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BACKGROUND The risk of arterial thrombotic events (ATEs) is high among patients on systemic anticancer therapies.

Despite the efficacy of anticoagulants in the prevention of cancer-associated venous thromboembolism, it is unknown

whether anticoagulation is effective to prevent ATEs.

OBJECTIVES This study sought to examine the efficacy and safety of anticoagulants in ATE prevention among

ambulatory cancer patients.

METHODS We performed a systematic review using Medline, Embase, Scopus, and Cochrane Central Register of Controlled

Trials (CENTRAL) from inception to May 21, 2022, and included studies comparing oral or parenteral anticoagulation with no

anticoagulation among ambulatory patients receiving systemic anticancer therapy with no other indication for anticoagu-

lation. The primary outcome was ATE (myocardial infarction, ischemic stroke, intra-abdominal arterial embolism, or pe-

ripheral artery occlusion). The secondary outcomes were major and nonmajor bleeding and all-cause mortality.

RESULTS Fourteen randomized trials involving low-molecular-weight heparins, direct oral anticoagulants, and warfarin

were included. ATEs were captured as coefficacy endpoints or adverse events. Anticoagulant use was not associated with

a reduction in ATEs compared with placebo or standard treatment (RR: 0.73, 95% CI: 0.50-1.04; P ¼ 0.08; I2 ¼ 0%). RRs

of major and minor bleeding were 1.56 (95% CI: 1.12-2.17) and 2.25 (95% CI: 1.45-3.48) with anticoagulant use. In 13

trials that reported all-cause mortality, risk of death was not reduced with anticoagulants (RR: 0.99; 95% CI: 0.95-1.02;

P ¼ 0.38; I2 ¼0%).

CONCLUSIONS Anticoagulants did not reduce ATE risk among ambulatory patients on systemic anticancer therapy and

were associated with increased bleeding. Based on the current data, anticoagulants have a limited role in ATE prevention

in this population as a whole. (J Am Coll Cardiol CardioOnc 2023;5:520–532) © 2023 The Authors. Published by Elsevier

on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR EV I A T I O N S

AND ACRONYM S

AMI = acute myocardial

infarction

ATE = arterial thrombotic

event

RoB 2 = Risk of Bias 2

RR = relative risk

VTE = venous

thromboembolism
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D espite the well-established association be-
tween cancer and venous thromboembo-
lism (VTE),1 the link between malignancy

and arterial thrombotic events (ATEs), consisting of
ischemic strokes, myocardial infarctions, and periph-
eral arterial events, remains under-recognized.2,3

Because of patient-, disease-, and treatment-specific
factors that contribute to endothelial dysfunction
and hypercoagulability, patients with cancer have a
higher risk of ATE compared with matched noncancer
cohorts.4-6 A recent systematic review of observa-
tional studies demonstrated differences in ATE risks
by the site of primary malignancy,7 whereas systemic
therapies such as antivascular endothelial growth fac-
tor antibodies (eg, bevacizumab) and tyrosine kinase
inhibitors further increase the risk of ATE among pa-
tients with cancer.8-11

Although low-dose anticoagulants are efficacious,
safe, and cost-effective means of VTE prophylaxis in
ambulatory cancer patients,12-14 it is unknown
whether they are effective in the prevention of ATE in
this patient group. Given the absence of clinical
guidelines on ATE prevention among patients with
cancer,15 we undertook a systematic review and meta-
analysis to examine the efficacy and safety of oral or
parenteral anticoagulation compared with no anti-
coagulation on ATE prevention in ambulatory cancer
patients receiving anticancer therapy.

METHODS

This systemic review and meta-analysis is reported in
accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis Statement.16

The study was reviewed and approved by the
Ottawa Health Science Network Research Ethics
Board (protocol ID: 20220572-01H) to enable analysis
of patient-level data where required. This review was
registered in the International Prospective Register of
Systematic Reviews (CRD42022315125).

ELIGIBILITY CRITERIA. We included randomized
trials comparing oral or parenteral anticoagulant
treatment (at prophylactic, intermediate, or thera-
peutic dose) to standard of care (no anticoagulation)
among ambulatory cancer patients with solid tumors
or lymphoma who were receiving or initiating tumor-
directed systemic therapy. Eligible systemic therapies
included conventional chemotherapy, monoclonal
antibody therapy, oral targeted therapies (eg, tyro-
sine kinase inhibitors or poly[adenosine
diphosphate–ribose] polymerase inhibitors),
checkpoint inhibitors, and hormonal therapies.
Eligible studies must have collected or reported
symptomatic ATEs during follow-up either as an
adjudicated outcome or as an adverse event,
including ischemic stroke, acute myocardial
infarction (AMI), intra-abdominal arterial
embolism, or peripheral artery occlusion.17

The exclusion criteria were as follows: 1)
observational studies, reviews, abstracts,
trial registries, protocols, conference pro-
ceedings, or unpublished studies; 2) <10
participants enrolled; 3) non-English ab-
stracts; 4) more than 5% of participants with
hematologic malignancies (excluding lym-

phoma) because these patients have an elevated risk
of thromboembolism or bleeding on anticoagulants;18

5) patients with primary brain tumors given the
increased risk of intracranial bleeding on anti-
coagulation (patients with brain metastases were
included);19 6) radiation or surgery alone; 7) duration
of follow-up <3 months; 8) patients on anti-
coagulation at enrollment; 9) more than 5% of par-
ticipants with previous VTE, and 10) comparison of
anticoagulants to antiplatelet agents; however,
studies that included individuals on antiplatelet
agents at baseline were eligible.

SEARCH STRATEGY. We conducted a systematic re-
view of published manuscripts, meeting abstracts,
and trial registrations using Medline, Embase, SCO-
PUS, and Cochrane Central Register of Controlled
Trials (CENTRAL) from inception to May 21, 2022,
with the aid of an information specialist. Before the
search, key articles were identified a priori based on
author expertise for use in calibrating the search.
Eight candidate articles were reviewed, and the
search strategy was developed by examining abstract,
title, and keyword terms of these source studies.
Other search terms used in the concept groups were
developed through input from study authors with
expertise in thrombosis and medical oncology. The
Canadian Agency for Drugs and Technologies in
Health database search filter was adapted to identify
randomized controlled trials.20 We did not include
gray literature or “backward” searching of the
included primary sources. We did not exclude the
search based on date or language. The complete
search strategy is included in the
Supplemental Appendix.

STUDY SELECTION. Five authors (Y.X., K.C., E.C.,
A.M., and C.M.) conducted independent abstract
screening in duplicate, with discrepancy adjudicated
by initial discussion and a third author if needed. Full
articles were obtained for any eligible study reporting
on VTE to prevent erroneous exclusion of articles
based on abstract alone, whereas ATEs were reported
only in full text. Full-length articles were

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=315125
https://doi.org/10.1016/j.jaccao.2023.04.003
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independently assessed by the same authors, during
which the primary article and supplementary mate-
rial were reviewed for eligibility. Search results
including abstract and full-text publications were
uploaded into Covidence (Alfred Hospital) with du-
plicates automatically excluded.

DATA EXTRACTION. Five authors (Y.X., K.C., E.C.,
A.M., and C.M.) independently extracted outcomes
using a standardized extraction form in duplicates.
Discrepancies in data collection were resolved
through consensus. We collected participant charac-
teristics (age, sex, cancer sites and stage, use of
antiplatelets, duration of follow-up, and adherence
rates), baseline risk factors for ATE (coronary artery
disease, history of ischemic stroke or peripheral ar-
tery disease, and smoking status), intervention and
comparator characteristics (anticoagulant type,
administration route, and dose), and outcome data.

The primary outcome was ATE, consisting of a
priori–defined acute ischemic stroke, AMI, or pe-
ripheral arterial occlusion. We used standard defini-
tions when reported by the study, such as the 2018
Joint Task Force universal definition of AMI21 or the
American Stroke Association definition of acute
ischemic stroke.22 When the definitions were not
identified a priori, we used study-level definitions.
The secondary outcome measures included compo-
nents of the primary outcome, major and nonmajor
bleeding (as defined by the study), and all-cause
mortality. We contacted the study authors if addi-
tional information was required after extraction of
the published data. For sources in which ATE
outcome data were reported but incomplete, we
extracted the remaining secondary outcomes.

All outcomes were extracted using the intention-
to-treat population except for the bleeding
outcome in which we used the modified intention-
to-treat or per-protocol population if reported by
the study.

QUALITY ASSESSMENT. We used the Cochrane Risk
of Bias 2 (RoB 2) tool to complete the risk of bias
assessment at the individual study level for the pri-
mary outcome.23 Each study was independently
assessed in duplicate, with disagreements resolved
through consensus. The components of the RoB2 tool
include 22 assessment items grouped into 5 domains,
including assessments of the randomization process,
assignment or adherence to intervention, handling of
missing outcome data, measurement of study out-
comes, and comprehensiveness of reporting study
outcomes. Any study with a high risk of bias in 1 of
the 5 domains was classified as a high risk of bias, in
keeping with recommendations by the RoB2 tool.
We assessed reporting bias through a funnel plot and
Egger’s test if more than 10 studies were included in
the meta-analysis.

DATA SYNTHESIS AND ANALYSIS. For the primary
outcome, we conducted a meta-analysis using studies
that reported complete ATE data. Complete ATE data
were defined as outcomes in which the classification
of ATE was clearly reported (eg, total ATE, AMI,
ischemic stroke, or peripheral arterial thrombosis),
and the intervention arm for the reported event was
indicated. Studies with vague ATE descriptions (eg,
“cardiovascular insult”) were not included in the
primary analysis unless the study authors provided
additional clarification. However, such studies were
included in secondary meta-analyses of major or
nonmajor bleeding and all-cause mortality if these
outcomes were appropriately reported.

We generated relative risks for all outcomes. Given
the clinical heterogeneity across the included studies
(eg, anticoagulant type, intensity, and treatment
duration), we used the DerSimonian and Laird
random-effects model to determine weighted aver-
ages for measures of effect with calculation of 95%
CIs. Statistical heterogeneity was assessed through
visual inspection of effect size estimates and 95% CIs
and via calculation of the I2 statistic. A 2-tailed P
value <0.05 was considered statistically significant.
When the included trials contained more than 1
treatment group (eg, different anticoagulant dos-
ages), these were collapsed into a single interven-
tional arm.

We performed a priori subgroup analyses for the
primary outcome, including dosing intensity, tumor
site, and duration of anticoagulation treatment. We
also conducted a priori sensitivity analyses focusing
on studies without a high risk of bias based on the
RoB2 tool and studies with a low (<30%) vs high
(>30%) discontinuation rate of the study drug. To
account for studies with 0 events, a treatment group
continuity correction was used if 1 or both arms of a
study cohort had 0 events.24 In addition, we per-
formed post hoc sensitivity analysis using risk dif-
ferences for outcomes with studies containing
0 events in both arms, which provides an estimate
without adjustment using continuity correction in the
setting of rare events,25 as well as the Peto 1-step odds
ratio method using a fixed-effects model, which is
reported to be the least biased and most powerful
method when event rates are #1%.26

We used Review Manager (RevMan version 5.4.1,
The Cochrane Collaboration) to conduct the meta-
analysis, with additional use of StatsDirect version
3.3.5 for continuity correction.



FIGURE 1 Study Selection Flowchart

The figure describes the selection process of the included articles in the systematic review, including those contributing to our primary

outcome (arterial thrombotic events [ATEs]) and secondary outcomes (major bleeding, minor bleeding, and mortality). *Three studies were

excluded from the meta-analysis on ATEs due to incomplete outcome reporting. One study was excluded from meta-analyses on bleeding and

all-cause mortality respectively, for the same reason.
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RESULTS

SEARCH RESULTS. Of 7,695 records identified by the
literature search, 5,130 were screened by title and
abstract after the removal of duplicates. Of these,
4,960 were excluded as irrelevant based on title and
abstract screening, with 177 records proceeding to
full-text review. Of these, 163 records were excluded
primarily because of the absence of reporting on ATEs
and conference abstracts only (Figure 1). Therefore, 14
randomized controlled trials (published in 13 records)
were eligible for inclusion in the systematic review
and meta-analysis.
CHARACTERISTICS OF INCLUDED STUDIES. Of the
13 references identified,27-39 1 publication contained 2
distinct trials35 and was analyzed separately (Table 1).
One trial did not mention the number of ATEs in the
intervention and comparator arms,36 and 3 reported
venous and arterial thrombotic events as a composite
outcome.35 Of the 11 trials that reported ATEs
amenable to meta-analysis, 6 collected this outcome
in a passive fashion (eg, as an adverse event) rather
than as primary or secondary outcomes.29-32,38,39 Six
of the trials were open-label in design.28,30,34,37,39,40

Prior ATEs were captured in 1 study31 at 0.7% and
1.3% among the interventional and control arms,
respectively. Similarly, 1 study reported baseline use
of antiplatelet agents at 23.0% in the interventional
group and 22.6% in the placebo group.29

Five of the 11 trials that reported complete ATE
outcome had a high risk of bias (Table 1), primarily
driven by passive reporting of ATEs rather than as
part of an outcome measure. Distribution of the
primary tumor sites is listed in Table 2, definitions of



TABLE 1 Characteristics of the Included Studies

First Author
(Year)

Study
Design N

Women
(%)

Age
(y)

CVC
(%)

Prior
VTE
(%)

Follow-Up
Duration
(mo)

Anticoagulant Type
(Duration)

Risk of Bias for
Primary Outcome

Levine et al31

(1994)
Double-blind,

1:1 RCT
311 Warfarin with target INR 1.3-1.9

(median 181 days)
High

Intervention 152 NR 57.1 (10.2) 2.6 0 6.6

Control 159 NR 56.1 (10.9) 4.4 1.3 6.3

Agnelli et al27

(2009)
Double-blind,

2:1 RCT
1,166 Nadroparin 3800 IU daily

(duration of chemotherapy or
up to 120 days)

Some concerns

Intervention 779 51.6 62.1 (10.3) 41.9 1.6 3.7

Control 387 52.0 63.7 (9.2) 38.6 1.6 3.8

Young et al36

(2009)
Open-label,

1:1:1 RCT
812 NR (45 months

for mortality)
Warfarin 1mg daily, or INR 1.5-

2.0 (median 90-119 days
between 2 warfarin regimens)

Not applicable
(incomplete ATE data)

Intervention 408 37.5 60 (53-68) 100 NR

Control 404 38.9 61 (53-68) 100 NR

Van Doormaal
et al37 (2011)

Open-label,
1:1 RCT

503 First cycle: therapeutic
nadroparina for 2 weeks, then
half-therapeutic for 4 weeks

Subsequent cycles: therapeutic
nadroparin for 2 weeks then
4-week washout (mean 12.6
� 5.3 weeks)

Some concerns

Intervention 244 19.3 65 (10) NR NR 10.5

Control 259 20.5 65 (9.8) NR NR 10.4

Agnelli et al32

(2012)
Double-blind,

1:1 RCT
3212 Semuloparin 20 mg daily

(median 3.5 months)
High

Intervention 1,608 39.4 59.8 (10.6) 19.7 2.0 3.5

Control 1,604 40.4 59.4 (10.6) 18.8 2.3

Maraveyas
et al34 (2012)

Open-label,
1:1 RCT

123 Dalteparin 200 IU/kg daily
(4 weeks), then 175 IU/kg
daily (8 additional weeks)

Some concerns

Intervention 60 40.0 62 (40-79) NR NR 3.3

Control 63 42.9 66 (43-82) NR NR

Haas et al35

(2012)
Double-blind,

1:1 RCT
353 Certoparin 3,000 IU daily

(6 months)
Not applicable

(incomplete ATE data)

Intervention 174 NR 54.6 (10.3) NR NR 6

Control 179 NR 56.6 (11.0) NR NR

Haas et al35

(2012)
Double-blind,

1:1 RCT
547 Certoparin 3,000 IU daily

(6 months)
Not applicable

(incomplete ATE data)

Intervention 273 16.8 60.8 (9.5) NR NR 6

Control 274 16.8 60.3 (10.0) NR NR

Lavau-Denes
et al39 (2013)

Open-label,
1:1:1 RCT

413 Intervention 1: LMWH at
recommended prophylactic
dosing (90 days)

Intervention 2: warfarin 1 mg
daily (90 days)

High

Intervention 1 141 42.6 61 (10.6) 100 NR 3

Intervention 2 135 39.3 59 (10.9) 100 NR

Control 137 37.2 60 (11.8) 100 NR

Macbeth et al28

(2016)
Open-label,

1:1 RCT
2,202 Dalteparin 5,000 IU daily

(planned 24 weeks; median
106 days)

Some concerns

Intervention 1,101 40.0 65 (59-71) NR NR 23.1

Control 1,101 40.4 64 (58-71) NR NR

Ek et al30 (2018) Open-label,
1:1 RCT

390 Enoxaparin 1 mg/kg daily (days
1-21 per chemotherapy cycle)

High

Intervention 186 58.0 67 (7.9) NR NR 41

Control 191 57.1 68 (8.5) NR NR

Meyer et al40

(2002)
Open-label,

1:1 RCT
Tinzaparin 100 IU/kg daily

(12 weeks)
High

Intervention 272 37.9 61.6 (9.0) NR NR 68

Control 281 32.5 61.6 (8.8) NR NR

Carrier et al29

(2019)
Double-blind,

1:1 RCT
574 Apixaban 2.5 mg twice daily

(157 days)
High

Intervention 291 58.4 61.2 (12.4) 43.2 3.1 6.1

Control 283 58.0 61.7 (11.3) 32.1 2.8 6.1

Khorana et al33

(2019)
Double-blind,

1:1 RCT
841 Rivaroxaban 10 mg daily

(4.3 months)
Low

Intervention 420 47.1 63 (23-87) NR 3.1 6

Control 421 51.1 62 (28-88) NR 0.5

aAge column is mean � or median (Q1-Q3 range). Weight <50 kg: 3,800 IU twice daily; weight 50-70 kg: 11,400 IU daily; and weight >70 kg: 15,200 IU daily.

ATE ¼ arterial thrombotic event; CVC ¼ central venous catheter; INR ¼ international normalized ratio; IU ¼ international units; LMWH ¼ low-molecular-weight heparin; NR ¼ not reported;
RCT ¼ randomized controlled trial; VTE ¼ venous thromboembolism.
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TABLE 2 Cancer Type Distribution Among Included Studies

First Author (Year)

Primary Cancer Site
Metastatic
DiseaseLung Gastric Colorectal Pancreatic Breast Ovarian Lymphoma Other/Unknown

Levine et al31 (1994)

Intervention 0 0 0 0 100 0 0 0 NR

Control 0 0 0 0 100 0 0 0 NR

Agnelli et al27 (2009)

Intervention 25.9 7.5 27.8 4.7 14.3 12.5 NR 4.8 30.2

Control 21.0 10.5 28.3 4.5 14.4 12.3 NR 4.5 27.8

Young et al36 (2009)

Intervention 25.9 22.5a 53.2 NR 7.8 NR NR 16.4 NR

Control 21.0 27.0a 49.8 NR 7.9 NR NR 15.3 NR

Van Doormaal et al37 (2011) Prostate

Intervention 33.2 0 0 25.8 0 0 0 41.0 NR

Control 33.2 0 0 27.8 0 0 0.8ǁ 37.5 NR

Agnelli et al32 (2012) Bladder

Intervention 36.8 12.7 28.9 7.8 0 11.9 0 2.0 68.2

Control 36.6 12.9 28.7 8.0 0 11.7 0 1.9 68.1

Maraveyas et al34 (2012)

Intervention 0 0 0 100 0 0 0 0 48.3

Control 0 0 0 100 0 0 0 0 58.7

Haas et al35 (2012)

Intervention 0 0 0 0 100 0 0 0 100

Control 0 0 0 0 100 0 0 0 100

Haas et al35 (2012)

Intervention 100 0 0 0 0 0 0 0 53.8

Control 100 0 0 0 0 0 0 0 52.0

Lavau-Denes et al39 (2013)

Intervention 1 9.2 17.0a 14.9 4.3 7.8 7.1 NR 12.7 46.2% across 3 arms

Intervention 2 11.3 14.2a 14.2 5.7 11.3 2.1 NR 11.3

Control 11.3 14.2a 13.5 4.3 11.3 4.3 NR 10.7

Macbeth et al28 (2016)

Intervention 100 0 0 0 0 0 0 0 60.9

Control 100 0 0 0 0 0 0 0 60.5

Ek et al30 (2018)

Intervention 100 0 0 0 0 0 0 0 61.2b

Control 100 0 0 0 0 0 0 0 59.2b

Meyer et al40 (2002)

Intervention 100 0 0 0 0 0 0 0 8.9

Control 100 0 0 0 0 0 0 0 11.1

Carrier et al29 (2019)

Intervention 10.7 8.6 1.0 12.7 NR NR 26.1 Gynecologic: 25.4
Other: 14.8

40.5c

Control 9.9 6.7 2.8 14.5 NR NR 24.4 Gynecologic: 26.1
Other: 15.6

35.1c

Khorana et al33 (2019)

Intervention 14.8 21.2 NR 32.4 2.1 5.7 7.9 16.0 54.8

Control 17.1 20.7 NR 32.8 2.1 7.1 6.2 14.0 54.2

Values are %. aUpper gastrointestinal cancer. bExtensive disease based on small cell lung cancer staging. cSubgroup analysis of trial participants with data on metastatic disease status.

NR ¼ not reported.
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ATE and major bleeding used by included studies are
outlined in Table 3, and component RoB2 domains
are included in Supplemental Figure 1.

ARTERIAL THROMBOTIC EVENTS. Eleven studies,
including a total of 10,248 patients, reported ATEs.
The pooled risk of ATE was 0.98% (95% CI: 0.57%-
1.49%) in the anticoagulation group and 1.48% (95%
CI: 0.93%-2.17%) in the control group. Anticoagulant
use was not associated with risk reduction in ATE
(RR: 0.73; 95% CI: 0.50-1.04; P ¼ 0.084; Figure 2A)
when compared with the administration of placebo or
standard treatment. Statistical heterogeneity of effect
estimate was low among the included studies
(I2 ¼ 0%; P ¼ 0.74).

https://doi.org/10.1016/j.jaccao.2023.04.003


TABLE 3 Definitions Used for Arterial Thromboembolism and Major Bleeding

Study
First Author, Year Arterial Thromboembolism Major Bleeding Central Adjudication

Levine et al,31 1994 Myocardial infarction, ischemic stroke, or
peripheral-artery thrombosis

Hemoglobin decrease of $20 g/L, a need for
transfusion of $2 U of whole blood or red cells,
or retroperitoneal or intracranial bleeds

ATE and major bleeding

PROTECHT
Agnelli et al,27 2009

Acute myocardial infarction, ischemic stroke, and
acute peripheral arterial thromboembolism
occurring during the study treatment plus
10 days

ISTH definition ATE and major bleeding

WARP
Young et al,36 2009

Non–catheter-related thrombotic events in the
arterial system

Intracranial, retroperitoneal, requiring transfusion
or hospital admission, or directly

leading to death (British Committee for Standards in
Haematology 1998 recommendation)

Not reported

INPACT
Van Doormaal et al,37 2011

Myocardial infarction, ischemic stroke, and systemic
embolism according to conventional criteria

Fatal, hemoglobin decrease of $20 g/L; a need for
transfusion of $2 U of whole blood or red cells;
retroperitoneal, pericardial, intracranial
bleeding; bleeding located in a critical organ

ATE and major bleeding

SAVE-ONCO
Agnelli et al,32 2012

Adverse event ISTH definition Major bleeding only

FRAGEM
Maraveyas et al,34 2012

All arterial events (eg, cerebrovascular accident/
myocardial infarction) based on clinical
symptomatology, postmortem or incidentally

ISTH definition Major bleeding only

TOPIC-1
Haas et al,35 2012

Composite outcome with VTE Fatal, retroperitoneal, intracranial, transfusion
of $2 U of packed red cells or drop in
hemoglobin of $20 g/dL

ATE and major bleeding

TOPIC-2
Haas et al,35 2012

Composite outcome with VTE Fatal, retroperitoneal, intracranial, transfusion
of $2 U of packed red cells or drop in
hemoglobin of $20 g/dL

ATE and major bleeding

Lavau-Denes et al,39 2013 Adverse event Not defined Not reported

FRAGMATIC
Macbeth et al,28 2016

Efficacy endpoint; not defined ISTH definition Not reported

RASTEN
Ek et al,30 2018

Adverse event Hemoglobin decrease of $20 g/L, transfusion of
$2 U of blood, any intracranial hemorrhage

Not reported

TILT
Meyer et al,40 2018

Adverse event Fatal, necessitating blood transfusion, hospital
admission, or interventional treatment;
intracranial or intraocular bleeding; hemoglobin
decrease of $20 g/L

ATEs (fatal events only) and
major bleeding adjudicated

AVERT
Carrier et al,29 2019

Adverse event ISTH definition Major bleeding only

CASSINI
Khorana et al,33 2019

Confirmed myocardial infarction, ischemic stroke,
and systemic arterial embolism

ISTH definition ATE and major bleeding

ATE ¼ arterial thrombotic event; ISTH ¼ International Society on Thrombosis and Haemostasis.
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ALL-CAUSE MORTALITY. All-cause mortality was re-
ported by 13 trials including 11,159 patients. Approx-
imately 38% (n ¼ 2,244) of patients receiving
anticoagulant therapy and 42.7% (n ¼ 2,277) of pa-
tients not receiving anticoagulant therapy died before
the end of the study (RR: 0.99; 95% CI: 0.95-1.02; P ¼
0.38; I2 ¼0%) (Figure 2B).

MAJOR AND NONMAJOR BLEEDING. Thirteen trials
assessed major bleeding complications for a total of
11,060 patients in the safety population. Anticoagu-
lant use was associated with a 1.6-fold increased risk
of major bleeding (RR: 1.56; 95% CI: 1.12-2.17; P ¼
0.009; I2 ¼0%) (Figure 3A) when compared with the
administration of placebo or standard treatment.
Minor bleeding was found to be 2.3-fold more likely in
patients receiving anticoagulant therapy than in pa-
tients receiving placebo or standard treatment among
the 13 trials (n ¼ 11,060) reporting this outcome
(RR: 2.25; 95% CI: 1.45-3.48; P < 0.001,
I2 ¼ 68%) (Figure 3B).

SUBGROUP AND SENSITIVITY ANALYSES. We did
not detect heterogeneity in effect estimates among
studies using prophylactic (RR: 0.78; 95% CI: 0.52-
1.18) compared with intermediate or therapeutic
anticoagulant doses (RR: 0.63; 95% CI: 0.28-1.43; P ¼
0.65 for interaction) (Supplemental Figure 2).

Subgroup analysis based on the primary site of
cancer was limited to 3 studies involving 3,128 pa-
tients with lung cancer (RR: 0.97, 95% CI 0.60-1.59), 1
study of 122 patients with pancreatic cancer (RR: 0.21;
95% CI: 0.41-4.22), and 1 study of 311 patients with
breast cancer (RR: 1.09; 95% CI: 0.06-18.89), demon-
strating no heterogeneity in the impact of anti-
coagulation on ATE by the primary site of malignancy
(P ¼ 0.61 for interaction). Effect estimates were
consistent across ATE subtypes (P ¼ 0.37 for

https://doi.org/10.1016/j.jaccao.2023.04.003


FIGURE 2 Measures of Efficacy

Forest plots illustrating results of meta-analysis evaluating comparative effects between anticoagulation and no anticoagulation among

ambulatory cancer patients starting systemic therapy (A) on arterial thrombotic events and (B) mortality.
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interaction) (Supplemental Figure 3) and durations of
anticoagulant treatment (P ¼ 0.65 for interaction)
(Supplemental Figure 4).

Sensitivity analysis using risk difference for the
primary outcome to account for 0 cells showed
consistent estimate of the effect size, indicating no
difference in ATE between anticoagulation and control
arms (risk difference �0.27%; 95% CI: �0.63% to
0.09%; P ¼ 0.14) (Supplemental Figure 5). Similarly,
the Peto 1-step odds ratio for rare events using a fixed-
effects model showed consisted findings (OR: 0.70;
95% CI: 0.48-1.00; P¼ 0.050) (Supplemental Figure 6).

Finally, the effect size estimates were consistent
when we restricted the meta-analysis of the primary
outcome to 5 studies at low or moderate risk of bias
(Supplemental Figure 7) as well as studies
with $30% drug discontinuation (n ¼ 9) compared
with studies with <30% discontinuation (n ¼ 2)
(Supplemental Figure 8). We did not observe evi-
dence of publication bias for the primary outcome
based on the funnel plot (Supplemental Figure 9)
supported by the Egger’s test for publication bias
(P ¼ 0.41). Results were also consistent when we
excluded 2 trials that sequentially contributed more
than 30% weighting to the overall random-effects
model (RR: 0.60; 95% CI: 0.34-1.07; P ¼ 0.085)
(Supplemental Figure 10) and across types of anti-
coagulants (RR: 0.73 [95% CI: 0.49-1.07] vs 0.70
[95% CI: 0.22-2.20]; P ¼ 0.96 for interaction)
(Supplemental Figure 11).

https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003
https://doi.org/10.1016/j.jaccao.2023.04.003


FIGURE 3 Measures of Safety

Forest plots illustrating results of meta-analysis evaluating comparative effects between anticoagulation and no anticoagulation among

ambulatory cancer patients starting systemic therapy on (A) major bleeding and (B) minor bleeding.
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DISCUSSION

In our systematic review and meta-analysis of 14
randomized controlled trials with over 10,000 par-
ticipants, we did not detect a difference in ATE with
the use of anticoagulation among ambulatory cancer
patients undergoing anticancer therapy (Central
Illustration). On the other hand, the risks of major
and nonmajor bleeding were increased with antico-
agulant use. All-cause mortality was similar between
the anticoagulation and control groups.

The effectiveness of oral or parenteral anticoagu-
lants to prevent ATE in cancer remains a contentious
topic of debate. Although international guidelines
recommend the use of low-dose anticoagulants
among outpatients receiving systemic anticancer
therapy at high risk of VTE,41,42 there is paucity of
systematic data synthesis on the prevention of
cancer-associated arterial thrombotic events. Impor-
tantly, although the risks of ATE in malignancy are
elevated compared with noncancer populations,7,43

their absolute incidence appears to be 5-fold lower
than those of VTE among patients with cancer.44

Therefore, understanding the impact of anticoagu-
lants on ATE among ambulatory cancer patients is
crucial to optimize primary prevention strategies for
cancer-associated thrombosis.

We found a 1.48% overall risk of ATE among pa-
tients starting systemic anticancer therapy who were
assigned to no anticoagulation. This is consistent with



CENTRAL ILLUSTRATION Anticoagulation and Risk of Arterial Thrombosis and Bleeding in
Ambulatory Cancer Patients

Xu Y, et al. J Am Coll Cardiol CardioOnc. 2023;5(4):520–532.

The figure describes the overall results of the study by illustrating the comparative effects of anticoagulation and no anticoagulation among

ambulatory cancer patients starting systemic therapy on arterial thrombotic events and major bleeding.
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recent meta-analyses that reported rates of ATE in this
population; a systematic review and meta-analysis by
Proverbs-Singh et al9 reported a 0.67% incidence of
ATE among cisplatin-treated patients, whereas a 2011
meta-analysis of randomized controlled trials in me-
sothelioma, renal cell, colorectal, breast, pancreatic,
and lung cancers reported an incident ATE rate of 1.3%
with combination chemotherapy alone, which
increased to 2.6% with the addition of bevacizumab,
an antivascular endothelial growth factor.10

Despite the increased risk of ATE in the ambulatory
cancer population, our systematic review and meta-
analysis did not demonstrate ATE risk reduction
with anticoagulant use. There are several potential
reasons for this null finding; first, anticoagulants
alone have not been shown to be superior to anti-
platelet agents for ATE prevention outside of atrial
tachyarrhythmia, mechanical heart valves, and anti-
phospholipid antibody syndrome.45-50 For example, a
clinical trial involving 7,213 patients did not demon-
strate a reduction in stroke recurrence among patients
randomized to rivaroxaban 15 mg daily compared with
aspirin after an embolic stroke of an undetermined
source (5.1% vs 4.8%; HR: 1.07; P ¼ 0.52),48 with
similar findings in the subgroup analysis of cancer
patients.47 Another clinical trial of over 27,000 pa-
tients with stable cardiovascular disease showed a
reduction in cardiovascular death, stroke, or myocar-
dial infarction with a combination of rivaroxaban
2.5 mg twice daily and aspirin compared with aspirin
alone.49 However, there was no significant difference
in this outcome among patients randomized to rivar-
oxaban 5 mg twice daily alone compared with aspirin.
Second, dosing studied in primary ATE prevention
may be insufficient. Although most studies used low-
dose anticoagulants known to be effective in VTE
prevention, anticoagulant dosing in ATE prevention
in atrial tachyarrhythmias and mechanical heart
valves correspond to VTE treatment dosing.45,51

Third, therapy discontinuation rates were more than
30% in many included studies, which may have
attenuated the true effect of anticoagulants on ATE
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prevention. Nonetheless, this is reflective of chal-
lenges associated with primary prevention of cancer-
associated thrombosis in ambulatory patients. Incor-
porating patient values and preferences into decision
making can increase confidence in and adherence to
treatments;52 this is a crucial step in future evalua-
tions of antithrombotic therapy in ATE prevention.
Finally, risk factors for ATE among patients with
cancer undergoing chemotherapy may be different
compared with those for VTE. Therefore, new pre-
dictive tools for cancer-associated ATE are needed to
identify high-risk ambulatory cancer populations who
are most likely to benefit from anticoagulation for the
prevention of ATE.

In our study, we did not observe a difference in all-
cause mortality with the use of anticoagulation. The
association between anticoagulation and overall sur-
vival in patients with cancer had been observed
previously,53 although more recent study-level meta-
analyses and an individual patient meta-analysis did
not corroborate this finding.54-56 This finding from
our meta-analysis is further supported by a recently
published randomized controlled trial enrolling 614
adults with colorectal cancer comparing extended
(8 weeks) to inpatient-only tinzaparin administration
after surgical resection, which was halted for futility
with no difference in 3-year disease-free survival or
5-year overall survival.57

STUDY LIMITATIONS. To our knowledge, this is the
first systematic review and meta-analysis to eval-
uate the impact of anticoagulants on ATE preven-
tion among ambulatory cancer patients receiving
systemic anticancer therapy. By restricting our
search and synthesis to randomized controlled tri-
als, we aimed to reduce the risk of confounding.58

However, our study is subject to several limita-
tions. First, 3 studies meeting our inclusion criteria
could not be included in our meta-analysis of the
primary outcome35,36 because they did not specify
the arm in which the ATE had occurred or reported
a composite endpoint consisting of ATE and VTE.
However, these studies reported low numbers of
events overall and are therefore unlikely to have
biased our conclusion. Second, several studies
involved passive capture of ATE (often as adverse
events) rather than an active surveillance for this
outcome at each study visit. This is relevant
because prior studies show discordant rates of
thrombotic complications between those actively
captured as an efficacy outcome compared with an
adverse event.59 However, this was accounted for in
the risk of bias tool, and a sensitivity analysis
removing studies with a high risk of bias demon-
strated comparable results. Third, rates of concom-
itant cardiovascular disease or frequency of
antiplatelet use at enrollment were not reported in
the majority of the included studies. Nonetheless,
these baseline characteristics would likely have
been equally distributed between anticoagulation
and control groups through randomization, and
studies that reported these measures did not
demonstrate a skewed distribution of risks. Finally,
although the 95% CI for ATE reduction crosses null,
its lower bound includes the possibility of a 0.69%
absolute risk reduction in ATE with anticoagulant
use. However, whether a reduction at this threshold
meets the minimal clinically important difference is
unclear; in atrial fibrillation, an absolute risk
reduction of 1.8 ischemic strokes per 100 person-
years was deemed by patients as an appropriate
threshold to accept anticoagulation and its associ-
ated bleeding risks,60 whereas a similar risk differ-
ence of 2% for ATEs was established for sample size
calculation among patients undergoing periproce-
dural warfarin interruptions in the setting of atrial
fibrillation or mechanical heart valves.61

CONCLUSIONS

In summary, our systematic review and meta-analysis
of randomized trials involving over 10,000 partici-
pants did not detect a statistically significant reduc-
tion in ATE with anticoagulant use among ambulatory
cancer patients starting systemic anticancer therapy,
whereas major and nonmajor bleeding were increased
with anticoagulant use. Our data do not support the
routine use of anticoagulation for ATE prevention in
ambulatory cancer patients.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In pa-

tients with cancer receiving chemotherapy, the use of

anticoagulants did not prevent arterial thrombotic

events. Although anticoagulants are effective to prevent

venous thromboembolism among patients with cancer

starting chemotherapy, these data do not support their

use for the prevention of arterial events such as

myocardial infarction, stroke, or peripheral arterial

disease.

TRANSLATIONAL OUTLOOK: Future studies on

optimal risk stratification of arterial thrombotic events

among patients with cancer are needed in order to focus

interventional studies on patients at highest risk of

developing arterial vascular complications.
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