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Abstract

Background: Patients with cancer-associated venous thromboembolism (VTE) are
recommended to receive treatment with therapeutic anticoagulation for at least
3-6 months. Little data exist on extended treatment beyond 6 months.

Objective: To comprehensively summarize the best available evidence on incidence of
recurrent VTE and major bleeding 6-12 months after the index event in patients with
cancer-associated VTE.

Patients/Methods: We systematically screened biomedical databases (MEDLINE,
Embase, CENTRAL) to identify studies reporting recurrent VTE and/or bleeding
events between 6 and 12 months after a diagnosis of cancer-associated VTE. Based
on the observed heterogeneity in study design, setting, patient cohort characteristics,
anticoagulation strategies, and outcome rates, no overall quantitative estimate of out-
come rates was calculated.

Results: We screened 2597 publications and identified 11 eligible studies matching
predefined in-/exclusion criteria, reporting on 3019 patients specifically during the 6-
to 12-month period post-index VTE. Overall rates of recurrent VTE in this timeframe
varied substantially (1%-12%), with the highest risk observed in the patient subgroup
with residual vein thrombosis present at 6 months randomized to receive no antico-
agulation (13%-15%). Reported rates of major bleeding between 6 and 12 months
were between 2% and 5%.

Conclusions: In this systematic review, we provide a comprehensive and structured
summary of the best available evidence on recurrence and bleeding risk between 6
and 12 months after cancer-associated VTE. VTE recurrence remains common be-
yond 6 months and continuation of different anticoagulation strategies has an accept-

able safety profile indicated by lower bleeding rates. These findings support guideline
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with active cancer.
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1 | INTRODUCTION

Venous thromboembolism (VTE) is a frequent complication in pa-
tients with cancer and is associated with increased mortality,
morbidity, and delay in anti-cancer treatment.’® Therapeutic an-
ticoagulation is recommended for treatment of cancer-associated
VTE, the risks and benefits of which are well characterized up to
6 months after the initial event.? Guidelines for treatment of VTE in
patients with cancer recommend at least 3 to 6 months of therapeu-
tic anticoagulation with most recommending extended therapy in
patients with active cancer or based on individual risk assessment.””
However, the continuation of treatment beyond 6 months is primar-
ily based on expert opinion, as data characterizing the risks and ben-
efits of extended anticoagulation for treatment of cancer-associated
VTE beyond 6 months are sparse.

The treatment of cancer-associated VTE has recently evolved with
the introduction of direct oral anticoagulants (DOACs) into clinical
practice after demonstration of non-inferiority compared to low mo-
lecular weight heparin (LMWH), the long-standing mainstay of thera-
py.“’g‘12 However, management of VTE in patients with cancer remains
challenging as they are at 2-fold higher risk of major bleeding and 3- to
7-fold higher risk of VTE recurrence during anticoagulation treatment
compared to non-cancer patients with VTE.**"*> While the evidence for
intensity and type of anticoagulation treatment of cancer-associated
VTE for the first 6 months is robust, clinical studies are currently ongo-
ing to explore prophylactic versus therapeutic doses of anticoagulation
in the extended treatment phase for VTE in cancer patients.

For clinical decision-making, it is important to understand the
risks and benefits of extended anticoagulation treatment beyond
6 months. Therefore, the aim of this systematic review was to pro-
vide a comprehensive and structured summary of available data on
the risks of recurrent VTE and bleeding between 6 and 12 months in
patients with cancer-associated VTE.

2 | METHODS

We conducted a systematic review of the literature to identify
studies that report the rate of recurrent VTE and/or bleeding be-
tween 6 and 12 months after the index event in patients with
cancer-associated VTE. The study was conducted according to the
Cochrane Handbook for Systematic Reviews of Interventions and is
presented following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA, available as Data S1 in sup-
porting information) guidelines.®'” The study protocol for this

recommendations to continue anticoagulation treatment beyond 6 months in patients

anticoagulants, hemorrhage, neoplasms, venous thromboembolism, venous thrombosis

ESSENTIALS

e For cancer-associated thrombosis, at least 3 to 6 months
of anticoagulation therapy are recommended.

o Little data exist to inform clinical management in the ex-
tended treatment period after 6 months.

e Upon systematic review, heterogeneous rates of venous
thromboembolism recurrence were found.

e Extended anticoagulation has ongoing acceptable safety

profiles, indicated by low bleeding rates.

systematic review was prepared prior to the initiation of literature
research and submitted to the International Prospective Register of
Systematic Reviews (PROSPERO, ID: CRD42021209847).

2.1 | Literature research and study
selection process

Three biomedical databases (MEDLINE, Embase, CENTRAL) were
systematically screened for potentially eligible publications based
on a search algorithm of predefined search terms, available in the
Appendix S1 in supporting information. Titles and abstracts of re-
cords identified by the search algorithm were screened by two in-
dependent researchers (FM, MC) for eligibility based on predefined
in- and exclusion criteria. In the second step, the corresponding full
texts of studies identified during the abstract- and title screening
were reviewed independently by the two researchers (FM, MC). Any
disagreement between the two researchers conducting the literature
search was resolved by discussing the respective publication with a
third independent researcher (CA). Inclusion of any publication in the
study was conditional on consensus between all involved researchers.

In order to be eligible for inclusion, conformity with all pre-
defined inclusion criteria was required. Studies matching 21 of the
predefined exclusion criteria were ineligible. Inclusion criteria for
publications were defined as follows: (a) reporting results of clin-
ical trials (controlled/single arm) or cohort studies (prospective/
retrospective); (b) adult patients (>18 years of age) with active
cancer at study inclusion, as defined within the respective study;
(c) diagnosis of qualifying VTE event must include pulmonary em-
bolism (PE) and/or deep vein thrombosis (DVT), either symptom-
atic or incidental/asymptomatic in presentation, and could include
splanchnic vein thrombosis (SVT), cerebral vein thrombosis (CVT),
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or central catheter-related thrombosis (CRT); (d) follow-up and
reporting of outcomes (recurrent VTE and/or bleeding events)
specifically between 6 and 12 months after the index VTE event.
The number of patients at risk for outcome events at 6 months
post index VTE was required to obtain outcome rates between 6
and 12 months. Exclusion criteria were (a) studies with inclusion
of patients <18 years of age, and (b) studies with no available data
on outcomes specifically in patients with cancer (e.g., studies in-
cluding a subgroup of patients with cancer with specific data not

extractable for this subgroup).

2.2 | Risk of bias evaluation

Generalzability and between-study comparability of identified and
eligible publications were assessed by a structured, standardized
risk of bias assessment. Randomized controlled trials were assessed
using the modified Cochrane Risk of Bias Tool (RoB 2), and non-
randomized studies, including cohort studies, were evaluated by
applying the Newcastle-Ottawa Scale.'®? Risk of publication bias
was visualized by plotting rate of primary outcome events against its

standard error within a funnel plot.

2.3 | Data extraction
Data were extracted from the identified studies fulfilling the eligi-
bility criteria by two independent researchers (FM, MC). Primary
study data of included studies were not sought from the investiga-
tors and only data as extractable from published results were in-
cluded. Descriptive characteristics of selected studies, including
baseline demographics, cancer specifics (type, stage), and details on
qualifying VTE event and anticoagulation treatment were gathered.
Additionally, data on outcome events between 6 and 12 months
after the initial index VTE event were obtained. Primary outcome
events of this systematic review were predefined and comprise (a)
the rate of recurrent VTE, as defined within the respective study,
including symptomatic, incidental, or fatal PE, DVT (including CRT),
splanchnic vein thrombosis, or cerebral vein thrombosis; and (b) the
rate of major bleeding (MB), either defined according to the bleeding
scale of the International Society on Thrombosis and Haemostasis
(ISTH; i.e., fatal bleeding and/or symptomatic bleeding in a critical
area or organ and/or bleeding accompanied by a fall in hemoglobin
levels of 22 g/dl or leading to transfusion of 22 units of whole blood
or red cell concentrates), or alternatively as defined in the respective
study.20

Secondary outcome events include (a) the rate of clinically rel-
evant non-major bleeding (CRNMB), defined according to the ISTH
as a bleeding event that does not meet criteria of a major bleeding
event, but necessitates an immediate clinical response including ei-
ther hospital admission for bleeding or medical/surgical treatment
for bleeding or a change in antithrombotic therapy (including inter-
ruption or discontinuation)?’; and (b) all-cause mortality.
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2.4 | Statistics

Planned quantitative synthesis of data from identified studies was
omitted due to the observed degree of underlying risk of bias and
substantial between-study heterogeneity in design, study cohorts,
anticoagulation strategies, and outcome rates. Individual risk of re-
current VTE and MB are presented in Forrest plots, created with
the STATA package metaprop, computing individual 95% confidence
intervals by the score method.?? Heterogeneity between included
studies is reported by I? as a measure of between-study variance
beyond expected random variation. Data extracted from included
studies and analytic code are available from the corresponding
author upon reasonable request. All statistical analyses were con-
ducted in STATA v15.1 (Stata Corp.).

3 | RESULTS

3.1 | Study selection

In total, 2597 studies were identified after screening of the bio-
medical databases following predefined search algorithms on
September 18, 2020 (MEDLINE via PubMed: 1134, Embase: 1068,
CENTRAL: 395). After the removal of duplicates, 2210 records un-
derwent primary eligibility screening based on titles and abstracts.
Consequently, 332 publications remained for full-text evaluation.
Of those, 11 studies were identified that met the predefined eligi-
bility criteria for this systematic review. The process of study se-
lection is displayed in detail in a PRISMA flow diagram in Figure 1.

3.2 | Study characteristics

The 11 identified eligible studies varied in study design, inclusion and
exclusion criteria, and characteristics of included patients. A compre-
hensive overview summarizing details of study characteristics is pre-
sented in Table 1, and more details on baseline characteristics of study
subgroups in Table S1. Overall, three randomized controlled trials (RCT),
two single-arm interventional trials, two prospective cohort studies,
two retrospective cohort studies, and two studies reporting registry
data were identified. In total, these studies included 3019 patients with
cancer-associated thrombosis at 6 months after the index VTE event.

3.2.1 | Randomized controlled trials

The three identified RCTs were SELECT-D 12m (12-month outcomes
of the study), Hokusai VTE Cancer (reporting a post hoc analysis of 6-
to 12-month data after index VTE), and the Cancer-DACUS study.23'25
In SELECT-D, 406 patients with cancer-associated VTE were rand-
omized to either rivaroxaban (n = 203) or dalteparin (n = 203) after
index VTE, with a second randomization process at 6-month follow-up
in patients with index PE or the presence of residual vein thrombosis
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FIGURE 1 Study selection flow chart. %: Studies ineligible based on study setting (non-cancer/not cancer specific, risk of first
VTE). 2Studies not reporting primary data: (systematic-) reviews, meta-analyses. 3Studies ineligible based on outcomes (survival, cost
effectiveness, fatal events only, thrombus resolution). RCT, randomized controlled trial; VTE, venous thromboembolism

(RVT) on screening ultrasound at 6 months. Of 371 patients included
in SELECT-D during ongoing second randomization, 137 (38%) were
not assessed for second randomization, 35 (9%) had no RVT, and 199
(54%) had index PE or RVT at 6 months. Of those, at 6 months, 92 pa-
tients (25%) underwent a second randomization to either rivaroxaban
(n = 46) or placebo (n = 46), whereas 107 patients (29%) with RVT or
index PE did not undergo second randomization. The trial was stopped
prematurely due to low recruitment rate at the second randomiza-
tion.?® In Hokusai VTE Cancer, 1046 patients with cancer-associated
VTE were randomized after a diagnosis of cancer-associated VTE to
receive edoxaban or dalteparin for a minimum of 6 months and up to
12 months, with continuation of trial treatment after 6 months de-
termined by the treating physician.9 In a post hoc analysis of the trial,
focusing on the 6- to 12-month timeframe after the index event, 567
patients (54%) were included that were still receiving the assigned trial
treatment (edoxaban: n = 294, dalteparin: n = 273).%* Cancer-DACUS is
a study focusing on outcomes in the 6- to 12-month period after DVT
in patients with cancer. At 6 months after index DVT, a total of 347 pa-
tients were included. Patients with RVT (n = 242) were randomized to
receive nadroparin (n = 119) or placebo (n = 123) and patients without
RVT (n = 105) discontinued anticoagulation and were observed.?®

3.2.2 | Single-arm interventional studies

In the TiCAT study, an open-label, multi-center interventional study,
247 patients with cancer-associated VTE received tinzaparin for a
total of 12 months; 198 patients (80%) completed the follow-up at
6 months post index VTE and were separately evaluated during the
6- to 12-month period‘26 In the DALTECAN study, a multi-national
interventional study, 334 patients with cancer-associated VTE re-
ceived dalteparin for 12 months; 185 patients (55%) completed at
least 6 months of follow-up.?’

3.2.3 | Cohort and registry-based studies

Two prospective cohort studies were included. The study by Poudel
et al., published as a meeting abstract, presented outcomes of pa-
tients (n = 284) 6-12 months after cancer-associated VTE.?® The
study by Prandoni et al. observed patients with DVT, including a
subgroup of patients with cancer (n = 181), and reported the num-
ber at risk for outcome events at 6 months post index DVT (n = 92,
51%).13 The USCAT study, a multi-center retrospective cohort study,
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which reported data from two prospective observational studies
(n = 719), described treatment and outcomes of 432 patients (60%)

beyond 6 months after index VTE.?

Using a single-center retrospec-
tive cohort, Schmidt et al. reported on the treatment and outcomes of
322 patients 6-12 months post index VTE.*° Last, two registry stud-
ies were included that allow extraction of outcome data 6-12 months
after cancer-associated VTE. In the COMMAND VTE registry, out-
comes of patients with symptomatic VTE, including a separately re-
ported subgroup of patients with active cancer, are reported between
6 and 12 months (n = 396),%! and Yhim et al. evaluated the risk of
recurrent VTE in patients with recurrent/metastatic solid cancer and
VTE, providing the number of patients at risk at 6 months after index

VTE (n=83) and reporting outcome rates between 6 and 12 months.®?

3.3 | Riskof bias

A structured assessment of the underlying risk of bias for each study
was conducted to judge the generalizability of the respective study
findings, and to evaluate the possibility of aggregating the extracted
outcome data of identified studies. Importantly, risk of bias assess-
ment represents an evaluation of each included study in the frame-
work of the research questions of the present systematic review
and does not evaluate the overall scientific merit or quality of the
respective study. Overall, studies varied in respect to their under-
lying suspected risk of bias, mostly due to the selection of study
cohorts based on index VTE characteristics (e.g., DVT only, sympto-
matic VTE only), the presence of RVT at 6 months, or cancer-specific
restrictions (e.g., advanced disease only). Moreover, study cohorts
seemed to differ beyond prespecified inclusion and exclusion crite-
ria, as studies varied in key baseline characteristics such as cancer
types and stage (Table 2). Details on the structured risk of bias as-
sessment of all identified studies are presented in Figure 2. Based on
the risk of bias assessment in combination with the observed het-
erogeneity in design, baseline characteristics, and outcome rates, we
concluded that it was infeasible to conduct a quantitative synthesis
of extracted outcome data in the framework of a meta-analysis. No
publication bias was suspected upon visual inspection of the fun-
nel plot, plotting risk estimates against respective standard errors

(Figure S1 in supporting information).

3.4 | Recurrent VTE between 6 and 12 months

Rates of recurrent VTE between 6 and 12 months after index VTE
varied between 1.1% and 12.0% across the studies (% 88%). In
SELECT-D, VTE recurrence was reported in 8.7% (8/92) of the pa-
tients undergoing second randomization based on RVT/index PE
(rivaroxaban: 4.3% [2/46], placebo: 13.0% [6/46]), and none of the
patients (0/35) with index DVT and absence of RVT at 6 months
developed VTE recurrence. In the Hokusai VTE Cancer study, 2.1%
(12/567) of patients experienced VTE recurrence between 6 and
12 months; 1.4% (4/294) in the edoxaban and 2.9% (8/273) in the
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dalteparin arm. In Cancer-DACUS, the overall VTE recurrence rate
between 6 and 12 months was 6.9% (24/347); 3.4% (4/119) in pa-
tients with RVT randomized to continue LMWH beyond 6 months,
14.6% (18/123) in those with RVT randomized to discontinue anti-
coagulation, and 1.9% (2/105) in those without RVT at 6 months, all
of whom discontinued anticoagulation. In the single-arm interven-
tional studies, recurrent VTE occurred in 1.1% (2/184) of tinzaparin-
treated patients in TiCAT and in 4.1% (8/185) of dalteparin-treated
patients in DALTECAN. Poudel et al. report a VTE recurrence rate
of 12.0% (34/284); 12.0% (23/191) in those receiving anticoagula-
tion beyond 6 months and 11.8% (11/93) in those who discontinued
anticoagulation. In another prospective cohort study, Prandoni et al.
observed a rate of recurrent VTE of 3.3% between 6 and 12 months
in the subgroup of patients with cancer and DVT. Of the two ret-
rospective cohort studies, the USCAT study found a recurrent
VTE rate of 5.7% (24/418), and in the study by Schmidt et al., of
322 included patients, 17 (5.3%) experienced recurrent VTE events
between 6 and 12 months of follow-up. In the COMMAND VTE
registry, 2.8% (11/396) of patients experienced VTE recurrence
between 6 and12 months and in the registry study by Yhim et al.
3.6% (3/83) had recurrent VTE. A comprehensive summary of rates
of recurrent VTE overall and in specific subgroups is presented in
Figure 3 with details provided in Table 2. Further, the rates of out-
come events structured by the receipt of anticoagulation therapy

beyond 6 months are provided in Table S2 in supporting information.

3.5 | Bleeding rates between 6 and 12 months

Overall, in the subset of studies reporting on bleeding outcomes, MB
rates ranged from 1.7% to 4.8% (I?: 30%), and CRNMB rates from
2.0% to 4.8% (1% 64%) between 6 and 12 months after index VTE.
In SELECT-D 12m, patients undergoing second randomization (index
PE/RVT) had MB and CRNMB rates of 2.2% (2/92) and 2.2% (2/92),
with all bleeding events occurring in the rivaroxaban group (4.3%
MB [2/46], 4.3% CRNMB [2/46]). No bleeding outcomes were re-
ported in the group of patients with index DVT and absence of RVT.
In Hokusai VTE cancer, 1.8% (10/567) of patients experienced a MB
and 4.8% (27/567) a CRNMB, 2.4% (7/294) and 4.8% (14/294) in the
edoxaban group and 1.1% (3/273) and 4.8% (13/273) in the daltepa-
rin group, respectively. In Cancer-DACUS, overall, 1.7% of patients
(6/347) experienced a MB and 2.6% (9/347) a minor bleeding event.
The corresponding rates of major and minor bleeding in patients
with RVT randomized to continue LMWH were 3.4% (4/119) and
1.7% (2/119), and in those with RVT randomized to discontinue
LMWH 0.8% (1/123) and 3.3% (4/123). In RVT-negative patients
without LMWH, MB and minor bleeding occurred in 1.0% (1/105)
and 2.9% (3/105), respectively. In the TiCAT and DALTECAN study,
MB occurred in 2.6% (5/194) and 4.3% of patients (8/185), respec-
tively. Poudel et al. reported overall MB and CRNMB rates of 1.8%
(5/284) and 3.2% (9/284). In patients continuing anticoagulation be-
yond 6 months, rates were 2.1% (4/191) and 4.7% (9/191), compared
to 1.1% (1/93%) and 0% in those with discontinued anticoagulation
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TABLE 1 Study design of included studies

First author, year Study
Marshall et al., SELECT-D:
2020 12m

Di Nisio et al., Hokusai VTE
2019 Cancer
Napolitano et al., Cancer-
2014 DACUS
Jara-Palomares TiCat
etal., 2017
Francis et al., DALTECAN
2015
Poudel
etal., 2019
(Meeting
Abstract)

Prandoni et al.,
2002

Mahé et al., 2020 USCAT

Schmidt et al.,
2020
Sakamoto et al., COMMAND
2019 VTE
Registry

Yhim et al., 2013

Study design
RCT

RCT (post-hoc
analysis)

RCT

Single-arm
interventional
study

Single-arm
interventional
study

Prospective
cohort study

Prospective
cohort study

Retrospective
cohort study

Retrospective

cohort study

Registry

Registry

Country

UK (multi-center)

Multi-national

Italy
(multi-center)

Spain
(multi-center)

Multi-national

USA (single-
center)

Italy (single-
center)

France
(multi-center)

Canada (single-
center)

Japan
(multi-center)

Korea
(multi-center)

No. of patients
(0 mo.)

406 (371 during
ongoing 2™

randomization)

1046

247

334

181

719

524

695

449

No. of patients (6 mo.) /
% of pts. at 0 mo.

92 (25%, second
randomization?);
PE / RVT not
randomized:
107 (29%), RVT
negative: 35 (9%)

567 (54%)

347 (242 RVT)

198 (80%)°

185 (55%)

284

92 (51%)

432 (60%)

322 (61%)

396 (57%)

83 (18%)

Intervention /
Anticoagulation

RVT/index PE —Second
randomization at 6
mo: Rivaroxaban®
(n = 46) vs. placebo
(n=46)

Edoxaban (n = 294)

vs. dalteparin (n = 273)¢

AC beyond 6 mo
determined by
treating physician

RVT —Randomization:
Nadroparin (n = 119)
vs. placebo (n = 123);
no RVT: No tx (n = 105)

Tinzaparin

Dalteparin®

191: AC beyond 6 mo; 93:
no AC beyond 6 mo

LMWH (n = 256), VKA
(n=56), DOAC (n = 30),
no AC beyond 6 mo
(n = 74)

222: AC beyond 6mo;
100: AC discontinuation
at 6 mo

Abbreviations: AC, anticoagulation; CRNMB, clinically relevant non-major bleeding; CRT, catheter-related thrombosis; DOAC, direct oral

anticoagulants; DVT, deep vein thrombosis; ECOG, Eastern Cooperative Oncology Group performance status; KM, Kaplan Meier estimate; LMWH,
low molecular weight heparin; MB, major bleeding; mo., months; n.r., not reported; OS, overall survival; PE, pulmonary embolism; RCT, randomized
controlled trial; RVT, residual vein thrombosis; VKA, Vitamin K antagonists; VTE, venous thromboembolism.

Sorted by design and year of publication.

Bold writing has been used to underline overall outcome rates as opposed to subgroups.

?Second randomization was stopped due to futility during the ongoing trial.

PRivaroxaban 20 mg 1x/daily.

‘Edoxaban dose.

dNadroparin: 75% of full dose (97 IU anti-activated coagulation factor X per kilogram twice daily).
€At risk for VTE 7-12 months: 184, overall n after 6 months: 198.

Minzaparin dose.
8Dalteparin dose.

PFor example, recent neurosurgery within 30 days, history of intracranial hemorrhage, or acute gastroduodenal ulcer.

iPatients with cancer at risk 6 months after index DVT according to KM risk table.
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Study population

Pts. with active cancer +VTE
(PE/symp. prox. DVT) +
RVT

Pts. with cancer +VTE
(PE/prox. DVT) +
anticoagulation beyond
6 months

Pts. with active cancer +DVT
+6mo LMWH

Pts. with active cancer +VTE
(PE/prox. DVT)

Pts. with active cancer +VTE
(PE/symp. prox. DVT)

Pts. with cancer-associated
thrombosis

Patients with DVT, subgroup
of patients with cancer

Pts. with cancer +VTE (from 2
prospective observational
studies, alive after
6 months)

Pts. with cancer-associated
VTE

Patient with symptomatic
VTE, active cancer
subgroup

Pts. with recurrent/metastatic
solid cancer +initiation of
AC +VTE

Key exclusion criteria

ECOG >2, VTE recurrence 1-6
mo, absence of RVT at 6 mo
(index DVT)

ECOG >2, platelet <50G/L, CrCl
<30 mL/min

ECOG >2, prior VTE recurrence;
high risk of bleeding, PE

Hemodialysis, uncontrolled
hypertension

High risk of bleeding",
hemodialysis, uncontrolled
hypertension

n.r.

Prior VTE

n.r.

CRT

n.r.

Haematologic cancer, solid
cancer not recurrent/
metastatic, index: CRT or
SVT, no AC after index VTE

Primary outcome

Recurrent VTE

Composite: Recurrent VTE
& MB

Recurrent VTE

MB, CRNMB

MB

Recurrent VTE, bleeding
(MB/CRNMB), OS

Recurrent VTE

Description of
anticoagulant treatment
(6-12 mo)

Recurrent VTE, MB,
CRNMB, Mortality

Recurrent VTE, MB,
Mortality

Recurrent VTE

Rec. VTE
0-6 mo

6.4% overall, 8.9%
dalte-parin
3.9% riva-roxaban

7.6% overall, 6.5%
edoxaban
8.8% dalteparin

n/a

4.5%

8.7%

n.r.

7.8%

11.1%

j.l.j.‘ | 625

MB
0-6 mo

4.2% overall, 3.0%
dalte-parin, 5.4%
riva-roxaban

4.4% overall, 5.6%
edoxaban, 3.2%
dalteparin

n/a

2.8%

7.8%

9.1%
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TABLE 2 Outcomes of included studies

First author, year

Study

Marshall et al., 2020 SELECT-D:

Di Nisio et al., 2019

Napolitano et al.,
2014

Jara-Palomares
etal., 2017

Francis et al., 2015

Poudel et al.,
2019 (Meeting
Abstract)

12m

Hokusai VTE
Cancer

Cancer-
DACUS

TiCat

DALTECAN

No. of patients (6 mo.)
Index PE / RVT: 2nd

randomization: Overall (n = 92)°

Index PE / RVT at 6 mo —2nd
randomization: Rivaroxaban
(n=46)

Index PE/RVT at 6 mo —2nd

randomization: Placebo (n = 46)

Index DVT & RVT negative at
6mo (n = 35)°

Overall (n = 567)

Edoxaban (n = 294)

Dalteparin (n = 273)

Overall (n = 347)

RVT at 6mo —randomization:
continue LMWH (n = 119)

RVT at 6mo —randomization:
discontinue LMWH (n = 123)

RVT negative at 6mo (n = 105)

Tinzaparin (n = 184)"

Dalteparin (n = 185)

Overall (n = 284)

AC beyond 6 mo. (n = 191)

No AC beyond 6 mo. (n = 93)

Recurrent VTE
(6-12mo)

8.7%
n=38

1.4% overall (n = 4)
0.7% on treatment
(h=2)

2.9% overall (n = 8)

1.1% on treatment
(h=3)

6.9%

n=24

3.4%
n=4

14.6%
n=18
1.9%
n=2

1.1%
n=2

4.1%
n =8k

12.0%
n=34

12.0%
n=23

11.8%
n=11

MB (6-12 mo)

2.2%
n=2

1.8%
n=10

2.4% overall (n=7)

1.7% on treatment
(n=5)

1.1% overall (n = 3)

1.1% on treatment
(n=23)

1.7%

n=6

3.4%
n=4

0.8%
n=1
1.0%
n=1

2.6%
n=>5

4.3%
n=28

1.8%
n=>5

2.1%
n=4

1.1%
n=1

CRNMB (6-12 mo)

2.2%
n=2

4.8%
n=27

4.8% overall (n = 14)
3.7% on treatment (n = 11)

4.8% overall (n = 13)
3.7% on treatment (n = 10

2.6%
n=9f

1.7%
n=2f

3.3%
n= 4f

2.9%
n=3f

3.2%
n=9

4.7%
n=9
0%

n=0
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Mortality (6-12 mo)

12%
n=15

13.3% (n = 39)°

14.3% (n = 39)°

12%
n =428

10%
n=128

15%
n=19%

11%
n=11%

23%
n=23

n.r.

AC beyond 6 mo

100%

100%

100%

0%

100%

100%

100%

34.3%

100%

0%

0%

100%

100%

67.3%

100%

0%

Age, female (%)

F: 49%

Mean (sd): 64 (11)¢
F:47%

Mean (sd): 61 (14)¢
F: 45%

Mean (sd): 62 (13). F: 55%

Mean 65, F: 47%

Mean (sd): 61 (13), F: 50%

ECOG0-1
85%

83%

83%

84%

/

Cancer types

Gl 39%, Breast 17%
Hem 13%

GU 12%

Lung 8%

Prostate 4%

Gl 27%
Breast 16%
GU 22%
Hem 14%
Lung 11%

Gl 27%
Breast 12%
GU 11%
Hem 23%
Lung 5%

Gl 14%
Breast 14%
GU 21%
Hem 8%
Lung 16%
Prostate 4%

Gl 21%

Breast 9%
Hem 13%
Lung 14%

Gl 17%
Breast 7%
GU 12%
Hem 31%
Lung 7%
Brain 12%
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Advanced cancer
stage®

43% metastatic

41% metastatic

21% metastatic

66% metastatic

63% metastatic

62% metastatic
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TABLE 2 (Continued)

Recurrent VTE
First author, year Study No. of patients (6 mo.) (6-12mo) MB (6-12 mo) CRNMB (6-12 mo)
Prandoni et al., 2002 Overall (n = 92)' 3.3% n.r. n.r.
n=3
Mahé et al., 2020 USCAT Overall (n =432)" 5.7% 2.7% 2.4%
n=24 n=11 n=10
Schmidt et al., 2020 Overall (n = 322) 5.3% 4.1% Cl 6-18mo CRB"
n=17
AC beyond 6 months (n = 222) 9.9% Cl 6-18mo" 5.1% Cl 6-18mo CRB"
No AC beyond 6 months (n = 100) 4.4% Cl 6-18mo" 1.8% Cl 6-18mo CRB"
Sakamoto et al., COMMAND  Overall (n = 396)° 2.8% 4.8% n.r.
2019 VTE Registry n=11 n=19
Yhim et al., 2013 Overall (n = 83)P4 3.6% n.r n.r.
n=3

Abbreviations: AC, anticoagulation; Cl, cumulative incidence; CRB, clinically relevant bleeding (=MB+CRNMB); CRNMB, clinically relevant
non-major bleeding; DVT, deep vein thrombosis; Gl, gastrointestinal cancer; GU, genitourinary cancer; igr, interquartile range; KM, Kaplan Meier
estimate; LMWH, low molecular weight heparin; MB, major bleeding; mo., months; n.r., not reported; PE, pulmonary embolism; RVT, residual vein
thrombosis; sd, standard deviation; VTE, venous thromboembolism.

If not otherwise specified, outcomes represent rates between 6 and 12 months after index VTE.
Bold writing has been used to underline overall outcome rates as opposed to subgroups.
@Refers to patients with staging information available.

Overall rates for recurrent VTE and mortality comprise patients with index PE/positive RVT at 6 months who underwent second randomization
(n =92) + patients with index DVT/RVT negative at 6 months (n = 35); Overall bleeding rates comprise only patients with index PE/positive RVT at
6 months who underwent second randomization.

‘Index DVT/RVT negative at 6 months (n = 35): 6 patients with additional anticoagulation treatment beyond 6 months.
dCombined mean and SD from subgroups.

®VTE related death: 1 patient in the edoxaban group and 1 patient in the dalteparin group. No bleeding-related death reported.
fRate of minor bleeding.

8Mortality in the Cancer-DACUS study reported for 12 months post randomization (6-18 months post index event).

PNumber at risk for recurrent VTE at 6 months; patient characteristics from full study cohort (n = 247).

iINumber at risk for major bleeding at 6 months: 189.

i1 fatal recurrent PE, 2 fatal bleeding events; Mortality based on number of patients who completed 6 months follow-up (n = 198).
KXNumber at risk for recurrent VTE at 6 months: 194.

'Patients with cancer at risk 6 months after index DVT according to KM risk table, patient characteristics from full study cohort at month O (n = 181).
™WTE recurrence, bleeding events, and deaths were documented in 418, 415, and 430 patients, respectively.

"Reported rates of recurrent VTE in subgroups and CRB represent Kaplan-Meier cumulative incidence estimates from month 6 to month
18 after index VTE.

°Baseline characteristics at baseline (Month 0) of the total active cancer subgroup (n = 695).
PBaseline characteristics at baseline (Month 0) of total cohort (n = 449).
INumber at risk at 6 months: 396 for VTE, 398 for MB, 428 for mortality.
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Mortality (6-12 mo)

n.r.

22.3%
n=96

26.3% (KM)

25.2% (KM)
16.2% (KM)

19.2
n =82

n.r.

AC beyond 6 mo
100%

68.9%

68.9%

100%
0%
79.8%

100%

Age, female (%)

Mean (sd): 65 (11), F: 54%

Mean (sd): 67 (13), F: 52%

Med. (igr): 63 (55-70),
F: 52%

Mean (sd): 67 (12), F: 60%

Med (range): 65 (27-91),
F:46%

ECOG0-1

41%

Cancer types

Gl 20%
Breast 19%
GU 26%
Hem 19%
Lung 15%
Brain 6%

Gl 31%
Breast 17%
GU 26%
Hem 7%
Lung 20%

Gl 28%
Breast 8%
GU 18%
Hem 20%
Lung 13%
Prostate 5%

Gl 31%
Breast 4%
GU 21%
Hem 9%
Lung 16%
Prostate 5%

GI 57%
Breast 5%
GU 9%
Lung 30%
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Advanced cancer
stage®

37% Stage IV
(,ex-tensive")

74% metastatic

44% metastatic

49% metastatic /
terminal stage

72% palliative
chemo-therapy
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A
Study Item 1 Item 2 Item 3 Item 4 Item 5 Overall Comment
SELECT-D 12m @ [€5) [ [€)) @) Second randomisation based on RVT
Hokusai VTE Cancer v [ 4+ @ )
Cancer-DACUS 4+ 4+ o+ o+ @D Randomisation based on RVT

Low risk Item1 Randomisation process
Some concerns Item 2 Deviations from the intended interventions
High risk Item 3 Missing outcome data
Item 4 Measurement of the outcome
Item 5 Selection of the reported result
B
Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Comment
TiCat o+ ! o+ (€] ! () <& 4
DALTECAN @ ! (&5 @ ! 4 o+ o+
Poudel et al. o+ ! @ 4 1 1 () )
Prandoni et al. ’ ! o+ 5 ! Q (5] ! Index DVT only
UscAT @ ! @ @ ! @ @ @
Schmidt et al. @ ! [ (5] ! @@ o+ @
COMMANDVTE | @D ! 4+ o+ I (€3] (&) @ Sympomativ index VTE only
Yhim et al. (= 1 4+ @ 1 4+ @ ] Patients with advanced cancer only
o+ Low risk
! Not given / applicable Item 1 Representativeness of the exposed cohort
[ =) Concerns Item 2 Selection of the non-exposed cohort
Item 3 Ascertainment of exposure
Item 4 Demonstration that outcome of interest was not present at the start of the study
Item 5 Comparability of cohorts on the basis of the design or analysis
Item 6 Assessment of outcome
Item 7 Was follow-up long enough for outcomes to occur?
Item 8 Adequacy of follow up of cohorts

FIGURE 2 Risk of bias assessment. A, Risk of bias assessment of randomized controlled trials based on the RoB 2 assessment tool. B,
Risk of bias assessment of single-arm trials and cohort studies based on the Newcastle-Ottawa Scale. DVT, deep vein thrombosis; RoB 2,

Cochrane Risk of Bias Tool; RVT, residual vein thrombosis

6 months after index VTE. In USCAT, 2.7% (11/415) and 2.4% of pa-
tients (10/415) experienced MB and CRNMB, respectively. In the
study by Schmidt et al., bleeding rates between 6 and12 months
were not extractable from the manuscript. For the 6-18 months
post index VTE period, cumulative incidences of clinically relevant
bleeding (MB+CRNMB) were 4.1% in all patients, 5.1% in those re-
ceiving anticoagulation, and 1.8% of those without anticoagulation
beyond 6 months. In the COMMAND VTE registry, MB occurred in
4.8% (19/398) of patients. Figure 4 provides an overview of reported
rates of MB between 6 and 12 months after index VTE, with de-
tailed rates provided in Table 2. Further, the rates of major bleeding
events structured by the receipt of anticoagulation therapy beyond

6 months are provided in Table S3 in supporting information.

4 | DISCUSSION

In this systematic review, we provide a comprehensive and struc-
tured summary of the published data on recurrent VTE and bleed-
ing events specifically for the 6- 12-month period after diagnosis
of cancer-associated VTE. Management of patients with cancer-
associated VTE beyond 6 months after the index event is chal-
lenging in clinical practice, due to the paucity of dedicated studies

assessing extended anticoagulation treatment in this setting. This
structured summary of the best available evidence can help to
guide clinical decision-making in this common and difficult clinical
scenario.

Our systematic literature review identified two important issues.
First, there are few studies specifically reporting rates of recurrent
VTE and/or bleeding between 6 and 12 months. We found 11 stud-
ies assessing the risk of recurrent VTE and bleeding in this period.
Additional studies evaluating extended anticoagulation treatment or
reporting outcomes from observation periods longer than 6 months
were identified (Table S4 in supporting information). However,
the timeframes were heterogeneous and did not allow extraction
of data for the 6- to 12-month period. The timeframe between 6
and 12 months after index VTE was selected a priori because of the
availability of high-quality data up to 6 months after index VTE and
to create a comparable timeframe for studies reporting outcomes
beyond the initial 6 months. Second, we found that the eligible
studies vary substantially in design, inclusion and exclusion criteria,
characteristics of study cohorts, and anticoagulation strategies, pre-
venting the direct comparison of reported outcome rates. Of note,
several identified studies did not specifically focus on the 6- to 12-
month period but rather provide post hoc or subgroup analyses for
this timeframe.
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Study ES (95% Cl) N  VTE Setting
SELECT-D B — 8.70 (4.47, 16.23) 2 8 RCT (RVT)

- PE/RVT -= Rivaroxaban —_—— 4.35(1.20, 14.53) 446 2

- PE/RVT -> Placebo —p 13,04 (6.12, 25.67) 46 6

- DVT, no RVT QP 0.00 (0.00, 9.89) 35 0

Hokusai VTE Cancer |4 2.12(1.21, 3.66) 567 12 RCT

- Edoxaban > 1.36 (0.53, 3.45) 294 4

- Dalteparin - 2.93(1.49,5.67) 273 8
Cancer-DACUS -— 6.92 (4.69, 10.08) 347 24 RCT(RVT), index DVT

- RVT -> LMWH —— 3.36(1.31,8.32) 19 4

- RVT -> disc. LMWH —_— 14.63 (9.46, 21.95) 123 18

-no RVT — 1.90 (0.52, 6.68) 105 2
TiCat [— 1.09 (0.30, 3.88) 184 2 Single-arm interventional
DALTECAN - 4.32(2.21,8.30) 185 8 Single-arm interventional
Poudel et al. —— 11.97 (8.69, 16.26) 284 34 Prospective cohort study

- AC beyond 6mo ——— 12.04 (8.16, 17.42) 191 23

- no AC beyond 6mo —_— 11.83 (6.73, 19.95) 93 1

Prandoni et al. —— 3.26 (1.12,9.15) 92 3 Prosp. cohort study, index DVT
USCAT - 5.74 (3.89, 8.40) 418 24 Retrospective cohort study
Schmidt et al. - 5.28 (3.32,8.29) 322 17 Retrospective cohort study
COMMAND VTE - 2.78 (1.56, 4.90) 396 11 Registry, index symp. VTE
Yhim et al. —— 3.61(1.24, 10.10) 83 3 Reqgistry, advanced cancer

| I I B B |

0 5 10 15 20 25
Recurrent VTE (%)

FIGURE 3 Recurrent VTE between 6 and 12 months after index VTE. AC, anticoagulation; ES (95% Cl), estimated proportion and
corresponding 95% confidence interval; DVT, deep vein thrombosis; LMWH, low molecular weight heparin; PE, pulmonary embolism;
RCT, randomized-controlled trial; RVT,: residual vein thrombosis; VTE, venous thromboembolism

In general, the rate of recurrent VTE beyond 6 months was highly
variable, with reported rates between 1% and 12%. Importantly,
anticoagulation strategies for patients in most included studies dif-
fered and therefore, no general quantitative estimate of the baseline
risk of recurrence between 6 and 12 months after cancer-associated
VTE for patients on or off anticoagulation can be made. In summary,
the reported risk of recurrent VTE between 6 and 12 months in pa-
tients receiving anticoagulation therapy ranged between 1% to 4%
in three randomized controlled trials and two single-arm interven-
tional studies,?>?” with a higher risk of 12% reported in one pro-
spective observational study.28 This high recurrence risk reported by
Poudel et al. might be explained by underlying differences in cohort
characteristics, including a relatively high proportion of patients
with stage IV cancers and tumor types with known elevated rates of
both primary and recurrent risk of VTE.*3

Regarding patients without anticoagulation treatment, in the
two RCTs using the presence of RVT at 6 months post index VTE as
the qualifier for randomization, the highest rates of VTE recurrence
were reported in the subgroups of patients with RVT randomized
to receive placebo (13%) or to discontinue anticoagulation beyond
6 months (15%). In contrast, in patients without RVT, no recurrent
VTE events in SELECT-D (n = 35; 6 patients received anticoagula-
tion treatment beyond 6 months), and only a 1.9% recurrence risk in
Cancer-DACUS (n = 105, no anticoagulation) was reported between

6 and 12 months.?3?° These findings might suggest a very low risk
of recurrent VTE in patients with index DVT and no RVT present
at 6 months after the initial event. However, important limitations
apply for both trials evaluating a RVT-based strategy, with most
patients having undergone cancer surgery and only a minority of
patients with distant metastatic disease in Cancer-DACUS, limiting
its generalizability, and the small sample size of patients undergoing
second randomization at 6 months in the SELECT-D trial, which led
to the preterm discontinuation of patient recruitment.

Overall, reported risk of recurrent VTE between 6 and
12 months is lower than the risk in the first 6 months after the
index event. For example, in Hokusai VTE Cancer, recurrent VTE
occurred in 7.6% of patients until month 6, compared to 2.1% be-
tween months 6 and 12 in those continuing trial treatments be-
yond 6 months.”?* In TiCAT, VTE recurrence occurred in 4.5% of
patients between 0 and 6 months, and 1.1% of patients between 6
and 12 months.?® In DALTECAN, the respective recurrence rates
were 8.7% until month 6 and 4.1% from 6-12 months.?’” In the
COMMAND VTE registry, the recurrence rate at month 6 was
7.8% and between months 6-12 it was 2.8%. Finally, Yhim et al.
reported VTE recurrence rates of 11.1% at 6 months and 3.6%
from 6-12 months.3132

Extended anticoagulation treatment during 6-12 months was
found to have an acceptable safety profile, with rates of MB between
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Study ES (95% Cl) N MB Setting

SELECT-D - 2.17 (0.60, 7.58) 92 2 RCT (RVT)

- PE/RVT -> Rivaroxaban —_—— 4.35(1.20, 14.53) 46 2

- PE/RVT -> Placebo *”r— 0.00 (0.00, 7.71) 46 0

Hokusai VTE Cancer *> 1.76 (0.96, 3.22) 567 10 RCT

- Edoxaban - 2.38(1.16, 4.83) 294 7

- Dalteparin [— 1.10(0.37, 3.18) 243 3

Cancer-DACUS *- 1.73(0.79, 3.72) 347 6 RCT (RVT), index DVT

- RVT -> LMWH snlppu— 3.36(1.31,8.32) 19 4

- RVT -> disc. LMWH — 0.81(0.14, 4.46) 123 1

-no RVT [o— 0.95 (0.17, 5.20) 105 1

TiCat - 2.65(1.14,6.04) 189 5 Single-arm interventional

DALTECAN - 4.32(2.21,8.30) 185 8 Single-arm interventional

Poudel et al. - 1.76 (0.75, 4.05) 284 5 Prospective cohort study

- AC beyond 6mo - 2.09 (0.82, 5.26) 191 4

- no AC beyond 6mo [o—— 1.08 (0.19, 5.84) 93 1

USCAT - 2.65(1.49, 4.68) 415 1 Retrospective cohort study

COMMAND VTE - 4.77 (3.08,7.34) 398 19 Registry, index symp. VTE

T 1T T 1

0 5 10 15 20 25
Major Bleeding (%)

FIGURE 4 Major bleeding between 6 and 12 months after index VTE. Three studies did not report rates of MB between 6 and 12 months
(Prandoni et al., Schmidt et al., Yhim et al.). Number at risk for major bleeding varies from the number at risk for recurrent VTE in TiCAT,
USCAT, and COMMAND VTE. AC, anticoagulation; ES (95% Cl), estimated proportion and corresponding 95% confidence interval; DVT,
deep vein thrombosis; LMWH, low molecular weight heparin; MB, major bleeding; PE, pulmonary embolism; RCT, randomized-controlled

trial; RVT, residual vein thrombosis; VTE, venous thromboembolism

1% and 4% in patients receiving anticoagulation, compared to rates
between 0% and 1% in those without anticoagulation. These rates
are generally lower than the MB risk observed in the first 6 months
after index VTE, with rates of 4.2% in SELECT-D, 4.4% in Hokusai
VTE Cancer, 2.8% in TiCAT, 7.8% in DALTECAN, and 9.1% in the
COMMAND VTE Registry during this timeframe.”10:26:27:31

We hypothesize that survival bias and sampling bias may par-
tially explain the observed decrease in rates of both recurrent VTE
and bleeding in the 6- to 12-month time period compared to the first
6 months. Patients with advanced cancer are at a higher baseline
risk of a first VTE event than patients with non-metastatic cancer
and also risk of VTE recurrence, bleeding, and mortality is increased
in patients with more advanced disease.*>3* Therefore, patients sur-
viving beyond the initial 6-month period of cancer-associated VTE
might represent a lower risk population. Further, several studies
only reported the first event of VTE recurrence or bleeding during
follow-up after the index VTE as outcome event and therefore, a
bias toward a lower risk population observed between 6-12 months
might occur.

The observed risk of VTE recurrence balanced against the risk of
bleeding during extended anticoagulation supports current guide-
line recommendation to continue treatment beyond 6 months of
the index VTE event in patients with cancer, based on an individu-
alized risk-benefit evaluation (e.g., if the cancer is still active).>” For

instance, recent guidance by the American Society of Hematology
(ASH) suggests continuing anticoagulation for secondary preven-
tion beyond 6 months in patients with active cancer in the absence
of contraindications. Discontinuation of long-term anticoagulation
after cancer-associated VTE can be considered individually in the
absence of ongoing high risk for recurrent VTE.” Accordingly, the
American Society of Clinical Oncology (ASCO) guidelines state that
continued anticoagulation beyond 6 months should be offered to
patients with active cancer, including metastatic disease or ongo-
ing chemotherapy treatment based on continued assessment of
risks and benefit.° The International Initiative on Thrombosis and
Cancer (ITAC) practice guidelines suggest using an individual risk-
benefit evaluation, tolerability, patient preference, and cancer ac-
tivity status to decide whether to continue or stop anticoagulation
at 6 months after cancer-associated VTE.> A lower threshold to con-
tinue anticoagulation beyond 6 months in patients with suspected
ongoing risk for VTE recurrence is further supported by a higher
case-fatality rate of recurrent VTE compared to bleeding events in
patients with cancer.®* An overview of these guideline statements
is provided in Table S5 in supporting information. However, future
dedicated studies are needed to better characterize which patients
with cancer continue to be at high risk for VTE recurrence and, thus,
need extended anticoagulation treatment, and which patients might
be candidates to discontinue anticoagulation safely at 6 months. In
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addition, given the efficacy of reduced dose or prophylactic dose
anticoagulation at 6 months after index VTE events in selected sub-

sets of patients,35’36

comparative studies evaluating the optimal
anticoagulation strategy for the long-term secondary prophylaxis
in patients after a diagnosis of cancer-associated VTE are needed.
In this regard, the ongoing randomized controlled API-CAT study
(ClinicalTrials.gov NCT03692065), comparing standard-dose to low-
dose apixaban after 6 months post index VTE, may provide import-
ant information on net clinical benefit of reducing anticoagulation
doses after 6 months. Further, the value of RVT as prognostic tool
to select patients for extended anticoagulation treatment needs to
be clarified.

This systematic review of the literature has some pertinent lim-
itations. Due to the observed heterogeneity between identified
studies, we were unable to provide an aggregated quantitative esti-
mate of VTE recurrence and bleeding rates. Further, the designs of
identified studies did not allow aggregated comparative analysis be-
tween different management strategies, including a comparison of
continuing versus discontinuing anticoagulation, or comparing dif-
ferent types of anticoagulation. Additionally, by specifically focus-
ing on the 6- to 12-month timeframe post index VTE, our findings
cannot be extrapolated to other timeframes. Finally, most identified
studies had a non-randomized design and therefore, subgroup com-
parisons of anticoagulation treatments in these studies are infeasible
due to underlying indication bias.

In conclusion, in this systematic review of the literature, we found
heterogeneous risk of recurrent VTE between 6 and 12 months after
index cancer-associated VTE, with the highest risk reported in pa-
tients discontinuing anticoagulation. Further, low bleeding rates in
patients receiving extended anticoagulation therapy were reported.
These findings support current guideline recommendations to ex-
tend anticoagulation beyond 6 months in patients with ongoing ac-

tive cancer based on an individualized risk-benefit evaluation.
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