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Background: The long-term risk for major bleeding in
patients receiving extended (beyond the initial 3 to 6
months) anticoagulant therapy for a first unprovoked venous
thromboembolism (VTE) is uncertain.

Purpose: To determine the incidence of major bleeding
during extended anticoagulation of up to 5 years among
patients with a first unprovoked VTE, overall, and in clinically
important subgroups.

Data Sources: MEDLINE, Embase, and the Cochrane
Central Register of Controlled Trials from inception to 23
July 2021.

Study Selection: Randomized controlled trials (RCTs) and
prospective cohort studies reporting major bleeding among
patients with a first unprovoked VTE who were to receive
oral anticoagulation for a minimum of 6 additional months
after completing at least 3 months of initial anticoagulant
treatment.

Data Extraction: Two reviewers independently abstracted
data and assessed study quality. Unpublished data required
for analyses were obtained from authors of included studies.

Data Synthesis: Among the 14 RCTs and 13 cohort studies
included in the analysis, 9982 patients received a vitamin K
antagonist (VKA) and 7220 received a direct oral anticoagu-
lant (DOAC). The incidence of major bleeding per 100 per-
son-years was 1.74 events (95% Cl, 1.34 to 2.20 events) with
VKAs and 1.12 events (Cl, 0.72 to 1.62 events) with DOACs.

The 5-year cumulative incidence of major bleeding with
VKAs was 6.3% (Cl, 3.6% to 10.0%). Among patients receiv-
ing either a VKA or a DOAC, the incidence of major bleed-
ing was statistically significantly higher among those who
were older than 65 years or had creatinine clearance less
than 50 mL/min, a history of bleeding, concomitant use of
antiplatelet therapy, or a hemoglobin level less than 100 g/L.
The case-fatality rate of major bleeding was 8.3% (Cl, 5.1%
to 12.2%) with VKAs and 9.7% (Cl, 3.2% to 19.2%) with
DOACs.

Limitation: Data were insufficient to estimate incidence of
major bleeding beyond 1 year of extended anticoagulation
with DOACs.

Conclusion: In patients with a first unprovoked VTE, the
long-term risks and consequences of anticoagulant-related
major bleeding are considerable. This information will help
inform patient prognosis and guide decision making about
treatment duration for unprovoked VTE.
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Venous thromboembolism (VTE) is a major contribu-
tor to the global burden of disease: The annual inci-
dence of acute VTE is 1 to 2 cases per 1000 persons
(1, 2). Most VTE episodes are classified as unprovoked or
associated with minor transient risk factors (that is,
weakly provoked; see Supplement Table 1 [available at
Annals.org] for examples) (1, 3). Venous thromboembo-
lism should be treated with anticoagulant therapy for at
least 3 to 6 months (4-6); during this period, the risk for a
potentially fatal recurrent VTE if treatment is discontin-
ued clearly exceeds the risk for a potentially fatal major
bleeding event associated with anticoagulation (7, 8).
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Deciding whether to continue anticoagulant therapy
beyond the initial 3 to 6 months (termed extended anti-
coagulation) requires estimating the net balance between
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absolute treatment benefits and harms through careful
consideration of the long-term risks and case-fatality
rates of both recurrent VTE if anticoagulation is discontin-
ued and major bleeding if anticoagulation is continued.
This framework for decision making about treatment du-
ration is most relevant to patients with a first unprovoked
or weakly provoked VTE, for whom indefinite anticoagu-
lation is often suggested (3, 9), but the net clinical benefit
of extended anticoagulation is uncertain.

In a recent meta-analysis, we determined that the over-
all risk for recurrent VTE after discontinuation of anticoagu-
lant therapy for a first unprovoked or weakly provoked VTE
is 10% at 1 year and 36% at 10 years, with 4% of recurrent
VTE events resulting in death (10). Although the clinical
benefits of extended anticoagulation are clear—-more than
80% reduction in risk for recurrent VTE as long as treatment
is continued (11, 12)—estimates for counterbalancing abso-
lute long-term risk for major bleeding during extended
anticoagulation for a first unprovoked or weakly provoked
VTE are not well established. This evidence gap makes it
difficult to estimate the net balance between benefits and
harms of extended anticoagulation, thereby hampering de-
cision making about long-term management of this com-
mon patient population.

A previous systematic review and meta-analysis of
randomized controlled trials (RCTs) and prospective
cohort studies reported a major bleeding incidence of
2.74 events (95% Cl, 2.71 to 2.77 events) per 100 per-
son-years during extended anticoagulation with vitamin
K antagonists (VKAs) in patients with VTE (8). This esti-
mate was based on 9 studies that included 2422 patients
who received extended anticoagulation with VKAs beyond
the initial 3 months of treatment (8). However, the duration
of extended anticoagulation in most of the 9 studies was
limited to 3 additional months (that is, total treatment dura-
tion of 6 months), leaving an important knowledge gap
about long-term bleeding risk (8). Also, that meta-analysis
(8) did not focus on patients with unprovoked VTE, did not
provide bleeding risk estimates in clinically important sub-
groups or assess risk for major bleeding over time, and
included only studies published up to May 2001. Since
then, several prospective studies, some with an extended
treatment duration of up to 5 years, and studies of direct
oral anticoagulants (DOACs) have been published. Therefore,
updated information about the potential harms of extended
anticoagulant therapy is needed.

We formed the MAJESTIC (MAJor blEeding riSk dur-
ing exTended antlCoagulation) collaboration to undertake
a systematic review and meta-analysis, with the objective of
determining the risk for major bleeding during extended
anticoagulation of up to 5 years among patients with a first
unprovoked VTE and in clinically important subgroups.

METHODS

This systematic review and meta-analysis was done
in accordance with our study protocol, which was regis-
tered in PROSPERO (CRD42019128597) and has been
published (13). Our study is reported in accordance with
the PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) statement (14).
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Search Strategy and Study Selection

In collaboration with an academic information special-
ist, we searched MEDLINE, Embase, and the Cochrane
Central Register of Controlled Trials from the date of incep-
tion to 23 July 2021 (search strategy for Embase is pre-
sented in Supplement Table 2, available at Annals.org). No
language restrictions were applied, and content experts
were consulted to identify other potentially eligible studies.
Two reviewers (F.K. and T.T. or M.K) independently screened
titles, abstracts, and full-text articles. Disagreements were
resolved by discussion or by consultation with a third reviewer
(MAAR. or G.LG.).

Eligibility Criteria

Studies were eligible for inclusion if they met the fol-
lowing criteria: 1) were an RCT or a prospective cohort
study; 2) included patients with a first symptomatic VTE
that had been objectively confirmed and was catego-
rized as either unprovoked or provoked by minor tran-
sient risk factors according to the definition from the
International Society on Thrombosis and Haemostasis
(ISTH) (Supplement Table 1); 3) had a treatment group
that received an approved oral anticoagulant regimen
(that is, apixaban, dabigatran, edoxaban, rivaroxaban, or
VKA [international normalized ratio, 2.0 to 3.0]) for a min-
imum of 6 additional months beyond completion of at
least 3 months of initial anticoagulation; and 4) reported
major bleeding during extended anticoagulation. The
publication with the longest follow-up was included
when several articles reported on duplicate patient
populations.

Outcomes

The primary outcome was a first major bleeding
event, as defined by the ISTH criteria or by the individual
studies. The ISTH criteria define major bleeding as overt
bleeding that is associated with a decrease in hemoglo-
bin concentration of at least 20 g/L, requires transfusion
of at least 2 units of red blood cells or whole blood,
occurs in a critical site (intracranial, intraspinal, intraocu-
lar, pericardial, intraarticular, intramuscular with compart-
ment syndrome, or retroperitoneal), or is fatal or contributes
to death. Secondary outcomes were intracranial bleeding
and fatal bleeding.

Data Extraction

Two reviewers (F.K. and T.T.) independently extracted
the following data from each eligible study, with clarifica-
tions requested from the study's authors when necessary:
study design, duration of initial anticoagulant treatment,
maximum duration of follow-up and regimen during extended
anticoagulation, definition of unprovoked VTE, and definition
of major bleeding.

We contacted the principal investigators of each
potentially relevant study to request aggregate data on
number of bleeding events (major, intracranial, and fatal)
and number of person-years (to ensure appropriate cen-
soring of deaths, patients lost to follow-up, and patients
withdrawn from the study) during extended anticoagula-
tion, stratified by type of anticoagulant (VKA or DOAC,
when applicable), among patients with a first unprovoked
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VTE (and within-study subgroups outlined in Subgroup
and Sensitivity Analyses). Our requests to principal investi-
gators also ensured that these aggregate data excluded
major bleeding events that did not occur while patients
were receiving extended anticoagulation and excluded
patients who did not satisfy our eligibility criteria (for exam-
ple, those who had cancer, had a history of VTE, or had
not completed at least 3 months of initial anticoagulant
treatment).

Risk-of-Bias Assessment

Because our objective was to determine the incidence
of major bleeding during follow-up of patients receiving
extended anticoagulation, we assessed each study, includ-
ing each group of an RCT, as an independent observatio-
nal cohort. As such, we used a modified version of the
Newcastle-Ottawa Scale (15) based on 3 selection and 3
outcome criteria, including whether a representative sam-
ple of eligible patients was included, the outcome of inter-
est was not present at the start of patient follow-up, the
outcome of interest was independently and blindly adjudi-
cated, and follow-up was sufficiently long and complete.
Criteria assessing comparability were considered irrelevant
in the context of this systematic review and meta-analysis.
Two reviewers (F.K. and T.T.) independently assessed risk
of bias among the included studies for the primary out-
come of major bleeding, and clarifications were requested
from the study authors when necessary. Following quality
assessment standards of previous meta-analyses (10, 16),
we considered studies that scored at least 4 points on the
modified Newcastle-Ottawa Scale to have low risk of bias.

Data Synthesis and Analysis
Primary Analysis

Using the numbers of events and person-years
of follow-up acquired from the principal investigators of
included studies, we calculated the incidence rate
(expressed as events per 100 person-years) of a first
major bleeding event in each study cohort. Unless heter-
ogeneity was high, a random-effects model with the
DerSimonian-Laird method was used to obtain pooled
estimates of the incidence across all studies, and individ-
ual study cohorts were weighted according to their
inverse variance (17). We also calculated the incidence
rate ratio (IRR) to statistically compare major bleeding
rates between subgroups. A treatment group continuity
correction was used if 1 or both subgroups of a study
cohort had 0 events.

To assess bleeding risk over time, we categorized
the incidence of major bleeding into the following 3
intervals of follow-up during extended anticoagulation:
year 1, year 2, and years 3 to 5. Using our calculated inci-
dence (based on exact person-time at risk during each of
the studied intervals, obtained from authors of included
studies), we estimated the 2- and 5-year cumulative inci-
dence of major bleeding as follows: We first estimated
the cumulative proportion of patients who did not have
major bleeding as the product of the proportion of
patients who did not have major bleeding during each of
the studied intervals; we then estimated the cumulative
proportion of patients who had major bleeding as the
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complement of the cumulative proportion of patients
who did not have major bleeding (10). For example, the
5-year cumulative incidence of major bleeding was esti-
mated as follows: If the incidence of major bleeding per
100 person-years was 2.0 events in the first year, 1.5
events in the second year, and 1.0 events in years 3 to 5,
then the proportion of patients who did not have major
bleeding in years 1 to 5 was estimated as (98.0%year 1) %
(98.5%ear 2) X ([99.0%]3yea,53,5)= 93.7%. The proportion
of patients who had major bleeding in years 1 to 5 was
then estimated as 100% — 93.7% = 6.3%.

To estimate the lower and upper limits of the 95% ClI
for the cumulative incidence, we used the lower and
upper limits of the incidence rates in the calculation
described in the previous paragraph.

Finally, we calculated the case-fatality rate of major
bleeding as the total (that is, during the entire follow-up
period) number of fatal bleeding events divided by the
total number of major bleeding events.

Heterogeneity between studies was assessed using
the I statistic; values of 75% or higher were interpreted
as evidence of substantial heterogeneity (18). All meta-
analyses were done using StatsDirect, version 3.3.5
(StatsDirect) (19).

Subgroup and Sensitivity Analyses

To establish the long-term risk for major bleeding in
clinically important subgroups, we did prespecified,
within-study subgroup analyses based on the following
patient characteristics: sex, age (>65 vs. <65 years), site
of initial VTE (isolated proximal deep venous thrombosis
[DVT] vs. isolated pulmonary embolism [PE] vs. concomitant
DVT and PE), creatinine clearance (<50 vs. =50 mL/min), his-
tory of bleeding, concomitant use of antiplatelet therapy,
and hemoglobin concentration (<100 vs. =100 g/L). We
also did subgroup analyses according to study design
(RCT vs. prospective cohort). Last, we did sensitivity analyses
restricted to studies in which the duration of initial anticoagu-
lant treatment was exclusively 3 months and those restricted
to studies that used the ISTH definition of major bleeding.

Role of the Funding Source

The funding sources had no role in the study design,
analysis, interpretation of data, writing of the manuscript,
or decision to submit the manuscript for publication.

REsuLTs

The systematic literature search identified 5219 records.
After full-text review, 28 studies (supplemented with 9 addi-
tional studies identified from other sources) were considered
potentially relevant for inclusion in the meta-analysis (Figure
1). After contacting the principal investigators of all 37 poten-
tially relevant studies for further clarification of data, we
deemed 9 studies (20-28) ineligible because they had the
wrong patient population (Supplement Table 3, available at
Annals.org). Among the remaining 28 studies deemed eligi-
ble for inclusion, data required for our analysis were obtained
from 27 studies (11, 29-53); 1 study (54) was excluded
because information required for our analysis was unavailable
(Figure 1 and Supplement Table 3).
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Figure 1. Evidence search and selection.
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Characteristics of Included Studies and Patients
Among the 27 studies (11, 29-53) included in the
analysis, 14 were RCTs and 13 were prospective cohort
studies (Supplement Table 4, available at Annals.org). A
total of 17 202 patients with a first unprovoked or weakly
provoked VTE who had completed at least 3 months of
initial anticoagulant treatment were included in the
analysis (Supplement Table 5, available at Annals.org).
Seventeen studies used the ISTH definition of major
bleeding (Supplement Table 4). The overall risk of
bias among the included studies was considered to be
low (Supplement Table 4); the component Newcastle-
Ottawa Scale scores for all studies are presented in
Supplement Table 6 (available at Annals.org).

Incidence of Major Bleeding

The incidence of major bleeding per 100 person-
years was 1.74 events (Cl, 1.34 to 2.20 events) among
9982 patients receiving extended anticoagulation with a
VKA and 1.12 events (Cl, 0.72 to 1.62 events) among
7220 patients receiving a DOAC (IRR, 1.66 [CI, 1.18 to
2.39]) (Table 1; Supplement Tables 7 and 8, available at
Annals.org). The incidence rate of major bleeding with
VKAs overlapped in each of the studied intervals of
follow-up. The 5-year cumulative incidence of major bleed-
ing with VKAs was 6.3% (Cl, 3.6% to 10.0%) (Table 1). Data
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were insufficient to estimate incidence of major bleeding
beyond 1 year of extended anticoagulation with DOACs.

Subgroup Analyses

In patients receiving a VKA, the incidence of major
bleeding was statistically significantly higher among
women than men (IRR, 1.55[Cl, 1.17 to 2.06]) (Figure 2),
whereas in those receiving a DOAC, we found no statisti-
cally significant difference according to sex (IRR, 1.00 [C],
0.51 to 1.95]). The 5-year cumulative incidence of major
bleeding with VKAs was 8.5% (Cl, 4.0% to 15.0%) in
women and 6.5% (Cl, 4.2% to 9.2%) in men (Appendix
Table 1, available at Annals.org).

The incidence of major bleeding was statistically sig-
nificantly higher among those older than 65 years than
those aged 65 years or younger (IRR, 1.84 [Cl, 1.32 to
2.57] with VKAs and 2.92 [Cl, 1.50 to 5.70] with DOACs)
(Figure 2). The 5-year cumulative incidence of major
bleeding with VKAs was 8.3% (Cl, 4.0% to 14.3%) among
patients older than 65 years and 4.4% (Cl, 2.5% to 6.7%)
in those aged 65 years or younger (Appendix Table 2,
available at Annals.org).

We found no statistically significant difference in the
incidence of major bleeding between patients with initial
isolated proximal DVT and those with isolated PE (IRR,
0.77 [Cl, 0.54 to 1.09] for VKAs and 1.65 [Cl, 0.49 to 8.66]
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Table 1. Incidence of Major Bleeding*

Interval of Study Cohorts, n Events, n Person-Years, n Incidence Rate per 100 Person-Years (95% Cl)
;:I::‘v;-up Major Intracranial Fatal Major Intracranial Fatal Bleeding
Extended Bleeding Bleeding Bleeding Bleeding Bleeding
Anticoagulation
Overall

VKA 24 207 37 15 12 251 1.74(1.34-2.20) 0.39(0.25-0.57) 0.16(0.10-0.24)

DOAC 11 40 9 3934 1.12(0.72-1.62)  0.29(0.14-0.50) 0.10(0.03-0.23)
Year 1

VKA 24 128 26 9 6989 2.00(1.56-2.50)  0.53(0.35-0.74) 0.18(0.10-0.30)

DOAC 11 40 9 2 3768 1.20(0.74-1.77) ~ 0.31(0.15-0.53) 0.11(0.03-0.24)
Year 21

VKA 18 48 7 2 2707 1.65(0.99-2.48) 0.42(0.20-0.72) 0.21(0.07-0.41)
Years 3-51

VKA 5 31 4 4 2555 0.95(0.35-1.83)  0.22(0.08-0.44) 0.20(0.07-0.42)

Cumulative Incidence (95% Cl), %
Major Bleeding Intracranial Bleeding Fatal Bleeding

After 2 yt

VKA 3.6 (2.5-4.9) 0.9 (0.5-1.5) 0.4 (0.2-0.7)
After 5yt

VKA 6.3(3.6-10.0) 1.6 (0.8-2.7) 1.0(0.4-1.9)

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.

* |2 range, 31%-54% for major bleeding and 0%-1% for intracranial and fatal bleeding.
T For DOACs in these follow-up intervals, data were insufficient to estimate incidence.

for DOACs); between patients with initial isolated proxi-
mal DVT and those with concomitant PE and DVT (IRR,
0.98 [Cl, 0.67 to 1.42] with VKAs and 0.80 [CI, 0.34 to
2.10] with DOACs); or between patients with isolated
PE and those with concomitant PE and DVT (IRR, 1.27
[Cl, 0.88 to 1.85] with VKAs and 0.49 [CI, 0.83 to 2.02]
with DOACs) (Appendix Table 3, available at Annals.
org). The 5-year cumulative incidence of major bleeding
with VKAs was 6.8% (Cl, 2.5% to 14.0%) for patients with
isolated proximal DVT, 7.6% (Cl, 3.3% to 13.3%) for
patients with isolated PE, and 7.9% (Cl, 4.1% to 12.7%)
for patients with concomitant PE and DVT (Appendix
Table 3).

The incidence of major bleeding was statistically sig-
nificantly higher among those with creatinine clearance
less than 50 mL/min than those with creatinine clearance
of 50 mL/min or higher (IRR, 2.83 [CI, 1.90 to 4.22] with
VKAs and 3.71 [Cl, 1.51 to 9.13] with DOACs) (Figure 2).
The 5-year cumulative incidence of major bleeding with
VKAs was 21.9% (Cl, 7.8% to 40.2%) among patients with
creatinine clearance less than 50 mL/min and 6.0% (Cl,
4.0% to 8.5%) in those with creatinine clearance of 50
mL/min or higher (Appendix Table 4, available at Annals.
org).

The incidence of major bleeding was statistically sig-
nificantly higher among those with a history of bleeding
than those without (IRR, 3.47 [Cl, 1.86 to 6.50] with VKAs
and 18.81 [Cl, 9.54 to 37.07] with DOACs) (Figure 2).
The 5-year cumulative incidence of major bleeding with
VKAs was 20.9% (Cl, 3.9% to 46.4%) among patients with
a history of bleeding and 12.7% (Cl, 2.5% to 33.4%) in
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those without (Appendix Table 5, available at Annals.
org).

The incidence of major bleeding was statistically sig-
nificantly higher among those with concomitant use of
antiplatelet therapy than those without (IRR, 2.89 [CI,
1.93 to 4.34] with VKAs and 17.18 [Cl, 6.68 to 44.18] with
DOACs) (Figure 2). The 5-year cumulative incidence of
major bleeding with VKAs was 15.6% (Cl, 5.8% to 29.6%)
among patients with concomitant use of antiplatelet
therapy and 6.6% (Cl, 3.9% to 9.9%) in those without
(Appendix Table 6, available at Annals.org).

The incidence of major bleeding was statistically sig-
nificantly higher among those with hemoglobin levels
less than 100 g/L than those with hemoglobin levels of
100 g/L or higher (IRR, 6.51 [Cl, 3.23 to 13.13] with VKAs
and 17.41 [Cl, 7.67 to 39.55] with DOACs) (Figure 2).
The 5-year cumulative incidence of major bleeding with
VKAs was 15.6% (3.8% to 57.2%) among patients with
hemoglobin levels less than 100 g/L and 7.2% (4.5% to
10.6%) in those with hemoglobin levels of 100 g/L or
higher (Appendix Table 7, available at Annals.org).

We found no statistically significant difference in the inci-
dence of major bleeding between study cohorts derived
from RCTs and those derived from prospective cohort stud-
ies (IRR, 1.10 [Cl, 0.80 to 1.51] with VKAs and 0.59 [CI, 0.30
to 1.15] with DOACs) (Appendix Table 8, available at
Annals.org). No RCTs had follow-up beyond 2 years of
extended anticoagulation with VKAs (Appendix Table 8).
The 5-year cumulative incidence of major bleeding with
VKAs among cohorts derived from prospective cohort stud-
ies was 6.4% (Cl, 3.2% to 10.6%) (Appendix Table 8).
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Figure 2. Incidence of major bleeding, according to presence and absence of risk factors for major bleeding.

Risk Factor Study Major Bleeding Incidence Rate IRR
Cohorts, Events/Person-Years, n/N per 100 Person-Years (95% ClI)
n (95% CI)
Risk Factor Risk Factor  Risk Factor Risk Factor
Present Absent Present Absent
Female sex
VKA 23 94/4476 109/7685 2.02 (1.38-2.78) 1.55 (1.20-1.94) 1.55 (1.17-2.06) —
DOAC 11 15/1483  26/2450 1.22(0.67-1.93) 1.16 (0.70-1.72) 1.00 (0.51-1.95) AL
Age >65y
VKA 22 105/4964 74/6664 1.98 (1.41-2.64) 1.22 (0.87-1.63) 1.84 (1.32-2.57) ——
DOAC 11 25/1332 15/2606 2.01(1.26-2.94) 0.66 (0.38-1.02) 2.92 (1.50-5.70) —a—
Creatinine clearance <50 mL/min
VKA 12 28/816  119/7853 2.89 (1.53-4.67) 1.58 (1.12-2.12) 2.83 (1.90-4.22) —-—
DOAC 7 2/227 27/2642 1.41(0.30-3.32) 1.13 (0.57-1.87) 3.71 (1.51-9.13) —a—
History of bleeding
VKA 10 8/230  119/6546 4.08 (1.97-6.91) 1.75 (1.23-2.35) 3.47 (1.86-6.50) —a—
DOAC 10 9/102 27/3497 9.19 (4.13-16.0) 0.85 (0.55-1.21) 18.81 (9.54-37.07) ——
Concomitant antiplatelet therapy
VKA 15 31/806  145/8689 3.98(2.52-5.76) 1.61(1.19-2.08) 2.89 (1.93-4.34) —a—
DOAC 10 3/144 33/3385 3.45(1.16-6.90) 1.05 (0.56-1.70) 17.18 (6.68-44.18) ——
Hemoglobin level <100 g/L
VKA 12 7/333 139/8578 2.73 (1.13-4.98) 1.45 (0.92-2.10) 6.51(3.23-13.13) —a—
DOAC 9 2/80 29/3235 4.03 (0.96-9.07) 1.00 (0.59-1.52) 17.41 (7.67-39.55) —a—
r T T T 1
05 1 2 5 10 100
Increased Increased
Rate With Rate With
Risk Factor Risk Factor
Absent Present

[2 = 0% for all IRRs. DOAC = direct oral anticoagulant; IRR = incidence rate ratio; VKA = vitamin K antagonist.

Case-Fatality Rate of Major Bleeding

The pooled case-fatality rate of major bleeding was
8.3% (Cl, 5.1% to 12.2%) among patients receiving a VKA
and 9.7% (Cl, 3.2% to 19.2%) among those receiving a
DOAC (Table 2; Supplement Table 9, available at
Annals.org).

Sensitivity Analyses

Estimates of major bleeding rates in the primary
analyses did not differ from those in analyses restricted
to studies in which the duration of initial anticoagulant
treatment was exclusively 3 months or to studies that
used the ISTH definition of major bleeding (Supplement
Tables 6 and 7).

DiscussioN

In this systematic review and meta-analysis of
27 studies and 17 202 patients with a first unprovoked or
weakly provoked VTE receiving extended anticoagulant
therapy, we found that the incidence of major bleeding
per 100 person-years was 1.7 events with VKAs and 1.1
events with DOACs. The 5-year cumulative incidence of
major bleeding with VKAs was 6%. In patients receiving
either a VKA or a DOAC, the incidence of major bleeding
was statistically significantly higher among those who
were older than 65 years or had creatinine clearance less
than 50 mL/min, history of bleeding, concomitant use
of antiplatelet therapy, or a hemoglobin level less than
100 g/L.

6 Annals of Internal Medicine

We also provide contemporary estimates for the clin-
ical effect of anticoagulant-related major bleeding,
defined as risk for intracranial and fatal bleeding, as well
as the case-fatality rate of major bleeding. Of note, in our
meta-analysis of patients with VTE, the case-fatality rate
of major bleeding seemed to be similar with DOACs
(9.7% [Cl, 3.2% to 19.2%]) and VKAs (8.3% [CI, 5.1% to
12.2%])-a finding different from that reported in a previ-
ous meta-analysis of phase 3 RCTs comparing DOACs
(7.6% [Cl, 6.5% to 8.7%]) with VKAs (11.0% [Cl, 9.2% to
13.1%)]) in patients with atrial fibrillation (55).

Given the need for precise estimates of the absolute
long-term risk and case-fatality rate of major bleeding
during extended anticoagulant therapy to guide deci-
sions about treatment duration in unprovoked VTE, our
findings are likely to affect clinical practice. For patients
with a first unprovoked proximal DVT or PE who have
completed at least 3 to 6 months of initial treatment, the
2016 guidelines from the American College of Chest
Physicians and 2020 guidelines from the American
Society of Hematology suggest continuing anticoagula-
tion indefinitely over discontinuing it, except for those
considered to have high risk for major bleeding (5, é).
Because the case-fatality rate of major bleeding is 2- to
3-fold higher than that of recurrent VTE (10), it has been
proposed that patients with a major bleeding risk of 3%
or higher per year be classified as having high risk and
thus not be considered for indefinite anticoagulation,
regardless of their risk for recurrent VTE (5, 56, 57).
However, no standardized approach currently exists to
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Table 2. Case-Fatality Rate of Major Bleeding*

Type of Study Fatal Major Case-Fatality
Anticoagulant  Cohorts, Bleeding Bleeding Rate (95% ClI), %
n Events,n Events, n
Any 33 17 247 8.4(5.4-12.1)
Vitamin K 22 15 207 8.3(5.1-12.2)
antagonists
Direct oral 11 2 40 9.7 (3.2-19.2)

anticoagulants

* |2 = 0% for all case-fatality rates.

identify such a subgroup of patients with unprovoked
VTE. Expert consensus opinion and previous individual
studies aimed at identifying patients with VTE at high risk
for anticoagulant-related major bleeding have proposed
that female sex, advanced age (such as >65 years), renal
insufficiency, history of bleeding, concomitant use of
antiplatelet therapy, and anemia are common independ-
ent risk factors for bleeding (56-59). The American
College of Chest Physicians guidelines suggest that the
prevalence of these risk factors could be used to catego-
rize the risk for bleeding as low (no risk factors) or high
(=2 risk factors) (5). Our meta-analysis supports the exis-
tence of a clinically meaningful difference in long-term
risk for anticoagulant-related major bleeding among
patients with a first unprovoked VTE stratified according
to presence or absence of the following risk factors:
age older than 65 years, creatinine clearance less than
50 mL/min, history of bleeding, concomitant use of anti-
platelet therapy, and hemoglobin level less than 100 g/L.
Taken together, our results provide clinicians, patients,
and policymakers with a management framework in which
to consider the long-term risks for and consequences of
major bleeding if anticoagulation is continued beyond the
initial 3 to 6 months. When weighed against the long-term
risks for and consequences of recurrent VTE if anticoagula-
tion is discontinued, our results could be used to balance
the benefits and harms of extended anticoagulation for
unprovoked VTE. For example, a patient with a first unpro-
voked VTE who has completed at least 3 months of initial
anticoagulant treatment and either is receiving concomi-
tant antiplatelet therapy or has a history of bleeding (factors
associated with a point estimate for major bleeding risk
>3% per year in our analysis) may not be a candidate for
extended anticoagulation with a VKA: If anticoagulation is
discontinued, the risk for death from recurrent VTE at 5
years would be about 1.0% (25% risk for recurrent VTE at 5
years multiplied by 4% case-fatality rate of recurrent VTE)
(10); if anticoagulation is continued, the risk for death from
major bleeding at 5 years would be greater than 1.2%
(>15% risk for major bleeding at 5 years multiplied by 8%
case-fatality rate of major bleeding, as determined in our
analysis). Over a 10-year horizon, the risk for death from
recurrent VTE if anticoagulation is discontinued would be
about 1.4% (36% risk for recurrent VTE at 10 years multi-
plied by 4% case-fatality rate of recurrent VTE) (10) and the
risk for death from major bleeding if anticoagulation is con-
tinued would be greater than 2.4% (>30% risk at 10 years
multiplied by 8% case-fatality rate of major bleeding).
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Last, we found that the incidence of major bleeding
during extended anticoagulation is lower with DOACs
than VKAs—a finding consistent with that established for
the initial treatment of VTE (60). However, in our analysis,
only 1 study cohort exclusively received extended antico-
agulation with DOACs beyond 13 months. As such, our
systematic review emphasizes the need for future pro-
spective studies focused on establishing the long-term
(beyond 1 year of extended anticoagulation) risk for
major bleeding with DOACs.

Our study has several notable strengths. First, our sys-
tematic review involved a comprehensive search and
included unpublished data from studies with an overall low
risk of bias. Second, many of the included studies had a het-
erogeneous patient population that included persons with
VTE provoked by major transient or persistent risk factors, as
well as those with a history of VTE. However, with help from
principal investigators of included studies, we extracted and
combined data on more than 17 000 patients who had a first
episode of unprovoked or weakly provoked VTE and were
prospectively followed for major bleeding during extended
anticoagulant therapy with a VKA or DOAC. Moreover, we
standardized durations of follow-up across study cohorts
and used exact person-time at risk during each of the stud-
ied intervals to assess the risk for major bleeding over time,
and we compared bleeding risks in several patient sub-
groups that are clinically important.

Limitations of this study include limited data (from
insufficient number of studies) to compare bleeding risk
between reduced- and therapeutic-dose DOACs and
limited data beyond 1 year of extended anticoagulation
with DOACs. Most DOAC cohorts included in our analy-
sis received extended anticoagulation with rivaroxaban;
thus, our estimates for the incidence of major bleeding
with DOACs may not always be generalizable to all
DOAC:s. Also, we found moderate statistical heterogene-
ity for the primary outcome of major bleeding; however,
this heterogeneity was largely explained through the var-
ious prespecified subgroup and sensitivity analyses.
Moreover, we used the DerSimonian-Laird random-
effects model, which may have underestimated the true
between-study variance, potentially producing overly
narrow 95% Cls for our meta-analyses involving fewer
than 10 study cohorts and moderate statistical heteroge-
neity (61). Finally, owing to constraints in time; resource
use; and access to raw, individual-level data, particularly
from the included industry-sponsored studies, we did
not do an individual-patient data meta-analysis, which
would have allowed us to compute direct estimates of
the cumulative incidence over time and adjust estimates
by various risk factors (and potential interactions between
risk factors).

In conclusion, this systematic review and meta-
analysis determined the risk for major bleeding during
extended anticoagulation of up to 5 years among
patients with a first unprovoked VTE and in clinically
important subgroups. Findings from this study will
help inform physician-patient discussions about long-
term risks and consequences of anticoagulant-related
major bleeding and help balance the net benefits and
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harms of extended anticoagulation to guide treatment
duration for unprovoked VTE.
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Appendix Table 1. Risk for Major Bleeding: According to Sex

Interval of Follow-up

Major Bleeding Events/Person-Years,

Incidence Rate per 100 Person-Years

During Extended n/N (95% ClI)
Anticoagulation Women Men Women Men
Year 1
VKA 58/2565 66/4337 2.38(1.76-3.08); P = 11% 1.78 (1.30-2.33); I> = 23%
DOAC 15/1422 26/2345 1.29(0.70-2.06); I = 20% 1.22(0.70-1.87); > = 37%
Year 2
VKA 21/1017 27/1690 2.06(1.11-3.29); I = 19% 1.78 (1.21-2.47); > = 0%
DOAC* - - - -
Years 3-5
VKA 15/892 16/1663 1.44(0.38-3.19); I> = 53% 1.02 (0.60-1.57); I> = 0%
DOAC* - - - -
Cumulative Incidence (95% Cl), %
Women Men
After2y
VKA 4.4(2.9-6.3) 3.5(2.5-4.7)
DOAC* - -
After5y
VKA 8.5(4.0-15.0) 6.5(4.2-9.2)
DOAC* - -

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.

* Data were insufficient to estimate incidence.
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Appendix Table 2. Risk for Major Bleeding: According to Age

Interval of Follow-up
During Extended
Anticoagulation

Major Bleeding Events/Person-Years,

n/N

Incidence Rate per 100 Person-Years

(95% CI)

Age >65y

Age <65y

Age >65y

Age <65y

Year 1
VKA
DOAC

Year 2
VKA
DOAC*

Years 3-5
VKA
DOAC*

After2y
VKA
DOAC*

After5y
VKA
DOAC*

58/2776
25/1277

26/1103

21/1080

53/3825
15/2494

13/1433

8/1406

2.16 (1.49-2.95); I?
2.09 (1.27-3.11); P

2.17 (1.20-3.40); I

1.43(0.45-2.96); I

Cumulative Incidence (95% Cl), %

=31% 1.50 (1.14-1.91); = 0%
=25% 0.72(0.39-1.16); P = 17%

=21% 1.04 (0.58-1.63); I> = 0%

=56% 0.63(0.28-1.11); I* = 0%

Age >65y

Age <65y

4.3(2.7-6.2)

8.3 (4.0-14.3)

2.5(1.7-3.5)

4.4(2.5-6.7)

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.
* Data were insufficient to estimate incidence.
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Appendix Table 3. Risk for Major Bleeding: According to Site of Initial Venous Thromboembolism

Interval of Follow-up

Major Bleeding Events/Person-Years,

Incidence Rate per 100 Person-Years

During Extended n/N (95% CI)
Anticoagulation Isolated Isolated Concomitant Isolated Isolated PE Concomitant
Proximal PE PE and DVT Proximal DVT PE and DVT
DVT
Overall
VKA 68/4556 69/3547 54/3535 1.49(1.16-1.89) 1.95(1.51-2.46) 1.53(1.15-1.99)
DOAC 20/2040 3/504 8/652 0.98 (0.60-1.51) 0.60(0.12-1.74) 1.23(0.53-2.42)
Year 1
VKA 47/3054 41/1846 25/1639 1.68(1.25-2.16); > = 0% 2.27 (1.20-3.66); P =58% 1.73(1.16-2.41); I’ = 0%
DOAC 20/1997 3/456 8/578 1.17 (0.45-2.24); I> = 66%  0.97 (0.28-2.08); I* = 0% 1.45(0.30-3.11); I? = 54%
Year 2
VKA 12/907 19/847 16/865 1.61(0.89-2.52); > = 0% 2.14(1.03-3.62); P = 29%  2.24(0.76-4.47); I’ = 30%
DOAC* - - - - - -
Years 3-5
VKA 9/595 9/854 13/1031 1.22(0.13-3.39); =55% 1.13(0.38-2.28); ° =30% 1.38(0.76-2.18); I = 0%
DOAC* - - - - - -
Cumulative Incidence (95% Cl), %
Isolated Proximal DVT Isolated PE Concomitant PE and
DVT
After2y
VKA 3.3(2.1-4.6) 4.4(2.2-7.1) 3.9(1.9-6.8)
DOAC* - - -
After5y
VKA 6.8 (2.5-14.0) 7.6 (3.3-13.3) 7.9(4.1-12.7)
DOAC* - - -

DOAC = direct oral anticoagulant; DVT = deep venous thrombosis; PE = pulmonary embolism; VKA = vitamin K antagonist.
* Data were insufficient to estimate incidence.
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Appendix Table 4. Risk for Major Bleeding: According to Creatinine Clearance

Interval of Follow-up
During Extended

Anticoagulation

Major Bleeding Events
/Person-Years, n/N

Incidence Rate per 100 Person-Years

Creatinine Clearance Creatinine Creatinine Creatinine
<50 mL/min Clearance 50 mL/min  Clearance <50 mL/min Clearance 50 mL/min
Year 1
VKA 10/437 70/4030 2.74 (1.42-4.46); I = 0% 1.80(1.36-2.31); I = 14%
DOAC 2/224 32/3216 1.54(0.36-3.54); I = 0% 1.13(0.63-1.77); I> = 54%
Year 2
VKA 9/187 27/1761 5.33(2.60-8.96); I = 0% 1.04 (0.58-1.63); 1> = 0%
DOAC* - - - -
Years 3-5
VKA 9/192 22/2059 5.33(1.35-11.75); I* = 55% 1.12(0.71-1.62); > = 0%
DOAC* - - - -
Cumulative Incidence (95% CI), %
Creatinine Clearance <50 mL/min Creatinine Clearance >50 mL/min
After2y
VKA 7.9 (4.0-13.0) 2.8(1.9-3.9)
DOAC* - -
After5y
VKA 21.9(7.8-40.2) 6.0 (4.0-8.5)
DOAC* - -

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.

* Data were insufficient to estimate incidence.
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Appendix Table 5. Risk for Major Bleeding: According to History of Bleeding

Interval of Follow-up Major Bleeding Events/Person-Years, n/N Incidence Rate per 100 Person-Years (95% ClI)
During Extended
Anticoagulation

History of Bleeding No History of Bleeding History of Bleeding No History of Bleeding

Year 1
VKA 4/138 74/4090 3.97 (1.40-7.77); P = 0% 1.84 (1.35-2.41); > = 27%
DOAC 9/96 27/3336 9.75 (4.31-17.09); ¥ = 0% 0.91(0.56-1.36); I’ = 28%

Year 2
VKA 9/187 27/1761 6.79 (1.85-14.50); I? = 0% 1.87 (1.02-2.97); > = 32%
DOAC* - - - -

Years 3-5
VKA 1/40 26/1724 4.04(0.25-12.09); I’ = 0% 3.23(0.05-11.08); I’ = 70%
DOAC* - - - -
Cumulative Incidence (95% CI), %

History of Bleeding No History of Bleeding

After2y
VKA 10.5(3.2-21.1) 3.7 (2.4-5.3)
DOAC* - -

After5y
VKA 20.9 (3.9-46.4) 12.7 (2.5-33.4)
DOAC* - -

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.
* Data were insufficient to estimate incidence.
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Appendix Table 6. Risk for Major Bleeding: According to Concomitant Use of Antiplatelet Therapy

Interval of Follow-up Major Bleeding Events/Person-Years, n/N Incidence Rate per 100 Person-Years (95% CI)
z:tril::‘gaE):utI:\:i:id Concomitant Antiplatelet No Concomitant Concomitant Antiplatelet Therapy No Concomitant
9 Therapy Antiplatelet Therapy Antiplatelet Therapy

Year 1

VKA 14/3820 79/4536 4.31(2.52-6.55); I = 0% 1.78 (1.34-2.28); > = 20%

DOAC 3/137 33/3225 3.53(1.13-7.19); ¥ = 0% 1.37(0.58-1.88); I = 64%
Year 2

VKA 14/232 29/1981 5.58 (2.46-9.87); I? = 26% 1.34(0.57-2.44); > = 53%

DOAC* - - - -
Years 3-5

VKA 4/198 27/2204 2.24(0.32-5.81); I = 36% 1.21(0.69-1.87); > = 15%

DOAC* - - - -

Cumulative Incidence (95% CI), %
Concomitant Antiplatelet Therapy No Concomitant Antiplatelet Therapy

After2y

VKA 9.6 (4.9-15.8) 3.1(1.9-4.7)

DOAC* - -
After5y

VKA 15.6 (5.8-29.6) 6.6 (3.9-9.9)

DOAC* - -

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.
* Data were insufficient to estimate incidence.
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Appendix Table 7. Risk for Major Bleeding: According to Hemoglobin Concentration

Interval of Follow-up
During Extended
Anticoagulation

Major Bleeding Events/Person-Years, n/N

Incidence Rate per 100 Person-Years (95% Cl)

Hemoglobin Level

Hemoglobin Level

Hemoglobin Level <100 g/L

Hemoglobin Level 100 g/L

<100 g/L 100 g/L
Year 1
VKA 6/171 74/4420 4.64(2.04-8.22); I’ = 0% 1.63(1.08-2.28); > = 50%
DOAC 2/80 29/3202 3.91(0.85-9.05); I = 0% 1.01(0.60-1.53); ¥ = 39%
Year 2
VKA 0/79 36/1989 0.0 (0.0-4.67); I = 26% 1.46 (0.53-2.83); I = 68%
DOAC* - - - -
Years 3-5
VKA 1/85 30/2168 3.98(0.59-21.23); P = 61% 1.44(0.98-1.99); I = 0%
DOAC* - - - -
Cumulative Incidence (95% Cl), %
Hemoglobin Level <100 g/L Hemoglobin Level =100 g/L
After2y
VKA 4.6 (2.0-12.5) 3.1(1.6-5.0)
DOAC* - -
After5y
VKA 15.6 (3.8-57.2) 7.2 (4.5-10.6)
DOAC* - -

DOAC = direct oral anticoagulant; VKA = vitamin K antagonist.
* Data were insufficient to estimate incidence.
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Appendix Table 8. Incidence of Major Bleeding According to Study Design

Interval of Follow-up
During Extended
Anticoagulation

Study Cohorts, n

Major Bleeding Events/Person-Years, n/N

Incidence Rate per 100 Person-Years (95% Cl)

RCT

Cohort

RCT

Cohort

RCT

Cohort

Overall
VKA
DOAC

Year 1
VKA
DOAC

Year 2
VKA
DOAC*

Years 3-5
VKA*
DOAC*

After2y
VKA
DOAC*

After5y
VKA*
DOAC*

55/3025
19/2382

49/2519
19/2382

6/506

152/9225
21/1553

79/4470
21/1386

42/2200

31/2555

1.95(1.31-2.71); P = 39%
0.89 (0.55-1.30); I* = 0%

2.16(1.47-2.97); P = 26%
0.89 (0.55-1.30); I* = 0%

1.35(0.51-2.59); = 5%

Cumulative Incidence (95% Cl), %

1.61(1.09-2.30); I = 69%
1.34(0.50-2.58); I° = 69%

1.90 (1.31-2.60); I = 46%
1.56 (0.53-3.11); > = 73%

1.79 (0.90-2.97); > = 55%

0.95 (0.35-1.83); I? = 55%

RCT

Cohort

3.5(2.0-5.5)

3.7 (2.2-5.5)

6.4(3.2-10.6)

DOAC = direct oral anticoagulant; RCT = randomized controlled trial; VKA = vitamin K antagonist.
* Where indicated by dashes, data were insufficient to estimate incidence.
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