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Abstract: Cancer is a major risk factor for venous thromboembolism (VTE), and cancer-associated thrombosis (CAT) constitutes 
approximately 15–25% of all VTE cases. For decades, the standard treatment for CAT used to be daily subcutaneous low molecular 
weight heparin (LMWH). Data on the safety and efficacy of the direct oral anticoagulants (DOACs) in this population emerged only in 
recent years and specific DOACs were included into recent guidelines recommendations. In this narrative review of the literature, we 
reported the results of the phase III randomized controlled trials that evaluated the DOACs for the prevention and the acute treatment 
of CAT. For the acute phase treatment, the anti-Xa inhibitors (apixaban, edoxaban, rivaroxaban) showed better efficacy than LMWH in 
preventing VTE recurrence; however, rivaroxaban and edoxaban were also associated with an increased risk of bleeding events. For 
primary prevention of CAT in ambulatory cancer patients starting chemotherapy, apixaban and rivaroxaban showed better efficacy than 
placebo but a trend towards higher bleeding rates. Recent guidelines suggest the DOACs for the treatment of CAT in selected cancer 
patients (eg, low bleeding risk, no luminal gastrointestinal or genitourinary malignancies, no interfering medications). The DOACs are 
also suggested for primary thromboprophylaxis in selected ambulatory cancer patients at high risk of VTE (eg, Khorana score ≥2 prior 
to starting new chemotherapy, low bleeding risk, no interfering medications).
Keywords: cancer, venous thromboembolism, apixaban, edoxaban, rivaroxaban

Introduction
Cancer is a major risk factor for venous thromboembolism (VTE), and cancer-associated thrombosis (CAT) constitutes 
approximately 15–25% of all VTE cases.1 Active cancer has been recently defined as cancer with ongoing treatment, 
evidence of treatment failure, or not receiving potentially curative treatment.2 Patients with active cancer have been 
shown to carry a significantly higher risk burden of recurrent VTE and bleeding, compared to patients with a history of 
cancer.3

For decades, the standard treatment for CAT used to be daily subcutaneous low molecular weight heparin (LMWH) for at 
least 6 months. However, recent guidelines have also included specific direct oral anticoagulants (DOACs) for this indication.4,5

The DOACs for VTE treatment were approved around 10 years ago; however, patients with active cancer were 
excluded from the initial large phase III randomized controlled trials (RCTs) that led to the marketing authorization of 
the DOACs. Thus, data on the safety and efficacy of the DOACs in this population emerged only in recent years.

We aimed to review the current evidence on the use of the DOACs in the prevention and the acute treatment (first 
months) of CAT.
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The Direct Oral Anticoagulants
Pharmacological Properties
The DOACs are a group of oral anticoagulants that target specific coagulation factors, namely factor Xa (ie apixaban, 
edoxaban, rivaroxaban) or thrombin (ie dabigatran).6 The DOACs have a rapid onset of action, with peak plasma concentra-
tion levels reached within 2 hours from administration. They have relatively short half-lives, with trough plasma concentra-
tions generally reached within 12–24 hours from the last administration.7 Different DOACs have different degrees of renal 
versus non-renal clearance (Table 1). They are all substrates of the transporter P-glycoprotein (P-gp), while apixaban and 
rivaroxaban also have hepatic metabolism via the cytochrome P450 (particularly CYP3A4).8 Thus, the concomitant admin-
istration of P-gp or CYP3A4 inhibitors may result in increased DOAC plasma concentrations, while the concomitant 
administration of P-gp or CYP3A4 inducers may result in reduced plasma concentrations.9 Advantages and disadvantages 
of the DOACs compared to vitamin K antagonists (VKAs) and LWMH are summarised in Figure 1.

Of note, cancer patients might have comorbidities which contraindicates the use of the DOACs. Due to their high degree of 
renal clearance, the DOACs should not be used in patients with end-stage chronic kidney disease (creatinine clearance < 15 ml/ 
min) or on dialysis; apixaban, edoxaban and rivaroxaban can be used with caution in patients with severe renal impairment 
(creatinine clearance 15–30 ml/min), while dabigatran is contraindicated also in this category.8 The DOACs should not be used in 
patients with severe hepatic impairment (Child-Pugh class C), and rivaroxaban also in moderate hepatic impairment (Child-Pugh 
class B), due to its higher hepatic clearance.8 Finally, since the DOACs can cross the placenta and are excreted into breastmilk, 
they are contraindicated in pregnant and lactating women.10

Efficacy and Safety Profile Outside Active Cancer
The DOACs have already been studied in several RCTs for the prevention and treatment of lower extremities deep vein 
thrombosis (DVT) and pulmonary embolism (PE), both in the acute phase and secondary prevention: AMPLIFY and 
AMPLIFY-EXT;11,12 Hokusai-VTE;13 EINSTEIN-DVT, EINSTEIN-PE, EINSTEIN-Extension and EINSTEIN- 
CHOICE;14–16 RE-COVER, RE-COVER II, RE-MEDY and RE-SONATE17–19 trials.

However, patients with active malignancy were excluded or poorly represented in these RCTs (for instance, in the 
EINSTEIN trials only approximately 5% of patients had active cancer at randomization).14,15 Taken together, these 
studies showed that the DOACs, outside active cancer, are as effective as VKAs, with a better safety profile. In fact, the 
DOACs were associated with a reduction in the risk of major bleeding (MB), intracranial bleeding and fatal bleeding.20

The DOACs were also evaluated in the paediatric population (EINSTEIN-Jr21 and DIVERSITY22 trials). Compared 
to the standard of care in paediatrics (mainly LMWH, eventually switched to VKAs in 34–54% of cases), the DOACs 

Table 1 Pharmacological Properties of the Direct Oral Anticoagulants

Dabigatran Apixaban Edoxaban Rivaroxaban

Mechanism of Action Thrombin Inhibitor Factor Xa Inhibitor Factor Xa Inhibitor Factor Xa Inhibitor

Prodrug Yes No No No

Bioavailability 3–7% 50% 62% 66% without food, >80% with food

Elimination half-life 12–17 h 12 h 10–14 h 5–9 h (young), 11–13 h (elderly)

Renal clearance 80% 27% 50% 35%

Non-renal clearance 20% 73% 50% 65%

Plasma protein binding 35% 87% 55% 95%

CYP3A4 substrate No Yes (~25%) Minimal (<4%) Yes (~25%)

P-glycoprotein substrate Yes Yes Yes Yes
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showed a similar safety and efficacy profile.23 However, only approximately 10% of the patients enrolled in these trials 
had active cancer or a history of cancer.

Cancer-Associated Thrombosis
Epidemiology of Cancer-Associated Thrombosis
Cancer is a strong risk factor for VTE. The risk of VTE in cancer patients is 4–7 times higher than that of non-cancer 
patients.24,25 VTE can also be the first clinical manifestation of occult malignancy; in fact, around 4% of patients have 
a malignancy discovered within 1 month after VTE diagnosis and around 6% within 1 year.26

The development of VTE in cancer patients is associated with a reduction in overall survival rate and is associated 
with a 2-time increased risk of death.27 The clinical course of VTE is more aggressive in cancer patients, with fatal PE 
being 3-times more common in cancer patients compared to non-cancer patients.28 Cancer patients have a 3.2-fold higher 
risk of recurrent VTE and a 2.2-fold higher risk of MB during anticoagulant treatment compared to patients without 
cancer.29 The risk of recurrent VTE is 2.8-fold higher in patients with locally advanced cancer and 3.3-fold higher in 
patients with metastatic cancer, compared to patients with localised cancer.30 The VTE risk is greater in non-ambulatory 
compared to ambulatory cancer patients.31 Certain types of cancer have a higher incidence of VTE (such as pancreatic, 
cerebral, gastric and ovarian cancers), while others have a relatively lower incidence (such as prostatic, breast cancer and 
melanoma).32 Differences have also been reported in the rates of VTE recurrence and MB during anticoagulant 
treatment. For instance, in patients with lung cancer, the rates of VTE recurrence are approximately 2 times higher 
than MB, while in patients with prostate cancer the rates of MB are approximately 2 times higher than VTE recurrence.33 

Several bleeding risk scores have been applied to cancer patients, however their predictive performance was poor.34

In oncological patients, VTE is frequently incidentally detected. For instance, incidental PE is found in 3.36% of 
cancer patients undergoing computed tomography for tumour staging.35 A recent meta-analysis highlighted that inci-
dental VTE in cancer patients is associated with lower rates of VTE recurrence and a trend towards higher rates of MB, 
compared to symptomatic VTE.36

Figure 1 Pros and cons of different anticoagulant drugs in cancer patients. 
Abbreviations: BID, twice daily; CAT, cancer-associated thrombosis; DOAC, direct oral anticoagulant; FFP, fresh frozen plasma; ICH, intracranial haemorrhage; INR, 
international normalised ratio; LMWH, low molecular weight heparin; MB, major bleeding; PCC, prothrombin complex concentrates; VKA, vitamin K antagonist; VTE, 
venous thromboembolism.
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Cancer is an independent predictor of non-leg DVT.37 Oncological patients have a 43-fold increased risk of upper 
extremity DVT compared to patients without malignancy.38 Upper extremity DVT is particularly common in the presence 
of indwelling central venous catheters, which are commonly used for intravenous chemotherapy, nutrition or antibiotics. 
However, cancer patients without central venous catheters still have an 18-fold increased risk of upper extremity DVT 
compared to patients without malignancy.38

Cancer is a frequent risk factor also for splanchnic vein thrombosis.39 In a large prospective cohort study of patients 
with splanchnic vein thrombosis, solid cancer was found in 22.7% and myeloproliferative neoplasms in 8.2% of 
patients.40 In addition, the prevalence of solid cancer was higher in patients with incidentally detected compared to 
symptomatic splanchnic vein thrombosis (35% vs 18%, p<0.0001).41 A study comparing cancer-associated splanchnic 
vein thrombosis versus usual site VTE noted that the most common locations of cancer were hepatobiliary and pancreatic 
in the former and gastrointestinal in the latter.42

Cerebral vein thrombosis can also be the first clinical manifestation of solid cancers, especially brain tumours,43 or 
myeloproliferative neoplasms. The presence of the Janus Kinase 2 (JAK2) V617F mutation, commonly found in 
myeloproliferative neoplasms, has been reported in 6.6% of patients with cerebral vein thrombosis.44

Biological Mechanisms and Cancer-Specific Risk Factors
From a pathophysiological point of view, CAT is a multifactorial disorder. Several procoagulant mechanisms have been 
described, such as direct activation of coagulation, inhibition of fibrinolysis, cancer-induced platelet aggregation and 
inflammatory response.45 Cancer can act on the three elements of the Virchow triad: blood stasis can be due to extrinsic 
compression by the tumoral mass on the blood vessels; hypercoagulability can be due to the production of inflammatory 
cytokines and procoagulant molecules; endothelial injury can be due to direct vessel invasion by the tumoral mass.46

In addition, cancer can coexist with other VTE risk factors (such as immobilization, indwelling central venous 
catheters, chemotherapy, radiotherapy, surgery). Chemotherapy with its different types (eg, adjuvant, antiangiogenic, 
immunomodulatory, hormonal, or erythropoiesis-stimulating drugs) is an independent risk factor for VTE.47 Cancer 
patients receiving chemotherapy have a 6.5-fold increased risk of VTE compared to the general population.24

Treatment of CAT: Acute Phase
The standard treatment for CAT was based on evidence from RCTs comparing LMWHs to VKAs. In the CANTHENOX trial, 
enoxaparin (1.5 mg/kg/daily) was associated with a non-significant reduction of MB events (7.0% vs 16.0%, p=0.09) and 
similar rates of recurrent VTE (2.8% vs 4.0%), compared to VKA during a 3-month follow-up.48 In the CLOT trial, dalteparin 
(200 IU/kg/daily for 1 month, then 150 IU/kg/daily) was associated with a 52% reduction of recurrent VTE (9% vs 17%; 
hazard ratio [HR] 0.48, 95% CI 0.30–0.77) and similar rates of MB (6% vs 4%, p=0.27), compared to VKA during a 6-month 
follow-up.49 In the ONCENOX trial, after an initial treatment with enoxaparin 1.0 mg/kg twice daily (BID), patients received 
either enoxaparin 1.0 mg/kg/daily or enoxaparin 1.5 mg/kg/daily or warfarin for 6 months.50 Numerically less patients in the 
enoxaparin groups experienced recurrent VTE during treatment compared to VKA (6.9% and 6.3% vs 10.0%, respectively). 
MB events occurred in 6.5% of patients in the enoxaparin 1.0 mg/kg/daily, 11.1% in the enoxaparin 1.5 mg/kg/daily and 2.9% 
in the VKA group.50 Finally, in the CATCH trial, tinzaparin 175 IU/kg/daily was associated with non-significantly lower 
6-month incidence of VTE recurrence (7.2% vs 10.5%; HR 0.65, 95% CI 0.41–1.03), and similar rates of MB (2.7% vs 2.4%; 
HR 0.89, 95% CI 0.40–1.99) compared to VKA.51

Until recently, LMWH was the mainstay treatment for CAT, since it has been shown to be more effective than VKAs 
in preventing recurrent VTE, and as safe as VKA in terms of MB. In particular, the CLOT trial49 is considered 
a milestone for CAT treatment and most of the RCTs evaluating the DOACs used the same dalteparin regimen as 
comparison.

Treatment of CAT: Secondary Prevention
It is still debated what is the optimal anticoagulant treatment duration in cancer patients in order to prevent recurrent VTE, 
since there are no published RCTs after the initial acute phase. The highest incidence of recurrent VTE is reported in the first 6 
months after the index event, thus the majority of cancer patients are treated for at least 6 months.52 However, cancer patients 
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with certain risk factors (such as metastatic disease, pancreatic or lung cancer, residual vein occlusion) are at particularly high 
risk of recurrence if anticoagulation is stopped after 6 months.53 A recent systematic review highlighted that VTE recurrence 
remains high after 6 months (up to 12%), while major bleeding rates are relatively low (2–5%).54

Thus, guidelines suggest that patients with active cancer or high risk of recurrent VTE should receive extended 
treatment (beyond 6 months), if no major contraindications (eg, active bleeding, severe thrombocytopenia).4 Whether 
a reduced dose of anticoagulants for the extended treatment phase might be applied to cancer patient is still debated. The 
results of ongoing RCTs (API-CAT55 and EVE56) will help to elucidate this point.

Primary Prevention in Ambulatory Patients
Given the strong association between cancer and VTE, it is discussed whether oncological patients should receive any 
type of thromboprophylaxis to prevent thrombosis from happening in the first place. For the majority of cancers, primary 
thromboprophylaxis is not routinely recommended by clinical practice guidelines4 because the absolute reduction of VTE 
risk is modest, it increases the bleeding risk, and is associated with higher costs and inconvenience. A recently updated 
Cochrane review reported that thromboprophylaxis with LMWH in ambulatory cancer patients receiving chemotherapy 
decreases the incidence of symptomatic VTE (RR 0.62, 95% CI 0.46–0.83; high-certainty evidence) but increases the 
risk of MB (RR 1.63, 95% CI 1.12–2.35; moderate-certainty evidence), compared to no thromboprophylaxis.57

Several predictive models for the risk of CAT in ambulatory cancer patients have been developed. The Khorana risk 
score58 includes the site of cancer (2 points for tumours at very high risk of VTE, such as stomach or pancreas; 1 point for 
tumours at high risk, such as lung, lymphoma, gynaecological, bladder or testicular); the pre-chemotherapy platelet count (1 
point if ≥350 x 109/L); the haemoglobin level (1 point if < 100 g/L or use of red cell growth factors); the pre-chemotherapy 
leukocytes count (1 point if >11.0 × 109/L); the body mass index (1 point if ≥ 35kg/m2). The score was originally divided 
into three categories: low risk (0 points), intermediate risk (1–2 points), and high risk (3–6 points) of VTE.58

Two evolutions of the Khorana score have been proposed. Apart from the five predictive variables of the original 
Khorana score, the Vienna Cancer and Thrombosis Study (CATS) score included elevated levels of sP-selectin (1 point if 
≥ 53.1 ng/mL) and elevated levels of D-dimer (1 point if ≥ 1.44 μg/mL) at baseline;59 while the Protecht score included 
details of the anticancer treatment (1 point if cisplatin/carboplatin-based chemotherapy or gemcitabine, 2 points if 
both).31 Another score has been proposed to predict VTE after the initiation of anticancer treatment: the COMPASS- 
CAT includes details of cancer-related risk factors (eg, specific anticancer treatment, time since cancer diagnosis, 
presence of central venous catheter, stage of cancer), predisposing risk factors (eg, cardiovascular risk factors, recent 
hospitalisation, personal history of VTE) and biomarkers (eg, platelet count).60

The performance of these prediction scores has been recently questioned.61 A systematic review and meta-analysis 
reported that the incidence of CAT, using the Khorana score, was 5.0% in the low-risk score, 6.6% in the intermediate- 
risk score and 11.0% in the high-risk score patients,62 suggesting that a relevant number of VTE events still occur in the 
low- and intermediate-risk groups. These findings contribute to the uncertainties regarding which ambulatory cancer 
patients should receive primary thromboprophylaxis.

Direct Oral Anticoagulants for the Acute Treatment of Cancer-Associated 
Thrombosis
Recent phase III RCTs specifically focused on VTE treatment in cancer patients by comparing the DOACs to the 
standard treatment with LMWH (Table 2). All these trials had an open-label design with blinded endpoint adjudication. 
Up to date, there are no RCTs evaluating dabigatran, specifically in patients with VTE and active cancer.

Rivaroxaban
In the SELECT-D pilot trial,63 406 patients with active cancer and VTE were randomly assigned to rivaroxaban (15 mg 
BID for 3 weeks, then 20 mg once daily [OD]), or to dalteparin (200 IU/kg/day for the first month, then 150 IU/kg/day). 
This pilot trial was planned as a feasibility study, without a priori statistical calculation of the sample size. At 6 months 
follow-up, rivaroxaban showed a reduction in the primary outcome of recurrent VTE (4% vs 11%; HR 0.43, 95% CI 
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Table 2 Randomized Controlled Trials Evaluating the Use of the Direct Oral Anticoagulants for the Acute Treatment of Cancer-Associated Thrombosis

Study (Year) Inclusion Criteria Patients, N Anticoagulant Treatment Treatment 
Duration 
(Median)

Outcomes

VTE 
Recurrence, 
N (%), HR* 

(95%CI)

MB, N (%), 
HR* (95%CI)

CRNMB, 
N (%), HR* 

(95%CI)

Mortality, 
N (%), HR* 

(95%CI)

SELECT-D 

2018,63

Patients with active cancer and 

symptomatic or incidental PE, 

symptomatic lower-extremity proximal 

DVT

203 Dalteparin 200 IU/kg/day for 1 month, then 150 

IU/kg/day

5.8 months 18 (11%) 6 (4%) 7 (4%) 56 (30%)

203 Rivaroxaban 15 mg BID for 3 weeks, then 20 mg 

OD

5.9 months 8 (4%), 0.43 

(0.19–0.99)

11 (6%), 1.83 

(0.68–4.96)

25 (13%), 3.76 

(1.63–8.69)

48 (25%)

HOKUSAI VTE 

CANCER 

2018,67

Patients with cancer and symptomatic or 

incidental PE, symptomatic or incidental 

lower-extremity proximal DVT

524 Dalteparin 200 IU/kg/day for 1 month, then 150 

IU/kg/day

6.0 months 59 (11.3%) 21 (4.0%) 58 (11.1%) 192 (36.6%)

522 Edoxaban 60 mg OD, after LMWH for at least 5 

days (30 mg OD if CrCl 30–50 ml/min, weight 

≤60 kg, concomitant potent P-gp inhibitors)

6.9 months 41 (7.9%), 0.71 

(0.48–1.06)

36 (6.9%), 1.77 

(1.03–3.04)

76 (14.6%), 1.38 

(0.98–1.94)

206 (39.5%), 1.12 

(0.92–1.37)

ADAM VTE 

202069

Patients with active cancer and lower or 

upper extremity DVT, PE, or unusual site 

VTE

142 Dalteparin 200 IU/kg/day for 1 month, then 150 

IU/kg/day

5.7 months 9 (6.3%) 2 (1.4%) 7 (4.2%) 15 (11%)

145 Apixaban 10 mg BID for 7 days, then 5 mg BID 5.8 months 1 (0.7%), 0.099 

(0.013–0.780)

0 (0%) 9 (6.2%) 23 (16%), 1.40 

(0.82–2.43)

CARAVAGGIO 

2020,70

Patients with cancer and symptomatic or 

incidental acute proximal DVT or PE

579 Dalteparin 200 IU/kg/day for 1 month, then 150 

IU/kg/day

5.7 months 46 (7.9%) 23 (4.0%) 35 (6.0%) 153 (26.4%)

576 Apixaban 10 mg BID for 7 days, then 5 mg BID 5.8 months 32 (5.6%), 0.63 

(0.37–1.07)

22 (3.8%), 0.82 

(0.40–1.69)

52 (9.0%), 1.42 

(0.88–2.30)

135 (23.4%), 0.82 

(0.62–1.09)

CANVAS 2021 

(abstract only)73

Patients with cancer and a diagnosis of 

symptomatic or radiographically detected 

VTE

308 Any LMWH (transition to VKA was allowed) Planned 

duration 6 

months

8.8% 4.6% NR 18.4%

330 Any DOAC Planned 

duration 6 

months

6.1% 4.6% NR 21.5%

CASTA DIVA 

2022,66

Patients with active cancer and 

symptomatic or incidental proximal DVT 

(including iliac and inferior vena cava) and/ 

or PE

84 Dalteparin 200 IU/kg/day for 1 month, then 150 

IU/kg/day

2.9 months 6 (10.1%) 3 (3.7%) 5 (6.0%) 20 (23.8%)

74 Rivaroxaban 15 mg BID for 3 weeks, then 20 mg 

OD

2.9 months 4 (6.4%), 0.75 

(0.21–2.66)

1 (1.4%), 0.36 

(0.04–3.43)

8 (10.8%) 19 (25.7%), 1.05 

(0.56–1.97)

Note: * HR are for DOAC vs LMWH. 
Abbreviations: BID, twice daily; CAT, cancer-associated thrombosis; CI, confidence interval; CrCl, creatinine clearance; CRNMB, clinically relevant non major bleeding; DVT, deep vein thrombosis; HR, hazard ratio; LMWH, low 
molecular weight heparin; MB, major bleeding; NR, not reported; OD, once daily; PE, pulmonary embolism; VKA, vitamin K antagonist; VTE, venous thromboembolism.
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0.19–0.99). Regarding the safety outcomes, it was associated with non-significantly higher rates of MB (6% vs 4%; HR 
1.83, 95% CI 0.68–4.96), but significantly higher rates of clinically relevant non-major bleeding (CRNMB) (13% vs 4%; 
HR 3.76, 95% CI 1.63–8.69) compared to dalteparin.

An interim safety analysis highlighted that the administration of rivaroxaban in patients with oesophageal or gastro-
esophageal cancers was associated with a trend towards higher rates of MB, thus these types of cancers were excluded from 
the remaining period of enrolment.63 Upper gastrointestinal bleeding events have been commonly reported in patients on 
rivaroxaban.64 Possible mechanisms include the high peak level obtained with the OD administration and the incomplete 
absorption of rivaroxaban, which is administered in its active form, leading to high local anticoagulant effect.65

In the CASTA DIVA pilot trial,66 158 patients with active cancer and a newly diagnosed symptomatic or incidental 
proximal DVT and/or PE were randomized to rivaroxaban or dalteparin (at the same dosages reported above) for 3 months. 
Rivaroxaban was associated with a non-significant 25% risk reduction of the primary outcome recurrent VTE, compared to 
dalteparin (6.4% vs 10.1%, respectively; subdistribution HR 0.75, 95% CI 0.21–2.66; p for non-inferiority = 0.13). MB or 
CRNMB occurred in 12.2% of patients in the rivaroxaban group vs 9.8% in the dalteparin group (subdistribution HR 1.27, 
95% CI 0.49–3.26). This trial was interrupted prematurely due to slower than anticipated recruitment rates, thus the predefined 
non-inferiority criterion for the primary efficacy outcome was not reached. However, the safety and efficacy profile of 
rivaroxaban was consistent with previous data.

Edoxaban
In the Hokusai VTE Cancer trial,67 1050 patients with active cancer and acute symptomatic or incidental VTE were 
randomly assigned to edoxaban (60 mg OD) after at least 5 days of LMWH or to dalteparin (200 IU/kg/day for the first 
month, then 150 IU/kg/day) for at least 6 months, and up to 12 months at the discretion of the treating physicians. 
A lower dose of edoxaban (30 mg OD) was used in patients with reduced creatinine clearance (30–50 ml/min), low body 
weight (≤60 kg), or receiving concomitant treatment with strong P-gp inhibitors. The primary outcome was a composite 
of recurrent VTE and MB, and occurred in 12.8% of patients in the edoxaban group vs 13.5% in the dalteparin group 
(HR 0.97, 95% CI 0.70–1.36; p=0.006 for non-inferiority; p=0.87 for superiority). When considering the efficacy and 
safety outcomes separately, edoxaban was associated with non-significantly lower rates of recurrent VTE (HR 0.71, 95% 
CI 0.48–1.06), but higher rates of MB (HR 1.77, 95% CI 1.03–3.04) compared to dalteparin. However, median treatment 
duration was 6.0 months in the dalteparin group vs 6.9 months in the edoxaban group (p=0.01). Subgroup analyses by 
types of cancer showed that only in patients with gastrointestinal cancer edoxaban was associated with a higher risk of 
MB than dalteparin (12.7% vs 3.6%; risk difference 9.2%, 95% CI 3.2–15.1),68 and that more than 90% of these events 
were gastrointestinal bleeding.

Apixaban
In the ADAM-VTE trial,69 300 patients with CAT were randomized to apixaban (10 mg BID for 7 days, then 5 mg BID) 
or to dalteparin (200 IU/kg/day for the first month, then 150 IU/kg/day) up to 6 months. The primary outcome MB 
occurred in 0% of patients assigned to apixaban vs 1.4% in patients assigned to dalteparin (the HR could not be 
calculated because of zero events in the apixaban group). Amongst the secondary outcomes, recurrent VTE occurred less 
frequently in apixaban compared to dalteparin patients (0.7% vs 6.3%; HR 0.099, 95% CI 0.013–0.780). However, MB 
rates were lower than expected in both treatment groups and this trial did not meet its predefined primary outcome. The 
low MB rates can be partly explained by the low proportion of patients with upper gastrointestinal malignancy enrolled in 
this trial (3.7%), and partly by the less severe population, since mortality rates were lower (11–16%) compared to the 
other CAT trials. The ADAM-VTE trial also evaluated the quality of life of anticoagulated patients and showed that 
patients on apixaban had lower overall burden and lower negative impact on their quality of life, and higher overall 
satisfaction with the anticoagulant treatment.

In the CARAVAGGIO trial,70 1170 patients with cancer and symptomatic or incidental acute proximal DVT or PE 
were randomized to apixaban or dalteparin (at the same dosages reported above) for 6 months. Apixaban was non- 
inferior to dalteparin in the primary outcome of recurrent VTE, which occurred in 5.6% vs 7.9% of patients, respectively 
(HR 0.63, 95% CI 0.37–1.07; p<0.001 for non-inferiority; p=0.09 for superiority). The rates of MB events were 
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comparable in the two groups (HR 0.82, 95% CI 0.40–1.69).70 The rates of MB were also similar in the subgroup of 
patients with gastrointestinal cancer.71

A sub-analysis of the CARAVAGGIO trial evaluating the concomitant use of anticancer drugs showed that CYP3A4/ 
P-gp inducers/inhibitors had no effect on the clinical outcomes, which occurred at similar rates in both the apixaban and 
dalteparin groups.9 Another sub-analysis evaluating the impact of renal function on clinical outcomes showed that the 
presence of renal impairment was associated with similar rates of MB in the two groups and that in patients with 
moderate renal impairment (defined as creatinine clearance 30–59 ml/min) apixaban was actually associated with lower 
rates of recurrent VTE than dalteparin (HR 0.27, 95% CI 0.08–0.96).72

Pooled Results
The CANVAS, currently published only in abstract form, was a pragmatic trial that enrolled cancer patients with a recent 
diagnosis of VTE treated with any DOAC or LMWH, and included a randomized and a preference cohort. In the 
randomized cohort, the DOACs showed similar risk of recurrent VTE (6.1% vs 8.8%; difference −2.7%, 90% CI −6.1 to 
0.7%) and MB (4.6% vs 4.6%; difference 0%, 90% CI −2.7 to 2.7%) compared to LMWH at 6-month follow-up.73

Overall, these RCTs63,66,67,69,70,73 provided evidence on the safety and efficacy profile of the DOACs for the 
treatment of acute VTE in cancer patients. Their study design is comparable and most of them used dalteparin as 
comparison. Of note, the majority of these trials were pilot studies, while the Hokusai VTE cancer and CARAVAGGIO 
trials were dedicated phase III RCTs. In general, in all trials most patients had PE as the index event; the most common 
types of tumours were colorectal, lung and breast cancers, whilst metastatic disease was present in more than half of the 
recruited patients (53–76%). However, other populations were poorly represented, such as patients with brain tumours 
(<5% of all cancers). The rates of MB in the dalteparin group were similar in the SELECT-D, CASTA DIVA, Hokusai 
VTE cancer and CARAVAGGIO trials (~4%), while they were very low in the ADAM VTE trial (~1%), a finding that 
can be partly explained by differences in the enrolled population (eg, lower prevalence of patients with upper gastro-
intestinal malignancy). Whether the results of these RCTs can be generalised to the whole population of cancer patients is 
a matter of debate, since a recent study highlighted that >50% of patients evaluated in real-life clinical practice for acute 
CAT would have not been eligible for a RCT.74

A systematic review and meta-analysis based on the results of these six RCTs (for a total of 3690 CAT patients) was 
recently published.75 Compared to LMWH, the DOACs were associated with a 33% lower risk of recurrent VTE (RR 
0.67, 95% CI 0.52–0.85), and a 66% higher risk of CRNMB (RR 1.66, 95% CI 1.31–2.09). There was also a non- 
significant 17% higher risk of MB (RR 1.17, 95% CI 0.82–1.67). Thus, the DOACs emerged as promising alternative to 
LMWH for the treatment of CAT, but caution should be exerted for patients at higher risk of bleeding, such as those with 
gastrointestinal or urothelial malignancies. Possible hypotheses have been raised to explain the higher bleeding tendency 
with the DOACs compared to LMWH, such as the local anticoagulant effect of the DOACs at the gastrointestinal 
absorption site, the lack of antithrombin which is necessary for LMWH activity in the gastrointestinal and genitourinary 
mucosae, or a possible greater anticoagulant potency of the DOACs.52 Despite the unavailability of head-to-head 
comparisons, apixaban seemed to be the DOAC associated with the lowest bleeding risk.76

Direct Oral Anticoagulants for the Prevention of Cancer-Associated 
Thrombosis
Two recent phase III double-blind RCTs evaluated the anti-Xa inhibitors for CAT prevention in ambulatory cancer 
patients (Table 3). These RCTs were placebo-controlled because current guidelines do not recommend routine thrombo-
prophylaxis for cancer patients.4

Apixaban
In the AVERT trial,77 574 ambulatory cancer patients at intermediate-high risk of VTE (defined as Khorana score ≥ 2) 
starting chemotherapy, were randomized to apixaban (2.5 mg BID) or placebo for 6 months. Apixaban was associated 
with a 59% reduction of the primary outcome of objectively diagnosed VTE compared to placebo (4.2% vs 10.2%; HR 
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0.41, 95% CI 0.26–0.65, p<0.001). However, it was also associated with a significant increase in MB rates (3.5% vs 
1.8%; HR 2.00, 95% CI 1.01–3.95; p=0.046).77 None of the MB happened in patients with upper gastrointestinal or 
colorectal tumours.78 Sub-analyses of the AVERT trial confirmed the superior efficacy of apixaban also in cancer patients 
with a central venous catheter79 and in those with metastatic disease.80

Rivaroxaban
In the CASSINI trial81 841 high-risk ambulatory cancer patients (defined as Khorana score ≥ 2), without DVT on 
ultrasound at screening and starting on a new cancer therapy, were randomized to rivaroxaban (10 mg OD) or placebo for 
6 months. Rivaroxaban was associated with a non-significant reduction in the risk of the primary efficacy endpoint (a 
composite of proximal lower extremity DVT, PE, symptomatic upper extremity DVT or distal lower extremity DVT, 
VTE-related death), which occurred in 6.0% of patients in the rivaroxaban group and 8.8% in the placebo group (HR 
0.66, 95% CI 0.40–1.09, p=0.10). There was also a non-significant increase in the risk of the primary safety endpoint of 
MB, which occurred in 2.0% vs 1.0%, respectively (HR 1.96, 95% CI 0.59–6.49, p=0.26). Sub-analyses of the CASSINI 
trial reported similar results in patients with pancreatic cancer82 and with gastric/gastroesophageal junction cancer.83

Pooled Results
A systematic review and meta-analysis based on the results of these two RCTs (for a total of 1415 ambulatory cancer 
patients)84 reported that the DOACs were associated with a 44% lower risk of VTE (RR 0.56, 95% CI 0.35–0.89) 
compared to placebo. However, there was a non-significant 96% higher risk of MB events on treatment (RR 1.96, 95% 
CI 0.80–4.82) and 28% higher risk of CRNMB (RR 1.28, 95% CI 0.74–2.20). A subgroup analysis showed that patients 
with the highest risk of VTE showed a greater absolute VTE risk reduction (−6.08% if Khorana score ≥ 3) compared to 
those at intermediate risk (−3.31% if Khorana score = 2).

Current Guidelines on the Prevention and Treatment of 
Cancer-Associated Thrombosis
Guidelines addressing the role of the DOACs for CAT prevention and treatment are summarised in Tables 4–5.

Table 3 Randomized Controlled Trials Evaluating the Use of the Direct Oral Anticoagulants for the Prevention of Cancer-Associated 
Thrombosis in Ambulatory Patients

Study 
(Year)

Inclusion 
Criteria

Patients, N Anticoagulant 
Treatment

Treatment 
Duration

Outcomes

VTE, N (%), 
HR* (95%CI)

MB, N (%), 
HR* (95%CI)

CRNMB, 
N (%), HR* 

(95%CI)

Mortality, 
N (%), HR* 

(95%CI)

AVERT 

2019,77

Ambulatory cancer 

patients at 

intermediate-to- 

high risk for VTE 

(Khorana score, 

≥2), and initiating 

chemotherapy

275 Placebo 5.1 months 

(median)

28 (10.2%) 5 (1.8%) 15 (5.5%) 27 (9.8%)

288 Apixaban 2.5 mg 

BID

5.1 months 

(median)

12 (4.2%), 0.41 

(0.26–0.65)

10 (3.5%), 2.00 

(1.01–3.95)

21 (7.3%), 1.28 

(0.89–1.84)

35 (12.2%), 1.29 

(0.98–1.71)

CASSINI 

2019,81

High-risk 

ambulatory cancer 

patients (Khorana 

score ≥2), starting 

a new systemic 

cancer therapy

421 Placebo 4.3 months 

(mean)

37 (8.8%) 4 (1.0%) 8 (2.0%) NR

420 Rivaroxaban 

10 mg OD

4.3 months 

(mean)

25 (6.0%), 0.66 

(0.40–1.09)

8 (2.0%), 1.96 

(0.59–6.49)

11 (2.7%), 1.34 

(0.54–3.32)

NR

Note: * HR are for DOAC vs placebo. 
Abbreviations: BID, twice daily; CI, confidence interval; CRNMB, clinically relevant non major bleeding; HR, hazard ratio; MB, major bleeding; NR, not reported; OD, once 
daily; VTE, venous thromboembolism.
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Table 4 Role of the Direct Oral Anticoagulants in the Acute Treatment of Cancer-Associated Thrombosis in Recent Guidelines

Guideline Recommendations Regarding DOACs

ISTH 
2018,85

● DOACs (edoxaban, rivaroxaban) suggested as first line for CAT treatment in patients at low bleeding risk and no interfering 
drugs.

● DOACs (edoxaban, rivaroxaban) suggested as acceptable alternative to LMWH for CAT treatment in patients at high bleeding 

risk (eg, luminal gastrointestinal cancers or other gastrointestinal mucosal diseases, genitourinary cancers at high bleeding risk).

ASCO 
2020,4

● DOAC (rivaroxaban) or LMWH/UFH/fondaparinux recommended for initial anticoagulation.
● DOACs (edoxaban, rivaroxaban) or LMWH recommended for long-term anticoagulation for at least 6 months. Caution with 

DOACs in patients with gastrointestinal/genitourinary malignancies, or other diseases at high risk of mucosal bleeding. Check 
drug-drug interactions.

● DOACs or LMWH/VKA after the initial 6 months should be offered to selected patients with active cancer (eg, metastatic 

disease, or receiving chemotherapy).

ACCP 
2021,86

● DOACs (apixaban, edoxaban, rivaroxaban) recommended over LMWH for initiation (5–21 days) and treatment (up to 3 months) 

phases of anticoagulation.
● Apixaban or LMWH preferred for patients with luminal gastrointestinal tumours, since edoxaban and rivaroxaban might increase 

the risk of gastrointestinal major bleeding.

ASH 2021,5 ● DOACs (apixaban, rivaroxaban) or LMWH suggested for initial treatment (first week) of CAT.
● DOACs (apixaban, edoxaban, rivaroxaban) suggested over LMWH/VKA for the short-term treatment (initial 3–6 months).
● DOACs or LMWH suggested for the long-term treatment (>6 months).

ITAC 
2022,87

● DOACs (apixaban or rivaroxaban started immediately, edoxaban started after parenteral anticoagulation) can be used, as an 

alternative to LMWH, for the initial treatment of CAT (first 10 days) in patients without high risk of gastrointestinal or 
genitourinary bleeding.

● DOACs (apixaban, edoxaban, rivaroxaban) or LMWH suggested for the early (up to 6 months) and long-term (>6 months) 

treatment of CAT. The DOACs should be considered in patients without renal insufficiency (CrCl ≥ 30 ml/min), drug 
interactions or gastrointestinal absorption impairment. Caution if gastrointestinal malignancies.

Abbreviations: ACCP, American College of Chest Physicians; ASCO, American Society of Clinical Oncology; ASH, American Society of Hematology; CAT, cancer- 
associated thromboembolism; CrCl, creatinine clearance; DOACs, direct oral anticoagulants; ISTH, International Society on Thrombosis and Haemostasis; ITAC, 
International Initiative on Thrombosis and Cancer; LMWH, low molecular weight heparin; UFH, unfractionated heparin; VKA, vitamin K antagonist.

Table 5 Role of the Direct Oral Anticoagulants in the Prevention of Cancer-Associated Thrombosis in Ambulatory Patients in Recent 
Guidelines

Guideline Recommendations Regarding DOACs

ISTH 
2019,88

● DOACs (apixaban, rivaroxaban) are suggested for ambulatory cancer patients starting chemotherapy, with Khorana score ≥2, 
without drug interactions and without high bleeding risk (eg, gastroesophageal tumours).

ASCO 
2020,4

● DOACs (apixaban, rivaroxaban) or LMWH may be offered to high-risk ambulatory cancer patients (Khorana score ≥2 prior to 
starting new chemotherapy), if low bleeding risk and no drug interactions.

ASH 2021,5 ● DOACs (apixaban, rivaroxaban) or no thromboprophylaxis is suggested for ambulatory cancer patients at intermediate VTE risk, 
receiving systemic cancer therapy. Caution in patients at high bleeding risk.

● DOACs (apixaban, rivaroxaban) or LMWH is suggested for ambulatory cancer patients at high VTE risk, receiving systemic 

cancer therapy. Caution in patients at high bleeding risk.

ITAC 
2022,87

● DOACs (apixaban, rivaroxaban) are recommended for primary thromboprophylaxis in ambulatory cancer patients at intermedi-

ate/high VTE risk (defined as Khorana score ≥ 2) receiving chemotherapy, if no active bleeding or high risk of bleeding.
● DOACs (apixaban, rivaroxaban) or LMWH are recommended for primary thromboprophylaxis in ambulatory cancer patients 

with locally advanced or metastatic pancreatic cancer, receiving chemotherapy and with low bleeding risk.

Abbreviations: ASCO, American Society of Clinical Oncology; ASH, American Society of Hematology; DOACs, direct oral anticoagulants; ISTH, International Society on 
Thrombosis and Haemostasis; ITAC, International Initiative on Thrombosis and Cancer; LMWH, low molecular weight heparin; VTE, venous thromboembolism.
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CAT Treatment
A 2018 guidance from the International Society on Thrombosis and Haemostasis (ISTH)85 recommended individualised 
treatment for cancer patients with VTE, using a shared decision-making approach and considering also patient prefer-
ences and values. Specific DOACs (namely edoxaban and rivaroxaban which were the only ones with available evidence 
at that time) were suggested as first line for CAT treatment in patients at low bleeding risk and no interfering drugs, while 
LMWH was considered as an acceptable alternative. LMWH was suggested as first line for CAT treatment in patients at 
high bleeding risk (eg, luminal gastrointestinal cancers or other gastrointestinal mucosal diseases, genitourinary cancers 
at high bleeding risk), and DOACs were considered as an acceptable alternative.

The 2020 clinical practice guidelines of the American Society of Clinical Oncology (ASCO)4 recommended LMWH, 
UFH, fondaparinux or rivaroxaban for initial anticoagulation of CAT. For long-term anticoagulation, the recommended 
options included LMWH, edoxaban or rivaroxaban for at least 6 months. Due to the lower efficacy, VKA can be used as 
alternative when LMWH or DOACs are not available. The DOACs should be used with caution in patients with 
gastrointestinal/genitourinary malignancies or other diseases at high risk of mucosal bleeding, and potential drug–drug 
interactions should be considered before starting a DOAC. After the initial 6 months, LMWH, DOACs or VKAs should 
be offered to selected patients with active cancer (eg, metastatic disease or receiving chemotherapy) and reassessed 
periodically.

The 2021 update of the American College of Chest Physicians guidelines86 recommended to treat CAT with an oral factor Xa 
inhibitors (apixaban, edoxaban, rivaroxaban) over LMWH for the initiation phase of anticoagulation (initial 5–21 days of 
treatment) and the treatment phase (up to 3 months). A particular situation is represented by patients with luminal gastrointestinal 
cancer, for whom apixaban or LMWH may be preferred, since edoxaban and rivaroxaban might increase the risk of 
gastrointestinal MB.

The 2021 guidelines of the American Society of Hematology (ASH)5 suggested DOACs (apixaban or rivaroxaban, 
since they are the only DOACs which can be started directly as a single-drug approach) or LMWH for the initial 
treatment (first week) of CAT. For the short-term treatment (initial 3–6 months), they suggested DOACs (apixaban, 
edoxaban, or rivaroxaban) over LMWH or VKA. If a DOAC cannot be used, they suggested LMWH over VKA. For the 
long-term treatment (>6 months), they suggested DOACs or LMWH.

The 2022 clinical practice guidelines from the International Initiative on Thrombosis and Cancer (ITAC)87 recom-
mended LMWH for the initial treatment of CAT (first 10 days). The DOACs (apixaban or rivaroxaban started 
immediately, edoxaban started after parenteral anticoagulation with LMWH) were proposed as alternatives for patients 
without high risk of gastrointestinal or genitourinary bleeding. Other alternatives included UFH or fondaparinux. For the 
early (up to 6 months) and long-term (>6 months) treatment of CAT, they suggested LMWH or DOACs (apixaban, 
edoxaban, rivaroxaban) for a minimum of 6 months. The DOACs should be considered in cancer patients without renal 
insufficiency (CrCl ≥ 30 ml/min), drug interactions or gastrointestinal absorption impairment; furthermore, caution 
should be exerted in patients with gastrointestinal malignancies.

CAT Prevention in Ambulatory Patients
A 2019 ISTH guidance88 suggested DOACs (apixaban or rivaroxaban) for primary thromboprophylaxis for a specific 
category of ambulatory cancer patients (ie those with Khorana score ≥ 2, starting chemotherapy, without interfering 
medications and without high risk of bleeding), while LMWH was suggested for patients with drug interactions or high 
risk of gastrointestinal bleeding.

The 2020 ASCO clinical practice guidelines4 discouraged routine pharmacological thromboprophylaxis in ambulatory 
cancer patients undergoing chemotherapy. They stated that thromboprophylaxis with DOACs (apixaban or rivaroxaban) 
or LMWH may be considered in patients at high risk of VTE (defined as Khorana score ≥2 prior to starting new 
chemotherapy), if low bleeding risk and no interfering drugs.

The 2021 ASH guidelines5 suggested a different approach to ambulatory cancer patients receiving systemic cancer 
therapy according to their risk of VTE (based on validated assessment tools, such as the Khorana score). For patients at 
low VTE risk, no primary thromboprophylaxis is suggested. For patients at intermediate VTE risk, they suggest either no 
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thromboprophylaxis or thromboprophylaxis with a DOAC (apixaban or rivaroxaban, since only apixaban and rivarox-
aban were evaluated in RCTs of primary thromboprophylaxis in cancer patients). For patients at high VTE risk, they 
suggest either LMWH or a DOAC (apixaban or rivaroxaban). Caution should be exerted in patients at high bleeding risk. 
For patients with central venous catheter no primary thromboprophylaxis is suggested, since the risk of central venous 
catheter causing thrombosis is minimal, unless there are other concomitant risk factors.

The 2022 ITAC clinical practice guidelines87 recommended primary thromboprophylaxis with DOACs (apixaban or 
rivaroxaban) in ambulatory cancer patients at intermediate/high VTE risk (defined as Khorana score ≥ 2) receiving 
chemotherapy, if no active bleeding or high risk of bleeding. With regard to particular types of tumours, primary 
prophylaxis with LMWH or DOACs (apixaban, rivaroxaban) was recommended for ambulatory cancer patients with 
locally advanced or metastatic pancreatic cancer, receiving chemotherapy and with low bleeding risk, while it was not 
recommended for patients with locally advanced or metastatic lung cancer.

Conclusions
Three DOACs (apixaban, edoxaban, rivaroxaban) were assessed in RCTs for the acute treatment of CAT. They showed 
better efficacy than LMWH in preventing VTE recurrence. However, rivaroxaban and edoxaban were also associated 
with an increased risk of bleeding complications, especially in patients with gastrointestinal cancers, while apixaban did 
not seem to significantly increase the bleeding risk.

Two DOACs (apixaban, rivaroxaban) were assessed in RCTs for the prevention of CAT in ambulatory cancer patients 
starting chemotherapy. They showed better efficacy than placebo in preventing VTE occurrence. However, there was 
a trend towards higher rates of MB and CRNMB.

The DOACs were included in recent guidelines for the treatment of CAT in selected cancer patients (eg, low bleeding 
risk, no luminal gastrointestinal or genitourinary malignancies, no interfering drugs). The DOACs were also suggested 
for primary thromboprophylaxis in selected ambulatory cancer patients at high risk of VTE (eg, Khorana score ≥ 2 prior 
to starting new chemotherapy, low bleeding risk, no interfering drugs). Newer anticoagulant drugs under investigation 
(such as those targeting coagulation factor XI),89 have the potential to overcome some of limitations of the DOACs in 
CAT, in particular due to their lower bleeding risk.
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