05 1 2
Favors dabigatran Favors VKA
HR (95% Cl)
70.80 - 1.19(0.93-1.52)
35.30 ] 1.40 (1.36-1.44)
17.60 —— 1.32 (1.00-1.74)
52.70 o 1.28 (0.82-2.00)
3580 - 1.17 (1.08-1.27)
28.30 —p— 1.04 (0.81-1.34)
66.80 ——— 1.50 (1.19-1.88)
66.60 —— 1.30 (1.06-1.59)
48.70 - 1.36 (1.25-1.49)
12.50 r— 1.14 (0.96-1.35)
- 1.28 (1.18-1.38)
T T T 1
02 05 1 2 5
Favors rivaroxaban Favors VKA
IR (/1000py) HR (95% CI)
70.80 _ 0.67 (0.28-1.60)
35.30 —— 0.76 (0.61-0.94)
17.60 — 0.54 (0.30-0.97)
52.70 P 1.19 (0.38-3.73)
35.80 - 0.66 (0.60-0.73)
28.30 —— 0.35(0.13-0.94)
16.50 = 1.08 (0.75-1.56)
15.00 —— 1.05 (0.74-1.50)
16.20 —=— 0.80 (0.66-0.96)
12.50 —a— 0.74 (0.60-0.92)
- 0.77 (0.67-0.87)
T T T 1
0.2 05 1 2 5
Favors apixaban  Favors VKA

FIGURE 2 Forest plots for gastro-
intestinal bleeding. (2.1) Gastro-intestinal
bleeding - overall. (2.2) Gastro-intestinal
bleeding - dabigatran. (2.3) Gastro-intestinal
bleeding - rivaroxaban. (2.4) Gastro-intestinal
bleeding - apixaban. AOK NORDWEST,
Allgemeine Ortskrankenkasse NORDWEST;
BIFAP, Base de Datos para la Investigacion
Farmacoepidemioldgica en Atencion Primaria;
Cl, confidence interval; CPRD, Clinical
Practice Research Datalink; DOAC, direct oral
anticoagulants; HR, Hazard Ratio; IR,
incidence rate; py, person years; VKA, vitamin
K antagonist; W, weight. 18+: patient
population of 18 years or older. 65+: patient
population of 65 years or older. S: cells with
less than five events were suppressed by
participating site due to privacy restrictions
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FIGURE 3 Forest plots for intracranial
haemorrhages. (i) Intracranial haemorrhages -
overall. (i) Intracranial haemorrhages -
dabigatran. (iii) Intracranial haemorrhages -
rivaroxaban. (iv) Intracranial haemorrhages -
apixaban. AOK NORDWEST, Allgemeine
Ortskrankenkasse NORDWEST:; BIFAP, Base
de Datos para la Investigacion
Farmacoepidemioldgica en Atencion Primaria;
Cl, confidence interval; CPRD, Clinical
Practice Research Datalink; DOAC, direct oral
anticoagulants; HR, Hazard Ratio; IR,
incidence rate; py, person years; VKA, vitamin
K antagonist; W, weight. 18+: patient
population of 18 years or older. 65+: patient
population of 65 years or older. S: cells with
less than five events were suppressed by
participating site due to privacy restrictions

apixaban showed a decreased risk (HR 0.76, 95% Cl 0.69-0.84) com-
pared to VKAs, as did dabigatran (HR 0.85, 95% Cl 0.75-0.96). Risk

3.1 Intracranial haemorrhages — overall

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 17 740 161 14.80 —_— 0.49 (0.29-0.83)
British Columbia, 18+ 347 11.00 540 18.60 - 0.70 (0.61-0.81)
Manitoba, 18+ 24 270 84 7.50 —_— 0.39 (0.25-0.61)
Nova Scotia,65+ ] L 29 590 T 0.23 (0.03-1.76)
Ontario, 65+ 338 3.00 240 7.00 — 0.52 (0.44-0.61)
Saskatchewan, 18+ 30 5.00 125 750 — 0.78 (0.52-1.17)
UK CPRD, 18+ 15 210 94 1.30 T 1.65 (0.90-3.02)
Spain Bifap, 18+ 1 0.90 105 1.80 e 0.57 (0.30-1.08)
Germany AOK, 18+ 17 0.50 97 040 — & — 0.63 (0.32-1.23)
Denmark, 18+ 92 2.00 390 3.70 —— 0.49 (0.39-0.62)
Random effects model e 0.60 (0.49-0.73)
Heterogeneity: /= 68%, ©* = 0.0527, p < 0.01 f ! ! ‘

0.2 05 1 2 5

Favors DOAC Favors VKA

3.2 Intracranial haemorrhages — dabigatran

Data source event DOAC IR (/1000py) event VKA IR {/1000py) HR (95% CI)
Alberta, 18+ 9 6.50 161 14.80 —_— 0.44 (0.23-0.84)
British Columbia, 18+ 149 11.10 540 18.60 —-— 0.63 (0.52-0.75)
Manitoba, 18+ 7 150 84 7.50 - 0.24 (0.11-0.52)
Nova Scotia,65+ £ s 29 5.90
Ontario, 65+ 78 1.80 240 7.00 —— 0.32(0.24-0.43)
Saskatchewan, 18+ 14 440 125 7.50 — 0.73 (0.421.27)
UK CPRD, 18+ B s 94 130 0.87 (0.21-3.57)
Spain Bifap, 18+ s B 105 1.80 i E— 0.78 (0.32-1.92)
Germany AOK, 18+ s s 97 0.40 — 0.89 (0.28-2.83)
Denmark, 18+ 41 140 390 370 — 0.37 (0.27-0.51)
Random effects model e—— 0.48 (0.36-0.65)
Hetercgenelty"‘l":ﬁg%‘ r2:U1117,p<Dl]1 ! T ! !

0.2 05 1 2 5

Favors dabigatran Favors VKA

3.3 Intracranial haemorrhages — rivaroxaban

HR (95% CI)

0.62 (0.30-1.28)
0.80 (0.66-0.96)
0.48 (0.26-0.89)

Data source event DOAC IR (/1000py) event VKA IR (/1000py)

Alberta, 18+ 8 9.50 161 14.80 —_—1
British Columbia, 18+ 157 11.10 540 18.60 —
Manitoba, 18+ 1" 3.50 84 7.50 —_—

Nova Scotia,65+ s % 29 5.90

Ontario, 65+ 167 410 240 7.00 ——
Saskatchewan, 18+ s s 125 7.50 —_— 1
UK CPRD, 18+ 1 3.00 94 1.30

Spain Bifap, 18+ s s 105 1.80 —
Germany AOK, 18+ 10 0.50 97 0.40 — 1
Denmark, 18+ 31 3.30 390 370 —=T
Random effects model ol

0.56 (0.08-3.92)
0.71 (0.58-0.87)
0.79 (0.44-142)

——————— 237(1194.71)

0.32 (0.10-1.02)
0.64 (0.28-148)
0.74 (0.51-1.08)

0.75 (0.61-0.92)

Heterogeneity: /* = 44%, 7° = 0.0357, p = 0.06

02 05 1 2 5
Favors rivaroxaban Favors VKA
3.4 Intracranial haemorrhages — apixaban

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ B s 161 14.80
British Columbia, 18+ 41 10.30 540 18.60 —— 0.73 (0.53-1.02)
Manitoba, 18+ 6 500 84 750 —_—r 0.65 (0.28-1.51)
Nova Scotia,65+ s H 29 5.90
Ontario, 65+ 93 3.60 240 7.00 —— 0.54 (0.42-0.69)
Saskatchewan, 18+ s s 125 7.50 0.99 (0.31-3.16)
UK CPRD, 18+ s s 94 1.30 0.95 (0.22-4.04)
Spain Bifap, 18+ s s 105 1.80 —_— 0.87 (0.27-2.78)
Germany AOK, 18+ B s 97 0.40 ——T 0.32 (0.04-2.29)
Denmark, 18+ 20 270 390 370 —_— 0.54 (0.34-0.85)
Random effects model s 0.61 (0.51-0.72)
Heterogeneity: /2= 0%, =0, p = 0.75 ! ! ‘ !

0.2 05 1 2 5

Favors apixaban Favors VKA

differed by age group; for those 275 years old, HR was 1.01, 95% ClI overlapping (Figure 1-1.5,1.6).

was 0.94-1.09, while for those <75 HR was 0.84, 95% CI of 0.74-

0.95. However, this was not statistically significant as Cls were still
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In Figures 2 and 3, the forest plots for specific bleeding events 95% Cl 1.05-1.28). When assessing the different DOACs separately,
are shown. Figure 2 shows that the overall risk for Gl bleeding for a lower risk compared to VKAs was observed for apixaban with a HR
DOACs compared to VKAs observed was slightly higher (HR 1.16, of 0.77 and a 95% CI of 0.67-0.87. A higher risk was observed for

4.1 Stroke — overall

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 82 37.20 362 34.30 —— 1.06 (0.83-1.35)
British Columbia, 18+ 339 10.70 447 15.40 —- 0.80 (0.69-0.92)
Manitoba, 18+ 81 9.10 150 13.60 —a— 0.74 (0.56-0.98)
Nova Scotia,65+ 13 14.20 65 13.40 I 1.15 (0.63-2.10)
Ontario, 65+ 2104 19.40 1046 31.00 - 0.74 (0.68-0.81)
Saskatchewan, 18+ 186 3240 626 39.40 — 0.89 (0.76-1.04)
UK CPRD, 18+ 205 30.60 1352 19.10 —-— 1.76 (1.50-2.08)
Spain Bifap, 18+ 190 14.60 822 12.90 - 1.18 (1.00-1.39)
Germany AOK, 18+ 714 20.00 4279 19.00 - 0.88 (0.81-0.95)
Denmark, 18+ 686 14.70 1270 12.00 o 1.06 (0.96-1.16)
Random effects model i ; =T ; : 0.98 (0.84-1.15)

Heterogeneity: 1 = 92%, 1° = 0.0541, p < 0.01
0.2 05

N}
o

Favors DOAC Favors VKA

4.2 Stroke — dabigatran

Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 49 37.20 362 3430 —— 1.09 (0.80-1.49)
British Columbia, 18+ 142 10.50 447 15.40 —— 0.72 (0.60-0.87)
Manitoba, 18+ 38 8.20 150 13.60 — 0.74 (0.52-1.05)
Nova Scotia,65+ 9 18.20 65 13.40 — 1.43(0.71-2.88)
Ontario, 65+ 745 17.10 1046 31.00 - 0.68 (0.62-0.75)
Saskatchewan, 18+ 93 31.00 626 39.40 —a— 0.96 (0.77-1.20)
UK CPRD, 18+ 46 27.80 1352 19.10 — 1.53 (1.13-2.06)
Spain Bifap, 18+ 61 14.30 822 12.90 T 1.20 (0.93-1.56)
Germany AOK, 18+ 146 19.00 4279 19.00 - 0.80 (0.68-0.95)
Denmark, 18+ 405 13.70 1270 12.00 - 1.10 (0.98-1.23)
Random effects model -, 0.96 (0.80-1.14)
Heterogeneity: /° = 8%, <= 0.0653, p < 0.01 ‘ ’ b y
0.2 0.5 1 2 5
Favors dabigatran Favors VKA
4.3 Stroke —rivaroxaban
Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI)
Alberta, 18+ 30 37.50 362 34.30 — 1.05 (0.72-1.53)
British Columbia, 18+ 159 o 47 15.40 i 0.90 (0.75-1.09)
Manitoba, 18+ 29 9.40 150 13.60 — 0.71(0.48-1.05)
Nova Scotia,65+ s 8.20 65 13.40 — 0.70 (0.22-2.23)
Ontario, 65+ 812 20.30 1046 31.00 - 0.80 (0.73-0.88)
Saskatchewan, 18+ 76 3220 626 39.40 — 0.83 (0.65-1.06)
UK CPRD, 18+ 102 29.40 1352 19.10 —a— 1.74 (1.40-2.16)
Spain Bifap, 18+ 94 14.60 822 12.90 T 1.17 (0.94-1.46) FIGURE 4  Forest plots for stroke.
Germany AOK, 18+ 457 2170 4279 19.00 - 0.99 (0.90-1.10) 44 (i) Stroke - overall. (i) Stroke -
Denmark, 16+ 142 14.90 1270 12.00 - 0.96 (0.81-1.15) . dabi i Strok X b
Stroke abigatran. (iii) Stroke - rivaroxaban.
Random eﬁec:s modelg . | i | ‘ 0.99 (0.85-1.14) _ (IV) Stroke - aplxaban. AOK
Heterogeneity: /° = 83%, t" = 0.0398, p < 0.01 .
Favpps rivarqigban 1 Bavors VKA NORDWEST, Allgemeine
apixaban Ortskrankenkasse NORDWEST;

BIFAP, Base de Datos para la

Investigacién Farmacoepidemiolégica
Data source event DOAC IR (/1000py) event VKA IR (/1000py) HR (95% CI) en Atencion Primaria: Cl. confidence
; €,

interval; CPRD, Clinical Practice

Alberta, 18+ s e 362 34.30 —_—t 0.78 (0.25- 2.43)
British Columbia, 18+ 38 9.60 447 15.40 —a— 0.73 (0.52-1.03) Research Datalink; DOAC, direct oral
Manitoba, 18+ 14 11.70 150 13.60 e 0.82(0.47-1.43) . . .
Nova Scotia,65+ s . 65 13.40 1.41 (0.19-10.46) anticoagulants; HR, Hazard Ratio; IR,
Ontario, 65+ 812 20.30 1046 31.00 - 0.80 (0.73- 0.88) incidence rate; py, person years; VKA,
Saskatchewan, 18+ 76 3220 626 3940 —=— 0.83 (0.65- 1.06) . . P . .
UK CPRD, 18+ 57 36.00 1352 19.10 —— 2.16 (1.63- 2.87) vitamin K antagonlst, W’ WEIght' 18+
Spain Bifap, 18+ 35 14.90 822 12.90 e 1.14 (0.81- 1.61) patient population of 18 years or
Germany AOK, 18+ 111 16.10 4279 19.00 —— 0.64 (0.53-0.77) older. 65+ patient population of
Denmark, 18+ 138 18.60 1270 12.00 4 0.98 (0.82- 1.17) : : .

65 years or older. S: cells with less
Random effects model | | - ; i 0.94 (0.75- 1.16) than five events were Suppressed by
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rivaroxaban (HR 1.28, 95% Cl 1.18-1.38) and for dabigatran (HR 1.21,
95% Cl 1.07-1.37) compared to VKAs. A 40% (95% CI of 27%-51%)
lower risk for ICH was observed for DOACs compared to VKAs
(Figure 3). Lower risks were also observed for the separate DOACs
ranging from 25% for rivaroxaban to 52% for dabigatran. However,
results of the independent DOACs for this outcome should be inter-
preted with caution as in some databases event numbers in the DOAC
arm were very low, which could bias results. Figure 4 illustrates that
there were no significant differences found for stroke between
DOACs and VKAs (HR 0.98, 95% Cl 0.84-1.15).

4 | DISCUSSION

This study observes that there is no clinically relevant difference in over-
all major bleeding risk between VKAs and DOACs as a class when
pooling results from large population-based cohort studies using a com-
mon protocol from different healthcare databases in Europe and Canada.
However, it seemed that younger patients (<75) tend to have a lower
risk for major bleeding while treated with DOACs versus VKAs. When
stratifying the results for the different DOACs independently, only
rivaroxaban showed a modest increased risk for major bleeding. For the
secondary outcome, Gl bleeding, we found differences in results for the
different DOACs. Apixaban showed a lower risk for Gl bleeding, while
rivaroxaban and dabigatran showed a 21%-28% increased risk, respec-
tively, when compared to VKAs. It was also confirmed that there was a
40% decrease in risk of ICH for all DOACs when compared to VKAs. No
difference was found for overall stroke risk.

Several observational studies have been carried out to address
the safety and effectiveness of DOACs. Although these studies differ
in characteristics of the study population, study design, reporting of
outcomes of interest and treatment comparisons, the results found
are generally in line: DOACs are safe and effective alternatives to

Warfarin.11’15'17’21’22

Similar to our study, it was found in a
propensity-weighted nation-wide cohort study in Denmark that
rivaroxaban is associated with higher risk of major bleeding versus
VKA1 A study conducted in the United Kingdom in two health care
databases, including CPRD (which was also used in this study), also
concluded that apixaban showed lower risks on major bleeding as well
as on ICH and Gl-bleeding compared to warfarin.?® Although they did
not find higher risks for bleeding with rivaroxaban compared to warfa-
rin as we do, they did find an increased risk of all-cause mortality.

The finding that rivaroxaban is associated with a higher risk for
bleeding is also seen in the United States. Studies carried out in the
United States in claims databases also found that rivaroxaban had a
worse safety profile than dabigatran and apixaban.'®?* A very recent
study among 221 228 AF patients captured in healthcare claims data-
bases in the United States it was found in a secondary analysis that
apixaban and dabigatran had a more pronounced decrease risk of
major bleeding.2> However, no significant difference in bleeding risk
was found between rivaroxaban and warfarin in this study (HR 1.02,
95% Cl 0.94-1.12). Another study from the same authors directly
compared apixaban users and rivaroxaban users from the Optum

claims database and found that apixaban was associated with a lower
rate of stroke or systematic embolism (HR 0.82, 95% Cl 0.68-0.98) as
well as bleeding (HR 0.58, 95% Cl 0.52-0.66), compared with
rivaroxaban.?¢ It is hypothesised that higher bleeding rates in users of
rivaroxaban may be explained by the fact that rivaroxaban is the only
once daily dosed DOAC which causes a higher peak plasma level in
patients than DOACs that are dosed twice a day.?”

It is reassuring that similar results are found in studies that assess
the performance of individual DOACs by comparing them indirectly
against warfarin, as the current study, and studies that make direct
comparisons between the individual DOACs.

The occurrence of atrial fibrillation increases with age, and
increasing age is also a very important independent risk factor for
stroke, which makes optimal treatment with oral anticoagulants in this
patient population crucial.?® It has been shown that the net clinical
benefit for treatment with oral anticoagulants is the greatest in the
elderly.?? When stratifying the results for the different age groups it
was found that the risk on major bleeding did not increase in patients
with age 275 for DOACs versus warfarin. However, no difference is
observed in the risk of bleeding between warfarin and DOACs, which
means that other factors may determine treatment decisions. Other
patient-specific characteristics that can be considered are cognitive
impairment (most DOACs are suitable to include in blister packs and
dosette boxes), concomitant interacting medicines and comorbidities
such as the presence of chronic kidney disease.3%1

Although many observational studies have been carried out in the
last few years since the introduction of the DOACs, we think this
observational study provides additional evidence for the safety of
DOACs and the individual DOACs. To our knowledge this is the larg-
est sample size showing the effect of the medicines prescribed in clini-
cal/daily practice using multiple health care databases within Europe
and Canada, and by pooling the results we have a precise estimate
reflected in the narrow 95% Cls. Especially for the outcome ICH,
which is a rare one, this is very valuable. Another advantage of this
study is the number of geographical area's covered, which increases
the applicability of the results. We have tried to limit differences in
results due to methodological choices by using a common protocol
harmonising the choices in study design and the definition and the
coding of outcomes and exposures. As a result this study is better able
to detect an overall effect than when aggregated data from multiple
studies with different set-up and quality are pooled. Having a network
of databases ready that can look at benefits and risks of drugs,
according to a common protocol will increase consistency in the
results across these databases in different countries and will increase
the value of observational drug research.>2

We have corrected in all the analyses for confounding by includ-
ing risk factors for major bleeding. However, in some databases we
were unable to adjust for renal function, weight/BMI, smoking or
alcohol status which may cause residual confounding since they may
also determine the treatment decision. Also, unobserved confounding
may still be present, mainly those determining the treatment selection
by the physician who may choose the safer one (in terms of

haemorrhagic effect) among patients at higher risk.
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The definition of major bleeding was mainly based on medical
codes and not specified based on measures such as haemoglobin
levels and the units of blood needed for transfusion, which are the
additional criteria from the international society on thrombosis and
haemostasis. Therefore it is not certain that all the events identified
are indeed major. However, a sensitivity analysis was performed in all
databases where only hospitalised cases were taken into account
(CNODES Canada, CPRD UK, Denmark, AOK NORDWEST Germany)
or cases that were validated by reviewing medical records (Bifap
Spain), but results remained consistent to the primary analysis.

In the current study we did not look at the impact of different
dosages of DOACs on bleeding events, although we know from clini-
cal practice that doses are adjusted for those patients that have a
higher risk for bleeding.®® It should also be noted that different VKAs,
such as warfarin, acenocoumarol and phenprocoumon, were pooled
together in the analysis, although they do differ with respect to phar-
macokinetic profile.

5 | CONCLUSION

This study shows that the risk of major bleeding of DOACs compared
to VKAs is not different for DOACs as a class. When stratifying the
result for different DOACs, the risk for major bleeding was elevated
for rivaroxaban compared to VKAs. The risk on gastro-intestinal
bleeding was elevated for both rivaroxaban and dabigatran 20%. The
risk for ICH was reduced for all individual DOACs versus VKA.
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