MANENIZTHMIO ©E2ZAAIAZ
TMHMA IATPIKHZ

MMz «MeBodoAoyia Blolatpikng Epguvag,
Blootatiotikr kat KAwikr BiomAnpodopikn»

METANTYXIAKH AINAQMATIKH EPTrAZIA

«H Aodaleila Xpriong Twv Apécwv ApwWVTwV AVILTNKTIKWV avadopka pe Evéokpavia
Awpoppayia oe aoOeveic pe Mn-BaABidikn KoAmuk Mappapuyr: Mo Avackomnon Kot

Meta-availvon»

«Safety of Direct Oral Anticoagulants concerning Intracranial Hemorrhage in Non-Valvular

Atrial Fibrillation: A Systematic Review and Meta-analysis of Real-World Studies»

Mapdoxog Apxovtakng Mmopakakng

Hospitalist Medicine, Northeast Internal Medicine Associates

TpueAng ZupBouAeutikiy Emtponni:
Mmnatoidng AntootoAog, Ent. Kabnyntrc, TL. Mabnuatikwy, Mav. lwavvivwy, EmBAEnwyv
Ytedavidng lwavvng, Kabnyntng, TU. latpkng, Mav. Oscoalioag, MéNog

Ao&avn XpuooUAa, Akadnuaikog Yrotpodoc, Tu. latpknc, Mav. Oscoaliag, MEAOG

AAPIZA, 2021

A

Institutional Repository - Library & Information Centre - University of Thessaly
17/06/2024 17:17:36 EEST - 3.147.48.34



MANENIZTHMIO OEZAAAIAZ — TMHMA IATPIKHZ
MMz «MEOOAOAOTIA BIOIATPIKHZ EPEYNAS, BIOASTATIZTIKH KAI KAINIKH BIONAHPO®OPIKH»

Table of Contents

FIEPIANWIN ...ttt e et e e tb e e e be e e bee e tbeeebeeeeabee e beeeetee e beeeaabeeenteeeeateeeteeennns 1
ADSEFACT ...ttt e h e bttt sttt ettt e bt e a et et e e bt e be e be e bt e are e e bt e beenreenreens 3
Key Points (EAANVIKA, ENGIISH)...........cooouiiiiie et ettt e e e s 4
INEFOQUCTION ...ttt ettt et e e st e st e s bt e e e bt e e sabeesabeeesneeesabeesabeeesabeeenees 5
IMIEENOMS ...ttt et st e sttt e bt e e s bt e e st e e s b e e e s abe e s bt e e ab e e sareeesabeeebeeenne 5
RESUILS........eie ettt b e b e b e s bt e s bt s e bt e bt e bt e sbe e she e saeesabesabe e sheesanesatesaneeaeas 9
DIHSCUSSION ...ttt et sttt e st b et e sab e e st e e s b bt e s b e e e s be e e smneesneeessneesnrenesareesane 12
REFEIEINCES ... .ottt ettt e st e s bt e e sab e e st e e s bt e e s beeesbbeesabeeeseeesabeesaraeesabeenane 15
LI 1+ 1L T U U TSP U P VST PPRPRTN 24
FIBUIE L oottt et e e sttt e e e e e e s bbb e e ee e e s e s aas bbb aaaeeeeesasnbabaeeesesananssbbbaaeeeeeennnns 25
FIBUIE 2 ..ottt e e e e e e e ettt e e e e e e e saaa et e e eeeeeee e a e b et e aeeeeeeeaaraataeeeeeeaaannrrrrrneeeeeeaanns 26
T T =0 2SR USRRN 27
B

Institutional Repository - Library & Information Centre - University of Thessaly
17/06/2024 17:17:36 EEST - 3.147.48.34



NepiAnyn

Elcaywyn

Ao TV eloaywyn Twv Apéows Apwvtwv Avtutnktikwy (AAA) oTnv KAVIKN TIPAEN KoL EKTOTE, LEAETEG
oo TOV TIPAYUATIKO KOGUO £X0UV EPEUVAOEL TNV aodpalela Xprong Toug avadoplka Pe Tov kivbuvo

EvSokpaviag Alpoppaylag oe aoBeveig pe Mn-BaABLdikr) KoAmikr) Mapuapuyn.
Ztox0L

MPAyUATOMOLCAKE UL CUCTNMOTLKA OVOOKOTINGN Kol UETA-0VAAUGH Lol VO CUYKEVIPUWOOUE KOl

va cuvopicoupe ta Sedopéva auta pe Baon tig odnyiec PRISMA.
MéBobol

‘Eywve ocuotnuoatikn avalntnon otic Paoelg dedopévwv Medline kot Embrace péxpl tov AmpiAlo tou
2020. TuMéExBnkav peléteg mapatrnpnong kat e€axObnkav ot Avahoyieg Kivduvou (HR) poll pe to
Adotnua Eumiotoolvng 95% (95% Cl). Mpayuatonow}Bnke avaAucn EMIUEPOUG UTTOCUVOAWV HIE
Baon tn 6060n twv AAA, TO LOTOPLKO XPOVIAG VEDPLKAG VOOOU, TO LOTOPLKOU €yKEDOAALKOU

eneloodiou, TNV mponyouuevn xprion AvactoAéa Bitapivng K (ABK), Tnv nAkia kot to dpUAAo.
AmnoteAéopata

Jtnv épeuva pag oupmepAndOnkav 57 pelétec kol mpaypatomolnOnkav 34 ouykpioslg. To
Dabigatran oxetiotnke pe xaunAdtepn mbavotnta Evéokpaviag Alpoppayiag (HR: 0.48, 95% Cl: 0.44
- 0.52, 12: 0.00%) oe oxéon ue toug ABK. To Rivaroxaban oyetiotnke pe xaunAotepn mbavotnta
EvSokpaviag Awpoppayiag (HR: 0.73, 95% Cl: 0.65 - 0.81, 12: 51.71%) os oxéon e toug ABK. To
Apixaban oxetiotnke pe xapunAotepn nmibavotnta Evéokpaviag Alpoppayiog (HR: 0.60, 95% Cl: 0.49 -
0.73, 12: 72.93%) oe oxéon pe touc ABK. To Rivaroxaban oxetiotnke pe uvdpnAotepn mbavotnta
EvSokpaviag Awpoppayiag (HR: 1.58, 95% Cl: 1.31 - 1.89, 12: 0.00%) oe oxéon ue to Dabigatran. To

Apixaban oxetiotnke pe upnAotepn mBavotnta Evdokpaviag Alpoppayiag (HR: 1.32, 95% Cl: 1.03 -
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1.68, 12: 7.04%) oe oxéon ue to Dabigatran. Mapdpola amoteAéopata BpEOnkav Kol otnv avaiuon

TWV UTTOCUVOAWV.
Jupmépaocpa

H peAétn pag deiyvel otL ta AAA oxetilovtal pe peiwon tou kwvdlvou Evéokpaviag Alpoppayiog os
oxéon upe toug ABK. Emiong, to Dabigatran oyetiletol pe peiwon toug kwwduvou Evdokpaviag

Awloppaylag og oxéon TO00 e Tto Rivaroxaban kalt pe to Apixaban.
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Abstract

Introduction

Since the introduction of Direct Oral Anticoagulants (DOACs), real-world studies have investigated
their safety profile on Intracranial Hemorrhage (ICH) in patients with Non-Valvular Atrial Fibrillation
(NVAF).

Aim

We performed a systematic review and meta-analysis to compile and summarize this data following
PRISMA guidelines.

Methods

Medline and Embrace were systematically searched until April 27th, 2020. Observational studies
were gathered and hazard ratios (HRs) with 95% confidence intervals (Cl) were extracted. Subgroup
analyses based on DOAC doses, history of chronic kidney disease, stroke, prior exposure to VKA
(Vitamin K Antagonist), age and gender were performed. A random-effects model was used.

Results

We included 57 studies and performed 34 comparisons. Dabigatran was associated with lower rate
of ICH (HR: 0.48, 95% Cl: 0.44 - 0.52, 12: 0.00%) compared to VKA. Rivaroxaban was associated with
lower rate of ICH (HR: 0.73, 95% Cl: 0.65 - 0.81, 12: 51.71%) compared to VKA. Apixaban was
associated with lower rate of ICH (HR: 0.60, 95% Cl: 0.49 - 0.73, 12: 72.93%) compared to VKA.
Rivaroxaban was associated with higher rate of ICH (HR: 1.58, 95% Cl: 1.31 - 1.89, 12: 0.00%)
compared to Dabigatran. Apixaban was associated with higher rate of ICH (HR: 1.32, 95% ClI: 1.03 -
1.68, 12: 7.04%) compared to Dabigatran. Similar effects were appreciated in subgroup analysis.
Conclusion

Our study shows that individual DOACs were associated with a reduction of ICH risk compared to
VKA. Also, Dabigatran was associated with a reduction of ICH risk compared to both Rivaroxaban and

Apixaban.
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Key Points (EAAnViKa)

o Mn-BaABidikn KoAmikry Mappapuyn
e Evbokpavia Alpoppayioa

o Apeoa Apwvta AVTUTNKTIKA

¢ AvaotoAeic tng Bitapivng K

Key Points (English)

¢ Non-Valvular Atrial Fibrillation
e Intracranial Hemorrhage

¢ Direct Oral Anticoagulants

e Vitamin K Antagonists
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Introduction

Non-Valvular Atrial Fibrillation (NVAF) is the most common cardiac arrhythmia. (1) In addition, NVAF
is associated with increased risk of stroke and other thromboembolic phenomena, of the total
number of which at least a third is attributed to NVAF. (2, 3) As such, prevention of
thromboembolism (TE) via systemic anticoagulation has been the main focus of AF management. (4)
In addition to warfarin and other Vitamin K Antagonists (VKAs), Direct Oral Anticoagulants (DOACs)
have been introduced since the 2000s. (5) Benefits from their use, both concerning their efficacy and
their safety profile, are well known by published clinical trials. (6-9) According to those, DOACs seem
to have a superior safety profile in the context of decreased hemorrhage rates, including Intracranial

Hemorrhage (ICH).

Apart from the aforementioned trials, real-world studies were performed on the subject. They not
only compared a DOAC to VKA but also a DOAC to another DOAC, a subject on which no clinical trial
has been attempted. These studies have investigated different outcomes (including stroke
prevention rates and safety outcomes, such as intracranial hemorrhage, major hemorrhage and
gastrointestinal hemorrhage), dosing regimens, specific comorbidities affecting the users apart from

NVAF, different age groups and different ethnicities.

In order to investigate and quantify the safety profile on ICH of different DOACs compared to VKA
and to other DOACs, we performed a systematic review of the literature and meta-analyzed the
observational (prospective and retrospective) studies that provided details on these outcomes in

patients with NVAF.

Methods

This meta-analysis was performed according to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA). (10)

Study Selection and Eligibility Criteria
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Medline and Embrace were systematically searched until April 27th, 2020 by two independent
investigators (Damianos G. Kokkinidis, Weijia Lee) for eligible studies. In case of disagreement, a
third, also independent investigator (Paraschos Archontakis Barakakis) intervened to reach
consensus. The utilized algorithm was (“novel oral anticoagulants” OR “direct oral anticoagulants”
OR “non-vitamin K antagonist oral anticoagulants” OR NOAC OR DOAC OR dabigatran OR
rivaroxaban OR apixaban OR warfarin OR coumadin OR “vitamin K antagonist”) AND (atrial
fibrillation OR AF OR AFIB) AND (real-world OR “real world” OR observational OR cohort OR
post-approval). Edoxaban was excluded from our analysis because of its decreased availability in
most European countries and thus scarce studies on it from this region. In addition, references from
pertinent reviews and observational studies were also used to investigate for further potential
eligible studies. The processing of studies continued with pre-specified inclusion criteria: i)
retrospective or prospective observational studies, ii) studies comparing one of the DOACs to
warfarin or studies comparing different DOACs, iii) studies examining the outcome of interest (ICH),
and iv) studies providing Hazard Ratio (HR) with 95% Confidence Intervals (95% Cl) as the effect
estimate. Randomized control trials, studies with participants suffering from valvular AF and studies
where DOACs were used for different primary indications (such as deep vein thrombosis, pulmonary

embolism or peripheral artery disease) were excluded.

Data Extraction and Outcomes

Data extraction was performed on a pre-constructed data extraction form by two independent
investigator teams (led by Paraschos Archontakis Barakakis and Weijia Lee) blinded to each other.
Disagreements were resolved via consensus and with the intervention of a reviewer (Damianos G.

Kokkinidis).

The primary and only outcome for this study was ICH occurring during the study follow up period, as

defined by the authors of the individual studies. In the case of studies using databases for their study
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population assembly, the documented in the studies International Statistical Classification of

Diseases and Related Health Problems (ICD) codes were investigated for accurate inclusion.

HRs with 95% Cls comparing DOACs (as a whole) to VKA, Dabigatran to VKA, Rivaroxaban to VKA,
Apixaban to VKA, Dabigatran to Rivaroxaban, Apixaban to Dabigatran and Apixaban to Rivaroxaban
were collected. Considering the different dosing regimens available for each DOAC, HRs on the
specific doses were collected and registered under different categories. If the effect of the lower
dose regimen of a specific DOAC was provided by a study, e.g. 110 mg of dabigatran twice daily, it
was registered under the “Low Dose” category. If the effect of the higher dose was provided, it was
registered under the “High Dose” category. If a study provided a result (HR) using data from patients
taking either dosing regimen or no clear distinction of dosing was stated in the study, the result was

categorized in the “Combined” analysis category.

In addition to the main data collection, separate HRs were collected on pre-determined subgroups of
interest, more specifically i) patients with chronic kidney disease (CKD), ii) post-stroke patients, iii)
DOAC users who were previously on VKA prior to switching to a DOAC (Experienced users), ii) elderly
users (patients aged >65 years old), iii) very elderly users (patients aged >75 years old), iv) male

users and v) female users.

Risk of Bias Assessment

Two independent reviewers (Dimitrios Kalaitzoglou, Lazaros Tzelves) assessed the risk of bias of the
included studies with the Risk of Bias in Non-Randomized Studies - of Interventions (ROBINS-I) tool.
(11) Studies were assessed as having low, moderate, serious or critical risk of bias in the following
domains: confounding measurement and account, selection of participants, classification  of
interventions, deviations from intended interventions, missing data, outcome measurement, and

results reporting.

Statistical Analysis
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In order to avoid including duplicate population samples in our study and when such potentially
duplicate study populations were encountered (among included studies using the same
source/database, demonstrating the same investigation period, documenting no mutually exclusive
inclusion criteria), the respective, extracted HRs were not analyzed together under the same
comparison and outcome. The utmost care was given to ensure that the under-investigation
population was best represented, e.g. when two studies derived their study population from the

same database, the larger one of the two studies was prioritized.

Because of the aforementioned division of extracted data into categories but also the different
methodologies used by the researchers, we decided to process the different mutually exclusive
subgroups from a study (e.g. males and females or patients taking the lower dose regimen and
patients taking the higher dose regimen) independently among other studies or even among other
groups from the same study. This method was used in order to ensure that, first, no duplicated
patients would be included and, second, that the meta-analysis for each outcome and comparison

would include the largest possible number of patients and studies.

Because of the scope of our approach to include populations that by defaults varied significantly as
per their country of origin, age group, etc., a random effects model was used by default to account
for heterogeneity. Heterogeneity was quantified with the Higgins I-square (I?) statistic, although
both the Q value and accompanied p-value for Q are documented in the forest plot for each
comparison. A cutoff of 12 >75% was used to indicate significant heterogeneity. Forest plots were
used to graphically display the effect size in each study and the pooled estimates. The Egger’s test
was used for assessment of publication bias and Funnel plots were created only when the number of
included number of studies was more than ten. A p value of <0.05 was considered statistically
significant for all comparisons. The statistical analysis was performed with R (version 4.0.2) with the

assistance of RStudio (version 1.3.1073).
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Results

In total, 7,014 records were screened and 135 full text articles were assessed for eligibility. Of these,
57 studies met all the inclusion criteria, survived the potential duplicate removal process and were
advanced to qualitative and quantitative analysis. (12-68) A PRISMA flow diagram with the selection

process was created to depict this work. (Figure 1)

From the processed studies, more than 2,690,000 patients were collectively included. Extensive
details on baseline characteristics as provided by the individual studies are presented in

supplementary Table 1.

Because of the large number of studies included, equally large number of outcomes and subgroups
investigated and analyses performed, all the results are presented in the comprehensive Table 1.
The data are presented in the form of Number of Studies included in the specific analysis, Hazard
Ratio (HR), 95% Confidence Interval (Cl), Heterogeneity (I2). In this section, we focus on most

statistically significant comparisons.

Dabigatran vs. VKA

Our main analysis (Combined: HR: 0.48, 95% Cl: 0.44 - 0.52, 12: 0.00% / Low dose: HR: 0.50, 95% Cl:
0.43 - 0.58, 12: 0.00% / High Dose: HR: 0.47, 95% Cl: 0.38 - 0.58, 12: 8.69%) (Figure 2A,
supplementary Figures 2A-B) and most subgroup analyses (Elderly users: HR: 0.52, 95% CI: 0.45 -
0.61, 12: 0.00% / Very Elderly users: HR: 0.50, 95% Cl: 0.42 - 0.61, 12: 10.69% / Male users: HR: 0.38,
95% Cl: 0.29 - 0.50, 12: 0.00% / Female users: HR: 0.42, 95% Cl: 0.30 - 0.60, 12: 25.47%)
(supplementary Figures 2C-J) found that Dabigatran was associated with significantly lower risk of
ICH compared to VKA. Of note, the main analysis for the Combined category demonstrated a

positive Egger’s test (p < 0.05).

Rivaroxaban vs. VKA
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Rivaroxaban was associated with lower rates of ICH (Combined category: HR: 0.73, 95% Cl: 0.65 -
0.81,12: 51.71% / Low Dose: HR: 0.71, 95% Cl: 0.57 - 0.88, 12: 36.74% / High Dose: HR: 0.66, 95% ClI:
0.59 - 0.73, 12: 0.00%) (Figure 2B, supplementary Figures 3A-B) compared to VKA in the main group

analysis.

Subgroup analyses produced relatively similar results. CKD patients taking Rivaroxaban had lower
rates of ICH (Combined category: HR: 0.64, 95% Cl: 0.45 - 0.89, 12: 0.00%) compared to CKD patients
taking VKA. Elderly users of anticoagulation had lower rates of ICH (Combined category: HR: 0.62,
95% Cl: 0.49 - 0.80, 12: 0.00%) compared to elderly taking VKA. Male users of Rivaroxaban had lower
rates of ICH (Combined category: HR: 0.52, 95% Cl: 0.38 - 0.73, 12: 0.00%) compared to Male users of

VKA. (supplementary Figures 3C-3H)

Apixaban vs. VKA

Apixaban was associated with significantly lower risk for ICH compared to VKA (Combined category:
HR: 0.60, 95% Cl: 0.49 - 0.73, 12: 72.93% / Low Dose: HR: 0.57, 95% Cl: 0.45 - 0.72, 12: 0.00% / High
Dose category: HR: 0.54, 95% Cl: 0.43 - 0.68, 12: 17.33%) with our main analysis. (Figure 2C,

supplementary Figures 4A-B).

In the Elderly users subgroup, Apixaban was associated with lower rates of ICH (Combined category:
HR: 0.60, 95% Cl: 0.49 - 0.73, 12: 4.57%). In the Very elderly users subgroup, Apixaban was associated
with lower rates of ICH (Combined category: HR: 0.57, 95% CI: 0.38 - 0.85, 12: 13.15%) compared to

VKA. (supplementary Figures 4C-4D)

DOACs vs. VKA

The main analysis of studies comparing DOACs in general (without specifying a particular agent) vs
VKA showed that DOACs were associated with lower rates of ICH (Combined category: HR: 0.57, 95%

Cl: 0.50 - 0.65, 12: 28.78%). The same finding was identified for the Elderly users (Combined

10

Institutional Repository - Library & Information Centre - University of Thessaly
17/06/2024 17:17:36 EEST - 3.147.48.34



MANENIZTHMIO OEZAAAIAZ — TMHMA IATPIKHZ
MMz «MEOOAOAOTIA BIOIATPIKHZ EPEYNAS, BIOASTATIZTIKH KAI KAINIKH BIONAHPO®OPIKH»

category: HR: 0.53, 95% Cl: 0.46 - 0.61, 12: 35.14%) and Very Elderly users (Combined category: HR:

0.57, 95% Cl: 0.44 - 0.72, 12: 45.53%). (supplementary Figures 5A-5C)

Rivaroxaban vs. Dabigatran

Our head-to-head comparison between Rivaroxaban and Dabigatran identified statistically
significant higher rates of ICH when using Rivaroxaban (Combined category: HR: 1.58, 95% Cl: 1.31 -
1.89, 12: 0.00%). Similarly, the same trend was identified for the Low Dose (HR: 1.70, 95% Cl: 1.23 -
2.36, 12: 0.00%) and High Dose (HR: 1.64, 95% Cl: 1.35 - 2.00, 12: 0.00%) of both medications. (Figure

3A, supplementary Figures 6A-6B)

Apixaban vs. Dabigatran

The main analysis demonstrated higher ICH rates with Apixaban use versus Dabigatran use
(Combined category: HR: 1.32, 95% Cl: 1.03 - 1.68, 12: 7.04% / High Dose category: HR: 1.41, 95% Cl:

1.10-1.80, 12: 0.00%). (Figure 3B, supplementary Figure 7A)

Apixaban vs. Rivaroxaban

The comparison of ICH rates for patients taking Apixaban and Rivaroxaban did not reveal any
statistically significant difference between the agents (Combined category: HR: 0.89, 95% Cl: 0.69 -

1.17, 12: 41.70%). (Figure 3C)

Post Stroke Patients and Experienced Users

Our data collection and duplicate population elimination processes resulted in insufficient number of
studies (for each medication comparison and category) compared to our predetermined cut off

number in order to perform any analysis.

Publication Bias

Funnel Plots were constructed for all studies that demonstrated a number of included studies of ten

(10) or more. (supplementary Figures 8A-8G) Of note and as expected by the nature of included

11
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studies (observational studies), a certain level of publication bias was generally observed in favor of

DOACs versus VKA.

Publication bias was also assessed the Egger’s test. This test was performed for all comparisons. No
evidence of publication bias was found in the vast majority of the comparisons with the exceptions

of the presented in supplementary Table 2.

Other Risks of Bias Assessment

Our risk of bias assessment based on the (ROBINS-I) tool revealed at least moderate risk of bias for

all included studies. The explanation of this phenomenon is presented in Discussion.

Discussion

This study was a systematic review and meta-analysis of 57 observational studies comparing the ICH
risk associated with the use of DOACs versus the use of VKA and other DOACs. To the best of our
knowledge, this is the largest real-world observational studies meta-analysis to focus on and

investigate this very specific question.

Our results indicate that i) DOACs as a whole were associated with a lower ICH risk compared to VKA
ii) Dabigatran was associated with a lower ICH risk compared to VKA in our main analysis (Combined
Dose, Low Dose and High Dose categories) and several subgroups (Elderly users, Very Elderly users,
Male users, Female Users) iii) Rivaroxaban was associated with a lower ICH risk compared to VKA in
our main analysis (Combined Dose, Low Dose and High Dose categories) and several subgroups (CKD
patients, Elderly users, Male users) iv) Apixaban was associated with a lower ICH risk compared to
VKA in our main analysis (Combined Dose, Low Dose and High Dose categories) and two subgroups
(Elderly users, Very Elderly users) v) Rivaroxaban was associated with higher ICH risk compared to
Dabigatran vi) Apixaban was associated with higher ICH risk compared to Dabigatran vii) there was

no difference identified in the risk for ICH between Apixaban and Rivaroxaban.

12
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Our results comparing DOACs to VKA align to a great degree with the results that the worldwide
bibliography has already established. The initial landmark trial that led to the approval and wide use
of dabigatran (the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) study)
showed lower rates of ICH with the use of both the Low and High Dose of Dabigatran compared to
VKA. (6) Our study reinforces this finding with our main and several subgroup analyses in the real-
world setting. The second major DOAC trial, Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial
Fibrillation trial (7), showed significantly lower ICH hemorrhage risk in the rivaroxaban group as
compared to the warfarin group, a result also in total agreement with our findings. Finally, the
Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)
trial showed that patients with non-valvular AF taking Apixaban had lower ICH events rates
compared to warfarin group. Our results reinforce these findings as well. (8) Except for these
milestone trials, both observational studies, such as those included in our study, and smaller meta-
analyses showed similar but not as robust results. For example, Proietti et al. showed that the risk
for ICH was lower for apixaban than warfarin. (69) All in all, it seems that results on the safety of
DOACs compared to VKA as produced by the aforementioned clinical trials are adequately reinforced

by results produced by real-world, observational studies and meta-analyses including ours.

While our knowledge on the superiority of DOACS in general compared to VKA is evolving, the major
guestion focuses on the comparisons among the different DOAC agents themselves. As mentioned
above, no trial has investigated this specific question and our study provides valuable input on the
matter. Our results demonstrate that Dabigatran is associated with a lower risk for ICH compared to
both Rivaroxaban and Apixaban. There was no difference appreciated between Rivaroxaban and

Apixaban. Those findings were not deemed to suffer from any major biases.

Strengths and Limitations
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Our study demonstrates a number of strengths, including strict adherence to the systematic review
methodology and the narrow focus on one type of outcome and thus attempting to answer one
main question. Because of this methodology we were able to search, collect, screen and analyze a
large number of studies and thus a substantial patient population size. To the best of our knowledge,

this is the first real-world data meta-analysis to investigate this topic to this extent.

On the contrary, our study exhibits certain limitations as well. Firstly, this is a meta-analysis of real-
world studies and thus is limited by the inherent limitations of observational research. More
specifically, most of the included studies collected data from databases in which documentation was
performed via ICD codes. As such, unmeasured and residual confounding factors were deemed likely
to exist in the source studies, persist the transfer to our study and translate to different types of
bias. Outstanding types of such bias would be selection bias and bias by indication. For example,
there is scarce information to determine the appropriate dosing of each NOAC, despite dividing the
included patients in low and high dose subgroups. Our goal with this study was to summarize and
present the available data on DOACs in the real-world setting and, thus, we accepted this possibility
of bias. Second, because of the aforementioned inability to collect accurate and unified baseline
data, a meta-regression analysis was deemed methodologically improper. Third, some of our
comparisons were dominated by a limited number of studies or study populations either because of

the weight attributed to the study or because of the paucity of similar data in other included studies.

Conclusions

In conclusion, this is the largest systematic review and meta-analysis up to date on the comparison
of DOACs vs VKA and vs other DOACs for ICH risk. Our results show that all individual DOACs were
associated with an improved safety profile concerning ICH risk as compared to VKA. DOACs were
consistently superior to VKA in the subgroup analyses among elderly and very elderly patients.
Finally, Dabigatran was found to have significantly lower ICH risk against both Rivaroxaban and

Apixaban.
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Table 1
ICH: Dabigatran Dabigatran Dabigatran Rivaroxaban  Rivaroxaban Rivaroxaban | Apixaban Apixaban
( ar.t 1) (Combined)  (Low Dose) (High Dose) (Combined)  (Low Dose) (High Dose) (Combined)  (Low Dose)
P vs. VKA vs VKA vs. VKA vs. VKA vs. VKA vs. VKA vs. VKA vs. VKA
23;0.48 10; 0.50 9;0.47 16; 0.73 8;0.71 8;0.66 17; 0.60 5;0.57
Gen. (0.44 - (0.43 - (0.38- (0.65 - (0.57 - (0.59- (0.49 - (0.45 -
Population 0.52); 0.58); 0.58); 0.81); 0.88); 0.73); 0.73); 0.72);
12: 0.00% 12: 0.00% 12: 8.69% 12: 51.71% 12: 36.74% 12: 0.00% 12: 72.93% 12: 0.00%
3;0.66 4;0.64 3;0.71
) (0.42 - (0.45 - (0.46 -
CKD Patients 1.05); 0.89); 1.09);
12: 0.00% 12: 0.00% 12: 55.23%
10; 0.52 4;0.49 3;0.46 4;0.62 6; 0.60
Elderly (>65) (0.45 - (0.40 - (0.27 - (0.49 - (0.49 -
Users 0.61); 0.61); 0.76); 0.80); 0.73);
12: 0.00% 12: 0.00% 12: 78.17% 12: 0.00% 12: 4.57%
11;0.50 4;0.49 5;0.69 4;0.57
Very Elderly (0.42 - (0.40 - (0.45 - (0.38 -
(>75) Users 0.61); 0.61); 1.05); 0.85);
12: 10.69% 12: 0.00% 12: 62.58% 12: 13.15%
7;0.38 3;0.52
(0.29 - (0.38 -
Male Users 0.50); 0.73);
12: 0.00% 12: 0.00%
7;0.42 3;0.91
(0.30 - (0.56 -
Female Users 0.60); 1.50);
12: 25.47% 12: 55.85%
. Rivaroxaban  Rivaroxaban Rivaroxaban | Apixaban Apixaban Apixaban
ICH: Aplxaban DOACS, (Combined)  (Low Dose) (High Dose) (Combined)  (High Dose) | (Combined)
(High Dose) | (Combined)
(part 2) vs. VKA vs. VKA vs. Vs. vs. Vs. vs. vs.
’ ' Dabigatran Dabigatran Dabigatran Dabigatran Dabigatran Rivaroxaban
5;0.54 12;0.57 6; 1.58 4;1.70 4;1.64 6;1.32 3;1.41 6;0.89
Gen. (0.43 - (0.50 - (1.31- (1.23 - (1.35- (1.03 - (1.10 - (0.69 -
Population 0.68); 0.65); 1.89); 2.36); 2.00); 1.68); 1.80); 1.17);
12:17.33% 12: 28.78% 12: 0.00% 12: 0.00% 12: 0.00% 12: 7.04% 12: 0.00% 12: 41.70%
CKD Patients
5;0.53
Elderly (>65) (0.46 -
Users 0.61);
12: 35.14%
4;0.57
Very Elderly (0.44 -
(>75) Users 0.72);
12: 45.53%
Male Users
Female Users
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Figure 2

DOAC vs. VKA
Main Analysis ICH HR: vs. VKA
Study, Journal and Year Weight Hazard Ratio [95% CI]
Adeboyeje et al, J Manag Care Spec Pharm 2017 747% —e— ! 047[0.34,064]
Amin et al J Thromb Thrombolysis. 2019 674% —— | 051[037,071]
Avgil-Tsadok et al, Thromb Haemost 2016.1 380% p—— 053[0.34,082)
Avgil-Tsadok et al, Thromb Haemost 2016.2 1240% ) 060[047,0.76]
Bengtson et al, J Cardiol 20171 141% -t | 027[013,055)
Bengeson et al, J Cardiol 2017.2 151% - 050[025,099]
Forsund et al, Ewropace 2018 286% i | 052[0.32,086]
Go et al. Amn Intern Med 2017 376% - 051[0.33,0.79)
Gupta et al, BMC Cardiovasc Disord. 2019 099% - 0.30(013,070]
Halvorsen et al, Eur Heart J Cardiovasc Pharmacothes 2017 399% R 046[0.30,070]
Hermandez et al, JAMA Intern Med. 2015 341% - 032(020,051)
Hohnloser et al, Thromb Haemost 2018 328% - . 052[033,083]
Koretsune et al, Journal of Cardiology. 2019 561% ] 067 [047,0.96]
Lee etal, Stroke 2019(2) 8312% - 045[0.33,060]
Lin et al, Drugs Real World Outcomes. 2019 1 1035% b 051[0.39,0.66]
Lin et al, Drugs Real Work] Outcomes. 20192 247% i 053[0.31,091]
Nishtala et al, Int J Carciol 2016 045% -t | 021[006,074]
Okumusa et al, Circ J. 2018 050% -— 049(015,162]
Staerk et al, European Heart Jounal 2016 667 % s | i 037(027,051]
Upeyl et al, Eur J Clin Pharmacol 2018 490% - 0.40[0.27,059]
Vilines et al, Thromb Haemos?, 2015 305% - 049[0.30,0.80]
Vinogradowa et al, BMJ. 2018 243% - 045[026,0.77]
Yao et al, J Am Heart Assoc. 2016 362% - 0.36[0.23,056]
RE Model <> 048[0.44,052)
0221203222 p=05F =00%)
033 06 1 2
Favors Dabigatran  Favors VKA
Main lysis ICH HR: { vs. VKA
Study, Journal and Year Weight Hazard Ratio [95% CI)
Adeboyeie et al, J Manag Care Spec Pham 2017 663% —e—i 074{054,101]
Amin et al J Thromb Thrombolysis. 2019 1071% o 071[061,083]
Chanetal, Chest 2019 389% — 054[034,087]
Forsiund et al, Ewropace 2018 421% p———— 089[057,1.39]
Gupta et al, BMC Cardvovasc Disord. 2019 476% —_— 058[037,084)
HaNvorsen et al, Eur Heart J Cardiovasc Pharmacother. 2017 621 % ’—.'—! 093(067,129]
Hohnloser et al, Thromb Haemost 2018 793% by | 068(053,088)
Lakberte et al, Curr Med Res Opin. 2014 299% e e 1.17[066, 2 06]
Lee et al, Stroke. 2019 (2) 9% F-— 0.72[059,0.88)
Norby et al, BMC Cardiovasc Disord. 20171 584% —— 055[0.39,0.78]
Norby et al, BMC Cardiovasc Disord. 2017 2 410% | o | 104066, 164]
Okumara et al, Circ J. 2018 584% o e 113080, 1.60]
Staerk et al, European Heart Journal 2016 508 % Pt 066[0.45,097]
Upeyi et al, Eur J Cin Pharmacol 2018 041% —— 057[047,070]
Vinogradova et al, BMJ. 2018 784% —e— 087[067,1.12)
Yao et al, J Am Heart Assoc. 2016 522% — 0.51[0.35,0.75)
RE Model <> 073(065,081)
=311, 0159 <001 = 51.7%)
03 0es 2
C) Favors Rvaraxaban  Favors VKA
Main ysis ICH HR: [{ ) vs. VKA
Study. Journal and Year Weight Hazard Ratio [95% CI]
Adeboyeje et al, J Manag Care Spec Pharm 2017 617% r—o—;—c 083052, 1.33)
Amin et al. J Thromb Thrombolysis. 2019 853% —8—i 060[0.48, 0.75)
Chanetal, Chest 2019 566% -y 044[026, 075
Coleman et al, Curr Med Res Opin 2018 359% e 038[017, 0.86]
Coleman et al, intem Emerg Med 2017 047% - - 103006, 17.08]
Deitelzweig e al, Curr Med Res Opin. 2017 592% ] 071(043, 117
Forshund et al, Ewropace. 2018 583% ] 0.75[045, 125]
Gupta et al, BMC Cardiovasc Disord. 2019 601% - 0.49(0.30, 0.80]
HaNvorsen et al, Eur Heart J Cardiovasc Pharmacother. 2017 653 % —— | 056[0.36, 0.87]
Hohnloser et al, Thromb Haemost 2018 708% -. i 044030, 064]
Lee et al, Swoke 2019 (2) 841% - 067053, 085]
Okumura et al, Circ J. 2018 893% - 1.10[0.93, 131)
Siortis et al, Circulation 2018 618% —— 079[049, 127]
Staerk et al, European Heart Joumal 2016 643% —— | 053(0.34, 083]
Upeyl et al, Eur J Cin Pharmacol 2018 380% ——— 079[0.36, 1.73]
Vinogradova et al, BMJ. 2018 620% - 040[025, 064]
Yao et al, J Am Heart Assoc. 2016 425% | 024012, 049]
RE Model - 060[0.49, 073]
Q521,002 15,9 <001, = 729%)
033 0 1 2

Favors Apixaban  Favors VKA
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Figure 3

DOAC vs. DOAC

A)
Main Analysis ICH HR: vs.
Study, Journal and Year Weight Hazard Ratio [95% CI]
Adeboyeie etal, J Manag Care Spec Pharm 2017 2049% - 185[124.277)
Hernandez et al, Am J Cardiol 2017 534% L 1.05[0.48,231)
Lai et al J Am Heart Assoc. 2017 1002% R a— 126(0.71.224)
Lee etal, Stroke 2019 (2) 4005% Lo 1.57[1.18,2.00)
Nocby et al, BMC Cardiovasc Disord. 2017 890% e a— 1.47(0.80,271)
Noseworthy et al, Chest 2016 1517% B 179(1.12. 288
RE Model - 1.58(1.31,169
Q=29 @=5p=2077.r'=00%)
033 066 1 2
Favors Rvaroxaban  Favors Dabigatian
B) Main Analysis ICH HR: Api vs.
Study. Journal and Year Weight Hazard Ratio [95% C1)
Adeboyeie et al. J Manag Care Spec Pharm. 2017 1849% L 175(102.302)
Deitelzweig et al, Cur Med Res Opin 2017 689% L 0.98(0.39, 246)
Hermandez et al, Am J Cardiol 2017 783% —— 1.42(060,3.36)
Lee etal, Stroke 2019 (2) 4800% - 148(1.08,201)
Noseworthy et al, Chest 2016 655% - 065(025,167)
Vinogradova et al, BMJ. 2018 1224% ——————i 089045, 176)
RE Model - 1.32[1.03, 168}
@=838.@=8,p2027.7=70%)
033 066 1 2
Favors Apoaban  Favoes Dabigatran
<)
Main Analysis ICH HR: Api Vs,
Study, Journal and Year Weight Hazard Ratio [95% Ci]
Adeboyee et al, J Manag Care Spec Pharm 2017 1555% See 113(066,1.93)
Deitetzweig et al, Curr Med Res Opin 2017 1561% e 099058, 169)
Hermandez et al. Am J Cardiol 2017 1275% —1— 1.34[0.72.250)
Lee etal, Stroke 2019 (2) 226% o 096(076,121)
Noseworthy et al, Chest 2016 641% - 058(021,147)
Vinogradova et al, BMJ. 2016 1743% - . 052(032,084)
RE Model —aslp- 089(069,1.17)
=3t a=8 02010 =41 7%)
033 066 1 2

Favors Apixaban  Favors Rivaroxaban
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