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Abstract

Venous thromboembolism (VTE) is a frequent complication in patients with cancer and a major cause of morbidity
and mortality in this population. The risk of developing VTE in cancer patients varies according to the stage and
type of cancer and increases during cancer treatment. Even with traditional anticoagulant therapy, patients with
cancer and venous thromboembolism are more likely to experience recurrences and major bleeding compared with

patients without malignant disease. Traditional treatment with low—molecular-weight heparins is associated with a

lower recurrence rate of venous thromboembolism compared with vitamin K antagonists, but with a similar rate of

major bleeding and extremely low adherence. In this context, studies on direct oral anticoagulants have emerged,

leading to the development of guidelines that include them as a treatment option for managing cancer-associated

venous thromboembolism.
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Introduction

The presence of active cancer is associated
with a 4- to 7-fold increase in the risk of devel-
oping venous thromboembolism (VTE) [1]. Moreo-
ver, patients with cancer account for 20% to 30%
of new VTE cases in the general population [2].
VTE-related mortality is 2-3 times higher among
oncologic patients [1].

Initiating anticoagulant therapy in this cat-
egory of patients represents a real challenge, as
outcomes are poorer compared with those in pa-
tients without cancer. Even with traditional anti-
coagulant therapy, patients with cancer and diag-
nosed VTE are more likely to develop recurrent
VTE and major bleeding than patients without
malignancies. Thus, the risk of VTE recurrence is
more than three times higher [3], the risk of major

bleeding doubles [3], and the risk of mortality is
approximately threefold higher [1].

The risk of developing VTE in neoplastic dis-
eases depends on several factors—related to the
patient, the treatment administered, the loca-
tion of the cancer, as well as certain biomarkers.
The most important patient-related factors in-
clude obesity, poor nutrition, advanced age, race,
the presence of genetic mutations (e.g., Factor V
Leiden), chronic diseases, and a history of throm-
boembolic events [4]. Treatment-related factors
include chemotherapy, anti-angiogenic agents,
hormone therapy, surgical interventions, radio-
therapy, blood transfusions, central venous cathe-
ters, immobilization, and hospitalization [5].

The location of the cancer is another determi-
nant factor. The risk is particularly high in cancers
of the esophagus, stomach, pancreas, and biliary
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tract. There is also an increased risk in lung, gy-
necologic, testicular, renal, bladder, intracranial,
and hematologic malignancies. In colorectal can-
cer, the risk is considered intermediate [4, 5]. The
histologic grade of the tumor, cancer stage, the
presence of metastases, and time since diagnosis
are also important factors [5]. Elevated levels of
certain biological biomarkers—such as D-dimers,
P-selectin, prothrombin fragments 1+2, C-reactive
protein, and hematologic elements (e.g., platelet
count, hemoglobin, leukocytes)—are further indi-
cators of increased thrombotic risk [4, 5].

Treatment with low-molecular-weight
heparins (LMWH)

Several important studies have evaluated
low-molecular-weight heparins (LMWHs) com-
pared with warfarin in cancer patients with VTE:
CLOT (dalteparin), LITE (tinzaparin), ROMERA (tin-
zaparin), CATCH (tinzaparin), ONCENOX (enoxa-
parin), and CANTHANOX (enoxaparin). It is worth
mentioning that the CLOT study, which used
dalteparin, was a pivotal trial that led to LMWHs
being established as the standard of care for pa-
tients with cancer-associated VTE [6, 7].

A meta-analysis that included all these stud-
ies demonstrated that the use of LMWHs is as-
sociated with a lower recurrence rate of venous
thromboembolism compared with vitamin K an-
tagonists but with a similar rate of major bleed-
ing [8]. Furthermore, real-world data have shown
very low adherence when LMWHs are prescribed
for six months. A real-world Canadian study con-
ducted across 12 centers, which included 868 out-
patients, found that only 60% of patients received
LMWH monotherapy, and after three months,
only 43% remained on this treatment [9]. Similar-

ly, data from European clinical practice show that
in a prospective, multicenter study including 372
cancer patients with VTE who received LMWH
therapy for up to 180 days, one in five discontin-
ued treatment due to adverse effects [10].

Treatment with direct oral
anticoagulants (DOACs)

In this context, in which studies have shown
no reduction in major bleeding with prolonged
therapy using low-molecular-weight heparins
compared with vitamin K antagonists, increasing
attention has been given to the potential bene-
ficial role of direct oral anticoagulants (DOACsS).
Therefore, further analyses of established clinical
trials involving DOACs in VTE were required, fo-
cusing on the subset of patients with cancer who
had been included.

A meta-analysis of the sub-analyses from
phase III clinical trials demonstrated that DOACs
were non-inferior to vitamin K antagonists for the
treatment of VTE in cancer patients, without in-
creasing the risk of major bleeding [11]. Six studies
were analyzed: two with dabigatran (RE-COVER I
and II), two with rivaroxaban (EINSTEIN-DVT and
EINSTEIN-PE), one with edoxaban (Hokusai),
and one with apixaban (AMPLIFY). These stud-
ies included a total of 1,132 patients with cancer
and VTE.

In the next stage, studies specifically dedi-
cated to patients with malignancies and VTE be-
gan to appear (Table 1).

The Hokusai-Cancer study compared the
efficacy of edoxaban with that of a low-molecu-
lar-weight heparin, dalteparin [12]. Orally admin-
istered edoxaban was non-inferior to subcutane-
ous dalteparin regarding the composite endpoint

Table 1. Major studies with DOACs in patients with cancer and VTE.

Completed Number of
studies patients ERSiel
. Randomized,
Elokusal—VTE 1050 open-label,
ancer SR
non-inferiority
Prospective,
SELECT-D 406 randomlzed, open—label,
blinded primary
endpoint (PROBE), pilot
ADAM-VTE 300 Randomized, open

CARAVAGGIO 1170 PROBE, non-inferiority

VTE - Venous thromboembolism.

. Primary Duration of
DOAC Comparison objective treatment
Composite of
Edoxaban Dalteparin recurrent V.TE 12 months
and/or major
bleeding
Rivaroxaban  Dalteparin Recurrent 6 months
VTE
Apixaban Dalteparin Majqr 6 months
bleeding
Apixaban Daltepatin Re(i}lr;}rzent 6 months
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of recurrent venous thromboembolism or major
bleeding. The rate of recurrent venous thrombo-
embolism was lower, but the rate of major bleed-
ing was higher in the edoxaban group than in the
dalteparin group (6.1% vs. 3.1%) [12]. Gastrointes-
tinal bleeding occurred in 4.2% of patients treat-
ed with edoxaban compared with 1% among those
receiving dalteparin. The frequency of life-threat-
ening or fatal hemorrhage was similar between
edoxaban (1.9%) and dalteparin (2.1%) [12].

The efficacy of rivaroxaban was evaluated in
the Select-D study. Treatment with rivaroxaban
was associated with a relatively lower recurrence
rate of VTE but with a higher rate of major and
clinically relevant non-major bleeding compared
with dalteparin [13]. Patients with esophageal or
gastroesophageal cancer tended to experience
more major bleeding under rivaroxaban than un-
der dalteparin (36% vs. 11%). Consequently, these
cancer types were later excluded from enrollment
as a precautionary measure [13].

Apixaban was compared with dalteparin in
the ADAM-VTE study, in which the primary end-
point was the rate of major bleeding [14]. The study
concluded that oral apixaban was associated with
low rates of major bleeding and VTE recurrence in
the treatment of VTE among cancer patients [14].

Another trial investigating apixaban, the CAR-
AVAGGIO study, also compared it with dalteparin
in patients with cancer-associated VTE [15]. The
study found that apixaban was non-inferior to
dalteparin in preventing recurrent VTE in patients
with cancer-associated thrombosis and showed a
slightly higher event-free survival rate. Likewise,
the rates of clinically relevant non-major bleeding,
both gastrointestinal and non-gastrointestinal,
were comparable between the two anticoagulant
classes.

In a retrospective study including 5,100 pa-
tients with VTE and cancer, therapy with DOACs
was associated with a 50% reduction in the risk of
VTE recurrence compared with LMWH and war-
farin. Furthermore, treatment with DOACs was
linked to a 60% reduction in all-cause mortality
compared with LMWH. The risks of major and gas-
trointestinal bleeding were also lower among pa-
tients treated with DOACs than with LMWH [16].

A particular challenge is represented by pa-
tients with acute pulmonary embolism and pri-
mary or metastatic brain tumors, who have a high
risk of recurrent VTE. However, initiating antico-
agulant therapy in these patients increases the
risk of intracranial hemorrhage (ICH). Several me-
ta-analyses have shown that the baseline (non-an-
ticoagulated) risk of ICH is higher in patients with
metastatic brain cancer than in those with prima-
ry brain tumors, and that anticoagulant therapy is
associated with an increased risk of both overall
and major ICH in patients with primary brain can-
cer, but not in those with metastatic brain cancer

[17-19]. Furthermore, the risk of ICH is lower in
patients with primary or metastatic brain tumors
treated with DOACs compared with those treated
with LMWH [17-19].

Treatment after 6 months

The risk of recurrent venous thromboembo-
lism (VTE) in patients with cancer-associated VTE
may persist beyond six months [20]. This is par-
ticularly true in patients with active or metastatic
cancer. In these cases, treatment with direct oral
anticoagulants (DOACs) should be continued be-
yond six months — as extended therapy. Unfortu-
nately, most pivotal clinical trials on DOACs were
conducted over only a six-month period.

A meta-analysis published in 2023 showed
that discontinuation of anticoagulant therapy in
patients with cancer-associated VTE was linked to
recurrence rates of 8.3% at 1 year, 31.1% at 2 years,
35% at 3 years, and 35% at 5 years after treatment
cessation [21]. Real-world evidence also supports
the benefit of extended anticoagulation beyond
six months, showing reduced rates of VTE recur-
rence [22].

In 2024, results of the EVE trial were pub-
lished, comparing long-term (1-year) efficacy of
apixaban 2.5 mg vs. 5 mg twice daily. The primary
endpoint was the composite of major and clinically
relevant non-major bleeding [23]. The study con-
cluded that in secondary prevention of cancer-as-
sociated VTE, apixaban 2.5 mg twice daily did not
reduce the rate of combined bleeding events com-
pared with the 5 mg twice-daily dose [23].

The API-CAT study, published in 2025, evalu-
ated the same apixaban doses over one year. Ex-
tended anticoagulation with reduced-dose apix-
aban was non-inferior to full-dose apixaban for
prevention of VTE in patients with active cancer.
The lower dose led to a reduced incidence of clin-
ically relevant bleeding complications compared
with standard dosing [24].

Treatment with edoxaban for 12 months in
the ONCO DVT trial, dedicated to patients with
cancer-associated isolated distal deep vein throm-
bosis, proved consistently superior to a 3-month
regimen in reducing thrombotic risk. However,
caution was advised with the standard edoxaban
dose due to the potential for increased bleeding
risk with prolonged anticoagulation [25].

A meta-analysis including these three major
studies concluded that regarding VTE recurrence,
bleeding events, and all-cause mortality, re-
duced-dose DOACs demonstrated a safety profile
comparable or superior to full-dose regimens [26].

Taken together, these findings support the
approach that when extended therapy beyond six
months is considered for cancer-associated VTE,
low-dose DOACs should be preferred.
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What do the guidelines say?

Acknowledgments

In the 2022 ESC Guidelines on
Cardio-Oncology, developed in collaboration with
the European Hematology Association (EHA), the
European Society for Radiotherapy and Oncology
(ESTRO), and the International Cardio-Oncology
Society (IC-0OS), the following recommendations
are provided regarding anticoagulant therapy in
patients with cancer-associated VTE [27]:

* Apixaban, edoxaban, or rivaroxaban are
recommended for the treatment of symp-
tomatic or incidentally discovered VTE in
cancer patients, provided there are no
contraindications;

* Low-molecular-weight heparins (LMWHs)
are recommended for the treatment of
symptomatic or incidentally discovered
VTE in cancer patients with a platelet
count >50,000/pL;

* In patients with cancer and a platelet
count between 25,000 and 50,000/uL,
half-dose LMWH anticoagulation may
be considered after multidisciplinary
discussion;

e Extension of anticoagulant therapy be-
yond 6 months should be considered in
selected patients with active cancer, in-
cluding those with metastatic disease;

* For catheter-associated VTE in cancer
patients, anticoagulant therapy is recom-
mended for at least 3 months and may be
extended as long as the catheter remains
in place;

* In ambulatory cancer patients receiv-
ing systemic therapy and at high risk of
thromboembolism, prophylactic therapy
with DOACs (apixaban or rivaroxaban)
or LMWH may be considered, provided
there is no significant bleeding risk.

Additionally, the AHA /ACC guidelines high-
light that in patients with primary or metastatic
brain tumors and acute pulmonary embolism who
are candidates for oral anticoagulation, a DOAC
may be considered instead of LMWH to reduce
the risk of intracranial hemorrhage (ICH) [28].

Conclusion

In conclusion, in patients with cancer-asso-
ciated VTE, the initiation of anticoagulant thera-
py is associated with a higher risk of recurrence,
bleeding, and mortality compared to patients with
non-cancer-associated VTE. Based on the results
of studies in cancer-associated VTE using DOACs,
guidelines have been developed, some of which
have been recently updated, supporting the safe
use of this drug class.
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