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Abstract

Background Direct-acting oral anticoagulants (DOACs) are increasingly used, with studies
showing a lower risk of gastrointestinal bleeding (GIB), but overall data for GIB risk remains
debatable. The objective was to assess non-fatal and fatal GIB risk in patients on DOACs compared
with warfarin from randomized clinical trials (RCTs).

Methods RCTs comparing warfarin and DOACs for various indications (atrial fibrillation,
thromboembolism, insertion of mechanical heart valves) were included. The primary endpoint was
any GIB event. Other clinical events, such as fatal GIB, and effects of age (<60 years or older), time
in therapeutic range for warfarin, and choice of individual DOACs on GIB risk, were also assessed.

Results 14 RCTs were included, comprising 87,407 participants (DOACs n=46,223, warfarin control
n=41,184). The risk of GIB with DOACs was similar to that of warfarin (relative risk [RR] 1.04, 95%
confidence interval [CI] 0.85-1.27). Compared with warfarin, rivaroxaban (RR 1.23, 95%CI 1.03-1.48)
and dabigatran (RR 1.38, 95%CI 1.12-1.71) had a higher risk of any GIB, whereas fatal GIB risk was
lower in the DOACs group (RR 0.36, 95%CI 0.15-0.82). The risk of DOAC-related fatal GIB was lower
in patients aged <60 years and in those with poor coagulation control (RR 0.39, 95%CI 0.15-0.98).

Conclusions DOACs compared with warfarin have a lower risk of fatal GIB, especially in those
aged <60 years and those with poor coagulation control. However, the risk of GIB was comparable
with warfarin and DOACs, except for rivaroxaban and dabigatran.
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Introduction

The use of vitamin K antagonists (mainly warfarin) is

Jecmenica, Mahesh Cheryala, Bojana Milekic, Milos Babic); *Geisinger
Commonwealth School of Medicine, PA (Mark M. Aloysius, Pardeep
Bansal); ‘Department of Gastroenterology and Hepatology, University

of Arkansas for Medical Sciences, Little Rock, AR (Abhilash Perisetti);
dMercer University School of Medicine, GA (Hemant Goyal);
‘Department of Internal Medicine, Bassett Medical Center, NY (Umesha
Boregowda); ‘Monument Health Heart and Vasular Institute, SD (Anurag
Bajaj); ¢Department of Gastroenterology, Commonwealth Health
Regional Hospital of Scranton, PA (Pardeep Bansal, Greg H. Enders), USA

Conlflict of Interest: None

Correspondence to: Hemant Goyal, MD FACP PGDCA (MBA), The
Wright Center for Graduate Medical Education, 501 S. Washington
Avenue, Scranton, PA 18505, USA, e-mail: doc.hemant@yahoo.com

Received 16 October 2021; accepted 10 May 2021;
published online 17 July 2021

DOIL: https://doi.org/10.20524/a0g.2021.0658

© 2021 Hellenic Society of Gastroenterology

characterized by frequent visits to the clinic for monitoring
the international normalized ratio (INR) to assess therapeutic
efficacy, in addition to concurrent heparin use for bridging,
and the disadvantage of drug-drug and drug-food interactions
requiring dose adjustments. Given these drawbacks, the use
of warfarin is cumbersome and can lead to low adherence [1].
Direct-acting oral anticoagulants (DOACs) have the distinct
advantage of fixed dosing and do not require continuous
laboratory monitoring. These features, combined with the
availability of FDA-approved reversal agents, have made them
desirable anticoagulants [2,3].

Several studies have shown equivalent therapeutic efficacy of
DOACs compared with warfarin in atrial fibrillation and venous
thromboembolism (VTE) [4-6]. However, there are few specific
guidelines available to guide physicians about the individualized
use of a particular DOAC for patients. Most choices rely on
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healthcare providers’ preference, the patient’s risk status, and the
cost of the drugs, through a shared decision-making process.

In this meta-analysis, we aimed to evaluate the overall safety
profile of DOACs, emphasizing overall risk of gastrointestinal
bleeding (GIB) and, more specifically, risk of fatal GIB.
In addition, we compared individual DOACs to warfarin
regarding the risk of GIB and safety in light of the variability of
INR controls, i.e. the time in therapeutic range (TTR).

Materials and methods
Protocol, eligibility, and data extraction

The meta-analysis was performed in compliance with PRISMA
(Preferred Reporting Items for Systematic Review and Meta-
Analysis) guidelines [7]. Randomized controlled trials (RCTs)
published from January 2009 to December 2019 comparing
DOACs with warfarin were included in this study (Fig. 1A).
Studies published in languages other than English, unpublished
studies, observational and cohort studies were excluded.
Studies that used another anticoagulant or antiplatelet agent in
one or both study arms or did not report GIB events were also
excluded. PubMed, Google Scholar, Cochrane and EMBASE
search engines were used for the literature search. A detailed
methodology of the broad search strategy and key terms used
is outlined in Supplementary Table 1. RCTs were included
that: 1) used DOACs for non-valvular atrial fibrillation, VTE,
prevention of VTE, or mechanical valve thromboprophylaxis; and
2) reported outcomes of interest at minimum follow up lasting
the total duration of the study, in addition to at least 12 months
following study completion. Details of exclusion criteria and data
extraction are provided in Fig. 1A. Two authors (MB and BM)
independently participated in screening the studies for eligibility
and obtaining full texts. There were no discrepancies as strict
criteria for eligibility were applied.

Risk of publication bias and quality assessment

The risk of publication bias across studies was assessed using
the funnel plot (Fig. 1B), and all included studies fell within
the symmetric inverted funnel, indicating no publication
bias with a 95% confidence interval (CI). The risk of bias of
individual studies was assessed using the Cochrane method for
random sequence generation, random allocation, blinding of
participants and outcomes, incomplete outcome, and selective
reporting outcome. It was graded as no risk (full data reported),
questionable risk (partial data reported), and high risk (no data
reported) (Supplementary Fig. 1).

Data synthesis and statistical analysis

We used the standard I test for heterogeneity. An I’value >50
was considered to indicate the presence of some heterogeneity.
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Sensitivity analyses were performed by excluding one study at
a time and estimating the impact of each such exclusion on
the overall meta-analysis. Review Manager (Rev Man) Version
5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014, was the statistical package used for the
synthesis of the meta-analysis. The summary measure of each
analysis was computed as relative risk (RR) with a 95%CI. The
random-effects (rather than fixed-effects) model was chosen
as the appropriate test, based on its better performance in the
presence of heterogeneity with a smaller number of events,
especially in the subgroup analysis [8].

Outcomes

The primary safety outcomes included overall GIB and
fatal GIB. Secondary subgroup analysis was performed for
individual DOAC (apixaban, dabigatran, edoxaban, and
rivaroxaban), age (younger than or equal to 60 years vs. older
than 60 years), and warfarin dose maintenance of INR (in the
therapeutic range of 2-3, TTR higher than 60% vs. less than
60% of the time).

Results

Characteristics of the included studies

A broad search strategy through 4 search engines (PubMed,
Google Scholar, Cochrane and EMBASE) using the keywords
DOAC, warfarin, and human studies yielded 2304 citations.
A total of 14 RCTs were finally included (Fig. 1A). The included
studies comprised 87,407 participants (DOACs n=46,223,
warfarin control n=41,184). Males comprised 64.4% of the
study participants. The median age was 67.5 years (interquartile
range [IQR] 57.4-71.4 years). The median follow up was 40 (IQR
21-103.25) weeks. Indications were atrial fibrillation (n=9),
VTE (n=2), pulmonary embolism (PE) (n=1), VIE/PE (n=1),
mechanical valve thromboprophylaxis (n=1). A detailed table of
the characteristics of the included studies is available (Table 1).

Risk of publication bias and quality assessment of the
included studies

Any GIB

Compared to warfarin use, overall DOAC use was associated
with similar GIB events (RR 1.04, 95%CI 0.85-1.27; P=0.0002;
PP=68%). All studies reported bleeding events (Fig. 2A).
Results were predominately driven by 6 studies (AMPLIFY,
ARISTOTLE, EINSTEIN, RE-ALIGN, RE-COVER, RE-LY).
The dataset was considered heterogeneous, with a x> of 36.95
and P of 68%. The Egger’s regression analysis of all the included
studies showed no evidence of significant publication bias
(P=0.4069).



DOAC s vs. warfarin and GIB risk 653

("pauod)
[1€] (€102
Papulq Ing) LA
Al 89€°86C 90 TI's 09 @l S9X 81T (48474 NvVIvXoad VN Hd/dLA TLS ASS I[qnoQg IO9  -IVSOIOH
[og] (€107
ouerSnion)
papurq INLL AV
LG 761 ‘89¢ 6S°€S TETT0L Sy1 148 ON  9¢0Z 90711 NVIvXOdd 14 Vv L L d[qnoa LOY “HOVONH
[67] (z10C
PqeT uwado B[g) 4d
00 1 T €1'e (4] (4 Sk €I¥C 61¥C  NVIVXOIVAIL VN dd  S'LS 6°'LS  poziuopuey TOY  -NI4LSNIA
[82] (€102
papur(q 1pusy)
00 81°L 1 9¢ 8¢ 144 SOk ¥0LT 169C NVAIXIdV VN HLA  L9S LS s[qnog 104 ATTdNY
[£2] (z10T
papulq LIoH) (-dV
€1 719 AN 01°s ICT 0cI ON 00S 0€S NVIVXOIVATIT qCe v 908 T'TL I[qnoqg LOY LIMO0Y
[oz]
papurq (T10T [1ed)
ST 8ET°061 AN 786G 101 78 ON ¢€I1Z 1€ NVIVXOIVAL Ly'E v €09 €L d[qnog 1O¥ 4V 13D0d
[s2] (600T
02T ‘Z8T 9209 (pbBw st 0TT) papurq A[ouuoD)
AN ‘cel AN [8°9¢°/T Y01 701 ON 7209 ‘6109 NWVILVOIdVA 1T AV 8¢9 SIL s[qnog 1Od ATdd
[¥el
(p1q Swg papurq (1107 EMESQ)
00 ¥ 00 00 91 CI ON YL ¥LYL  ‘GT) NVAIXIAV 6T av 29 0L Arenreq ILOY HILOLSI™V
(%TTT
TSA%YIT
se oI
-uou
10 (M
paurquiod
se [e7] (1102
payiodar) papurq 123ueIn))
«IN 611 ‘S0T LTV TTIes (4 0CI ON 1806 0cI6 NVAIXIdV 1C A AA ) 0L dlqnog 108 HILLOLSIMV
(VA (VA (VIA  (SPam)  (SPam)
OVON) (VA  OVON)  ‘OVON) dn  suoe
P39[q DVON) pa21q pa2[q Mmof[0] Apms
19-pa91q Pad]q [eIUBIORNUI [RIUBIDBRNUI  UONRIND  JO 3sn (u) (sdnoid qns) zSAQVHD el % a3e [799] (A1)
[e1eg D [EloL eyeg 0], uerpajy uerpaly SuiSpug  umeprepy  (u) dnoi8 Apmyg  uespy IOJ UOTJEDIPU]  SO[e]]  UBSIA[ Surpurrg  uSsaq [etn Apmg

sJuaAd pue az1s Apmys ‘soryderSowap ‘suoneorpur ‘udisap Apnis Usam1aq SAOUIAPIP pafrela(J I AqeL

Annals of Gastroenterology 34



24]DA [DIUDYIIUL A TN “WisHOquid Aivuouind G Uis10quia0quI0LY] SHOUIA T A UOHDI[LIqL [DLIY TV ‘pajiodai jou YN 21qvatddp jou YN Jaquv] uado paziwiopuv. “TOY o141 pajjosjuod paziuiopuvi TOY

0¥ 144

[e€] (10T

(uone[qy °qe7 uadQ ojeddeD)

10 I'c 0C 0C 4t 4! ON <0s 00T  NVIVXOUVATIL 180d) 4V L EOMES IO RN 104 THIAX

[e€] (sT0C

(uome[qy PqeTuado ojedden)

00 1c 00 10 8 8 ON  ¥CI ¥l NVIVXOIVARL 91 10d) V. 0L UORN S ZITIOPER 104 HINLNIA

[o1] (€102

PgeTuado WooqpR)

00 0T AN 06 1c 1 ON V8 891 NVILYODIGVA VN AN S9 O [PRANNORnE] 104 NOITV-2d

[zel (e10e

(uors12A0TpIR)) papurq Afouuo)))

00 00 I'T I'T 1c 1c ON  /tI LT1 NVIIXTH1dd (44 wO IV 79 L 2lqroda NFO). | ex-o10[dxy

[11] (6002

papurq uewns)

AN Sees €0 €0 8¢ 144 Sk 9971 €71 NVILYOIGVA VN dILA 8§ SS °[qnodg 104 ¥dAOO-HY
(VA (VA (VA (9pam)  (Spam)
OVON) (VA  OVON)  ‘OVON) dn sjuoBe
P33[q  DVON) pa21q p21q Mmorpey Apms

19-PIdIq Pad[q [erueIdenUI  [RIUBDRNUI  UOHRIND  JO Isn (u) (sdnox8 qns) zSAVHD ern % a3e [3o49] (4X)

[ereg IO [EOL [ereq [0l uelpoly uerpoy SuiSpug umeprepy  (u) dnox3 Apmyg  ueapy  Ioy uomESTPU] SS[RIN  UBSN Surpuryg  udsaq et Apmig

654 M. M. Aloysius et al

(panunuo)) 1 31qel,

Annals of Gastroenterology 34



DOAC s vs. warfarin and GIB risk 655
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Figure 1 (A) results of literature search. (B) funnel plot of the included studies for publication bias
LMWH, low molecular weight heparin; UFH, unfractionated heparin; GIB, gastrointestinal bleeding; CI, confidence interval

Apixaban. Any risk of GIB with Apixaban was included in 2
studies (AMPLIFY, ARISTOTLE) with a total of 15,240 patients
on apixaban vs. 15177 on warfarin. GIB events were again
similar (RR 1.04, 95%CI0.72-1.51; P=0.83; ’=66%). All studies
reported bleeding events (Fig. 2B). The dataset was considered
heterogeneous, with a % of 5.85 and P of 66%.

Dabigatran. Any risk of GIB with dabigatran was included
in 3 studies (RE-AGIGN, RE- COVER, RE-LY) with a total of
16,791 patients on dabigatran vs. 12,420 on warfarin. Similar
numbers of GIB events were observed (RR 1.09, 95%CI
0.79-1.62-1.48; P=0.62; I’=87%). The dataset was considered
heterogeneous, with a % of 15.04 and P of 87%. Sensitivity

Annals of Gastroenterology 34
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DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AMPLIFY (Agnelli et al 2013) [28] 105 9120 119 9081 14.3% 0.88[0.68, 1.14] —=r
ARISTOTLE (Granger et al 2011) [23] 2 74 4 74 1.4% 0.50 [0.09, 2.65] —
ARISTOTLE (Ogawa et al 2011) [24] 158 6046 120 6022 14.9% 1.31[1.04, 1.66] Il
EINSTEIN PE (Buller et al 2012) [29] 190 7131 138 7133 154% 1.38 [1.11, 1.71] -
ENCAGE AF TIMI (Guigliano et a/ 2013)[30] 6 530 12 500 3.5% 0.47[0.18, 1.25] -
EXPLORE Xa (Buller et al 2013) [31] 7 2691 18 2704 4.2% 0.39[0.16, 0.93] —_—
HOKUSAI VTE (Buller et al 2013) [31] 1 2419 2 2413 0.7% 0.50 [0.05, 5.50]
RE ALIGN (Eikelboom et al 2013) [16] 368 11406 192 7036 16.4% 1.18[1.00, 1.40] =
RE-COVER (Schulmari et al 2009) [11] 298 4112 368 4118 17.0% 0.81[0.70, 0.94] -
RE-LY (Connolly et al 2009) [25] 53 1273 35 1266 10.4% 1.51[0.99, 2.29] =
ROCKET AF (Patel et al 2011) [26] 0 127 0 127 Not estimable
ROCKET AF-J (Horl et al 2012) [27] 1 168 0 84  0.4% 1.5110.06, 36.65]
VENTURE (Cappato et al 2015) [33] 2 124 1 124 0.7% 2.00[0.18, 21.77]
XeVERT (Cappato et al 2014) [34] 3 1002 1 502  0.8% 1.50[0.16, 14.41]
Total (95% Cl) 46223 41184 100.0% 1.04 [0.85, 1.27] T
Total events 1194 1010
Heterogeneity: Tau?= 0.06; Chi? = 36.95, df = 1 (P = 0.0002); I> = 68% t t T t t
Test for overall effect: Z = 0.34 (P = 0.73) 0.05 02 1 5 20
DOAC Favours WARFARIN
DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
AMPLIFY (Agnelli et al 2013) [28] 105 9120 119 9081 46.6% 0.88[0.68, 1.14]
ARISTOTLE (Granger et al 2011) [23] 2 74 4 74 4.6% 0.50 [0.09, 2.65]
ARISTOTLE (Ogawa et al 2011) [24] 158 6046 120 6022 48.8% 1.31[1.04, 1.66]
Total (95% Cl) 15240 15177 100.0% 1.04 [0.72, 1.51]
Total events 265 243
Heterogeneity: Tau?= 0.06; Chi? = 5.85, df = 2 (P = 0.05); I> = 66% ; + + + {
Test for overall effect: Z = 0.21 (P = 0.83) 0.01 0.1 1 10 100
DOAC Favours WARFARIN
DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
RE ALIGN (Eikelboom et a/ 2013) [16] 368 11406 192 7036 82.6% 0.18[1.00, 1.40]
RE-COVER (Schulman et al 2009) [11] 298 4112 368 4118 0.0% 0.81[0.70, 0.94]
RE-LY(Connolly et al 2009) [25] 53 1273 35 1266 17.4% 1.51[0.99, 2.29] =
Total (95% Cl) 12679 8302 100.0% 1.23 [1.03, 1.48] >
Total events 421 227
Heterogeneity: Tau?= 0.00; Chi? = 1.09, df = 1 (P = 0.30); I = 9% + t + t + t
Test for overall effect: Z = 2.29 (P = 0.02) 0.1 02 05 1 2 2 10
DOAC Favours WARFARIN
E DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ENCAGE AF TIMI (Guigliano et a/ 2013) [30] 6 530 12 500 85.9% 0.47[0.18, 1.25] —
HOKUSAI VTE (Buller et al 2013) [31] 1 2419 2 2413 141% 0.50 [0.05, 5.50] I
Total (95% CI) 2949 2913 100.0% 0.48 [0.19, 1.17] <>
Total events 7 14
Heterogeneity: Tau?= 0.00; Chi? = 1.00, df =1 (P = 0.97); I>= 0% k t + i
Test for overall effect: Z = 1.62 (P = 0.11) 0.001 0.1 1 10 1000
DOAC Favours WARFARIN
DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
EINSTEIN PE (Buller et a/ 2012) [29] 190 7131 138 7133 97.8% 1.38 [1.11, 1.71]
ROCKET AF (Patel et al 2011) [26] 0 127 0 127 Not estimable
ROCKET AF-J (Horl et al 2012) [27] 1 168 0 84 0.5% 1.51[0.06, 36.65] I
VENTURE (Cappato et al 2015) [33] 2 124 1 124 0.8% 2.00[0.16, 21.77] I e ——
XeVERT (Cappato et al 2014) [34] 3 1002 1 502 0.9% 1.50[0.16, 14.41] R
Total (95% Cl) 8552 7970 100.0% 1.38 [1.12, 1.71] ‘
Total events 196 140
Heterogeneity: Tau?= 0.00; Chi? = 0.10, df = 3 (P = 0.99); I> = 0% F + + 1
Test for overall effect: Z = 2.96 (P = 0.003) 0.001 0.1 1 10 1000
DOAC Favours WARFARIN

Figure 2 (A) Any gastrointestinal bleeding (GIB); (B) apixaban any GIB; (C) dabigatran any GIB (after sensitivity analysis); (D) edoxaban any GIB;
(E) rivaroxaban any GIB
DOAC, direct-acting oral anticoagulant; CI, confidence interval

analysis reduced heterogeneity, reducing P from 87% to 9% Edoxaban. Any risk of GIB with edoxaban was included
after the exclusion of RE-COVER, and also changed the results in only 2 studies (ENGAGE AF TM TIMI, HOKUSAI
favoring warfarin for risk for any GIB (Fig. 2C). VTE) with a total of 2949 patients on edoxaban vs. 2913 on
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warfarin. GIB events were less common on edoxaban (RR
0.48, 95%CI 0.19-1.17; P=0.11; ’=0%) (Fig. 2D). The dataset
was considered non-heterogeneous, with a x> of 0% and P
of 0%.

Rivaroxaban. Any risk of GIB with rivaroxaban was
included in 4 studies (EINSTEIN PE, ROCKET-AF, VENTURE,
Xe-VERT) with a total of 8552 patients on rivaroxaban vs. 7970
on warfarin. GIB events were more common on rivaroxaban
(RR 1.38, 95%CI 1.12-1.71; P=0.003; ’=0%) (Fig. 2E). The
dataset was considered non-heterogeneous, with a x? of 10%
and P of 0%.

Any GIB with age and DOAC use. Risk of any GIB with
use of DOACs was comparable with warfarin and did not differ
in participants younger than 60 years compared with those
older than 60 years (Supplementary Fig. 2A,B).

Fatal GIB. Meta-analysis of 11 studies that reported fatal
GIB demonstrated that DOACs use was associated with a
lower risk of fatal GIB when compared with warfarin (RR 0.36,
95%CI 0.15-0.82) (Supplementary Fig. 3A).

Fatal GIB

The risk of fatal GIB with use of DOACs in
participants younger than 60 years was assessed in a total
of 25,068 patients on DOACs vs. 20,700 on warfarin.
The DOAC groups showed fewer fatal GIB events (RR
0.39, 95%CI 0.15-0.98; P=0.05; I’=0%) (Supplementary
Fig. 3B), compared with participants older than 60 years
(Supplementary Fig. 3C).

Dabigatran. The risk of fatal GIB with dabigatran was
included in 2 studies (RE-ALIGN and RE- COVER) with a
total of 15,510 patients on dabigatran vs. 11,154 on warfarin.
Fatal GIB events were less common on DOACs (RR 0.45,
95%CI 0.16-1.27; P=0.13; ’=0%) (Supplementary Fig. 4). The
dataset was considered non-heterogeneous, with a ? of 1% and
P of 0%.

Rivaroxaban. The risk of fatal GIB with rivaroxaban
was included in 5 studies (EINSTEIN PE, ROCKET-AFE,
ROCKET-AF-], VENTURE, Xe-VERT) with a total of
8552 patients on rivaroxaban vs. 7970 on warfarin. Fatal
GIB events were less common on rivaroxaban (RR 0.19,
95%CI 0.03-1.12; P=0.07; I’=0%) (Supplementary Fig. 5).
The dataset was considered non-heterogeneous, with a >
of 1% and P of 0%.

DOACs and patients with poor INR control. Any GIB
risk was equivalent between DOAC and warfarin groups,
regardless of TTR (Supplementary Fig. 6A,B). However, TTR
<60% was an adverse determinant of fatal GIB with warfarin
and conferred a risk reduction advantage of DOAC use over
warfarin by an RR of 0.39 (95%CI 0.15-0.98; Supplementary
Fig. 7A). Good INR control, TTR >60%, was not an adverse
determinant of fatal GIB with warfarin than DOACs, implying
if INR was in the therapeutic range for more than 60% of the
time, GIB risk associated with warfarin or DOAC was similar
(Supplementary Fig. 7B).

DOACs vs. warfarin and GIB risk 657

Study quality. All included studies had minimal or no
risk of bias. Although 3 studies (RE- ALIGN, VENTURE, Xe-
VERT) had a high risk of allocation and blinding bias, these
studies had no bias in randomization or outcome reporting.
Heterogeneity variance I” in most analyses was low, indicating
that homogenous study populations were compared. In a
few analyses, where I* was higher than desired, a robust
sensitivity analysis was performed to eliminate the effect of
heterogeneity, thereby preserving the quality of the meta-
analysis results.

Discussion

This meta-analysis shows that DOACs have GIB safety
profiles comparable to that of warfarin. However, the
risk of fatal GIB was lower with DOACs. These findings
are in concordance with previous studies that showed
a lower risk of major or fatal bleeding episodes [4-6,9].
However, those studies included patients from case-control
and retrospective studies, not performed in a controlled
environment, and the results cannot confer certainty given
the presence of multiple confounding factors. Assessment
of bleeding risk is crucial when we evaluate the safety of
these agents, as well as the patients’ perception of the value
of these agents [10]. Compared to warfarin use, overall
DOAC use was associated with similar GIB events (RR
1.04, 95%CI 0.85-1.27; P=0.0002). Previous studies showed
that fixed-dose dabigatran is as effective as warfarin in the
treatment of acute VTE, with a safety profile similar to that
of warfarin [11,12]. The risk of any bleeding (both major
and minor) was lower with dabigatran. However, a trend
towards increased GIB was noted in these studies with
higher doses of dabigatran (150 mg b.i.d. associated with
higher GIB compared to 110 mg b.i.d.) [11,12]. Dabigatran
compound is mixed with an acid core (tartaric acid) to
increase its absorption; this could affect the stomach lining,
contributing to an increased risk of GIB [13]. A higher risk
of GIB with warfarin could be due to a variable risk for
bleeding in individuals with cardiovascular disease and
VTE, as well as dosing changes [14]. Sensitivity testing
changed the bleeding risk in favor of warfarin after the
elimination of the RE-COVER data, compared with RE-LY
and RE-ALIGN [11,15-17]. RE-LY was the main driver of
the study results for dabigatran, because of its large sample
size [11,15-17]. Heterogeneity was mainly contributed by
RE-COVER, because dabigatran was not given in the group
with chronic kidney disease, whereas in RE-LY 20% of those
patients received dabigatran. A higher dabigatran dose of
150 mg was consistently used in RE-COVER, compared
with 110 mg and 150 mg doses in RE-LY [11,15-17],
similar to other meta-analyses [11,15]. One of the major
limitations of other meta-analyses is the lack of data on
fatal GIB, and the use of major bleeding (defined as Hb
drop >2 g/dL or requiring transfusion of at least 2 units
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of packed red blood cells) as a surrogate marker for fatal
GIB, as defined by the International Society of Thrombosis
and Hemostasis. Such definitions are not universally
followed in clinical trials and do not reflect real mortality
data [18]. Our meta-analysis focused on actual fatal GIB, a
rigorous and clinically meaningful endpoint, and showed
that the risk of fatal GIB with DOAC was significantly
lower than with conventional warfarin (RR 0.36, 95%CI
0.15-0.82). The bleeding risk of DOACs is dose-dependent
and is partially attributed to their higher dwell time in the
gastrointestinal tract [19]. Head-to-head comparison of
DOAG:s is rare, especially when comparing bleeding risks.
In our meta-analysis, both rivaroxaban and dabigatran
showed a higher risk of any GIB compared with warfarin
(rivaroxaban RR 1.23, 95%CI 1.03-1.48, dabigatran RR
1.38, 95%CI 1.12-1.71). Head-to-head comparison showed
that dabigatran and rivaroxaban were not associated with a
higher risk of GIB after 40 days of usage (dabigatran 5.3%
vs. rivaroxaban 4.8%; P=0.8) [20]. Our findings suggest
that poor INR control (TTR <60%) was a determinant of
fatal GIB in the warfarin group. DOACs conferred a risk
reduction (RR 0.39, 95%CI 0.15-0.98). Previous studies
have used different INR targets for the therapeutic range.
For example, the Hokusai-VTE trial had an INR target of
2.0-3.0, while other studies used a lower threshold target
of INR 1.5-2.5 [21]. Japanese guidelines use a target INR of
1.5-2.5 instead of the conventional 2-3 [22].

The main strength of our study is the selection criteria,
which were rigorous, with exclusion of concomitant
antiplatelet agent use, to discern the specific effects on GIB
of DOACs vs. warfarin. The risk of bias at every stage of
each trial was analyzed in depth (risk-of-bias chart), and
all studies had no or minimal bias. Another significant
strength of this study is its emphasis on any GIB and
fatal GIB, along with comparing individual DOACs with
warfarin. Further, the analysis of the effects of age (above
or below 60 years) and the TTR variable lend depth to the
DOAC use analysis.

Despite strict inclusion and exclusion criteria, the trials
analyzed here might not be inherently similar. For example,
the ROCKET-AF trial required participants to have a CHADS,
score of 2 or higher, whereas ARISTOTLE and RE-LY included
participants with scores 0 and 1. Other limitations were our
inability to differentiate upper from lower GIB, and the unclear
time to event (as these data were not consistently apparent in
the included studies).

This meta-analysis provides a comprehensive
assessment from published clinical trials of the risks of
any GIB and fatal GIB associated with the use of FDA-
approved DOACs compared with warfarin, and adds
further essential information to the existing literature
about the safety profile of DOACs. The risk of any GIB is
similar with DOACs (except dabigatran and rivaroxaban)
to warfarin. However, the risk of fatal GIB is significantly
lower with all DOACs. The availability of data on adverse
events such as GIB helps inform clinicians in a shared
decision-making process with patients on the choice of
DOACs vs. warfarin.
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Summary Box

What is already known:

e Gastrointestinal bleeding (GIB) related to
anticoagulant use is comparable between direct-
acting oral anticoagulants (DOACs) and warfarin,
according to cohort and observational studies;
however, many of these studies and meta-analyses
are confounded by the concomitant use of other
anticoagulants or antiplatelet agents

e DOACs are increasingly favored over warfarin
for their ease of dosing and fewer drug or food
interactions

o The risk of fatal GIB from DOAC vs. warfarin use
is largely unknown from meta-analyses of well
constructed clinical trials

What the new findings are:

e This is the first systematic review and meta-
analysis of randomized clinical trials comparing
DOAGC:sS vs. warfarin, to study the risk of any GIB
and fatal GIB

e DOAC use was associated with a lower risk of any
GIB compared with warfarin

e DOACs compared with warfarin have a lower risk
of fatal GIB, especially in patients aged <60 years

e A time in therapeutic range <60% for warfarin
rendered warfarin inferior to DOACs
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Supplementary Table 1 Cochrane search strategy and keywords used for the search PICO

Supplementary material

PICO Strategy Participants Intervention Comparator Outcome
Study Adult patients Direct-acting oral Warfarin Gastrointestinal
Focus who require anticoagulant bleeding
anticoagulation
in the setting of a
clinical trial
Free text and Deep vein (venous) (AND) Apixaban (AND)  Warfarin (AND) “Outcome was not
MeSH terms thrombosis (OR) (OR) included to keep
(BOOLEAN (OR) Rivaroxaban Coumadin the search criteria
operators to Pulmonary (OR) (OR) broad-based on the
maximize yield) embolism Dabigatran Acenocoumarol assumption that
(OR) (OR) (OR) gastrointestinal
Thromboembolism Edoxaban Vitamin K bleeding as a
(OR) (OR) antagonists complication does not
Atrial fibrillation Betrixaban (AND) always get included in
(OR) (OR) Clinical Trial the title or abstract
Prosthetic valve Oral
(AND) anticoagulation
Clinical Trial (OR)
Direct factor Xa
Inhibitor
(AND)
Clinical Trial

Participants = adult patients who require anticoagulation in the setting of a clinical trial

Intervention = Direct acting oral anticoagulant

Comparator = Warfarin

Outcome = Gastrointestinal bleeding

Search strategy
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Incomplete outcome data

ARISTOTLE (Granger 2011) [23]
ARISTOTLE (Ogawa 2011) RELY
(Connolly 2009) [25]

ROCKET AF (Patel 2011) [26]
ROCKET AF-J (Hori 2012) [27]
AMPLIFY (Agnelli 2013) [28]
EINSTEIN-PE (Buller 2012) [29]
ENGAGE-AF TIM [30]
HOKUSAI-VTE (Buller 2013) [31]
RE-COVER (Schulman 2009) [11]
Explore-Xa (Connolly 2013) [25]
RE-ALIGN (Eikelboom 2013) [16]
VENTURE (Cappato 2015) [33]
Xe-VERT (Cappato 2014) [34]

_ No risk of bias

Questionable risk of bias
High risk of bias

Supplementary Figure 1 Cochrane method for analysis of study quality

Test for overall effect: Z = 0.22 (P = 0.82)
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Risk Ratio
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Supplementary Figure 2 (A) GI bleed < 60y; (B). GI bleed > 60y
DOAC, direct-acting oral anticoagulant; CI, confidence interval




Test for overall effect: Z = 2.44 (P = 0.01)
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Supplementary Figure 3 (A) Any fatal GI bleed, (B) Fatal GI bleed <60y, (C) Fatal GI bleed > 60y
DOAC, direct-acting oral anticoagulant; CI, confidence interval; GI, gastrointestinal
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Supplementary Figure 4 Dabigatran fatal GI bleed
DOAC, direct-acting oral anticoagulant; CI, confidence interval
DOAC WARFARIN Risk Ratio Risk Ratio
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Supplementary Figure 5 Rivaroxaban fatal GI bleed
DOAC, direct-acting oral anticoagulant; CI, confidence interval; GI, gastrointestinal
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Supplementary Figure 6 (A) Any GI bleed (INR<60% target therapeutic range) (B) Any GI bleed (INR>60% target therapeutic range)
DOAC, direct-acting oral anticoagulant; CI, confidence interval; GI, gastrointestinal; INR, international normalized ratio
DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
ARISTOTLE (Granger et al 2011) [23] 0 74 0 74 Not estimable
EINSTEIN PE (Buller et al 2012) [29] 1 7131 5 7133 18.9% 0.20[0.02, 1.71] — =
RE ALIGN (Eikelboom et al 2013) [16] 5 11406 7 7036 66.0% 0.44 [0.14, 1.39] —iT
RE-COVER (Schulman et al 2009)[11] 1 4112 2 4118 15.1% 0.50[0.05, 5.52]
ROCKET AF (Patel et al 2011) [26] 0 127 0 127 Not estimable
Total (95% CI) 22850 18488 100.0% 0.39 [0.15, 0.98] i
Total events 7 14
[T, 2 _ . 2 - — L2 = ; + + J
?eterfogeneltyl.sz:\c: = 2902 ggl . _064(?5’; df =2 (P=0.79); | 0% o1 o1 I 100
est for overall effect: Z = 2.00 (P = 0.05) DOAC Favours WARFARIN
E DOAC WARFARIN Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ENGAGE AF TIMI (Guigliano et al 2013)[30] 1 530 3 5000 100.0% 3.14 [0.33, 30.18]
EXPLORE Xa (Buller et al 2013) [31] 0 2691 0 2704 Not estimable
HOKUSAI VTE (Buller et al 2013) [31] 0 2419 0 2413 Not estimable
ROCKET AF (Patel et al 2011) [26] 0 127 0 127 Not estimable
VENTURE (Cappato et al 2015) [33] 0 124 0 124 Not estimable
Total (95% CI) 5891 10368 100.0% 3.14 [0.33, 30.18]
Total events 1 3
Heterogeneity: Not applicable k + t J
0.001 0.1 10 1000
Test for overall effect: Z = 0.99 (P = 0.32) DOAC Favours WARFARIN

Supplementary Figure 7 (A) Fatal GI bleed (INR < 60% target therapeutic range) (B) Fatal GI bleed (INR > 60% target therapeutic range)
DOAG, direct-acting oral anticoagulant; CI, confidence interval; GI, gastrointestinal; INR, international normalized ratio




