Role of direct oral anticoagulants in the treatment of cancer-associated venous thromboembolism:
updated guidance from the SSC of the ISTH

Scope

Venous thromboembolism (VTE) represents a frequent and clinically relevant complication in patients with
active malignancy, substantially contributing to morbidity and mortality [1]. Direct oral anticoagulants
(DOAC:s) and low molecular weight heparins (LMWH) are recommended by clinical practice guidelines for
the treatment of cancer-associated VTE. Earlier guideline recommendations were based on limited randomized
clinical trial (RCT) evidence in the cancer setting. This document constitutes an update of the previous 2018
ISTH guidance statement to incorporate new RCT evidence, including evidence for treatment of cancer-
associated VTE past the initial 6-month phase [2,3]. The structure of the current ISTH guidance follows the
previous version [4], with some differences in the wording of recommendations based on changes in general

ISTH statements, as outlined below.

Definition

1. Cancer patients

For this guidance document, we define active cancer as either a solid tumor diagnosed within the preceding 6
months; or, recurrent, locally advanced, or metastatic disease; or, cancer for which systemic therapy or other
antineoplastic treatment has been administered within the past 6 months; or a hematologic malignancy that has
not achieved complete remission. Patients with hematologic malignancies were underrepresented in
randomized controlled trials of DOACSs, and those included had largely lymphoma, chronic lymphocytic
leukemia, or multiple myeloma. Acute leukemia was consistently excluded, as were non-melanoma skin
cancers.

2. DOACs

DOAC:s currently approved in many countries for the treatment of VTE include the direct thrombin inhibitor

dabigatran and the direct factor Xa inhibitors apixaban, edoxaban, and rivaroxaban.

Methods



For the identification of studies to be included in this guidance, we relied on a previously published systematic
review and network meta-analysis that was conducted in accordance with established methodological
standards and the PRISMA guidelines [5]. An additional search was performed across biomedical and
multidisciplinary scientific databases, including PubMed/MEDLINE, Scopus, and Web of Science, to identify

relevant studies published after the meta-analysis.

Iterative discussion and revision ensured that statement decisions and data interpretations were collectively
reviewed and agreed upon by the Authors. For recommendations in which consensus of the authors was
achieved and the recommendations were informed by higher-quality clinical studies with greater certainty of
evidence, the term used for such recommendations is “we advise.” For recommendations in which consensus
of the authors was achieved but the recommendations were informed by lower quality clinical studies with
lower certainty of evidence, the term used for these recommendations is “we suggest.” The authors followed
the ISTH Guidelines and Guidance Committee COI Policy and disclosed any relevant financial relationships
with industry within the past 12 months. Authors who reported more than $5,000 relevant direct financial

conflicts and/or had major conflicts recused themselves from voting on the guidance statements.

Background

Evidence from RCTs in cancer patients

Several pivotal randomized trials in cancer patients evaluating DOACs have been performed since the 2018
guidance statement. Trial design and key results are summarized in Table 1. The Caravaggio trial randomized
1170 patients with cancer and acute symptomatic or incidental VTE to receive either oral apixaban (10 mg
twice daily for the first 7 days, followed by 5 mg twice daily) or dalteparin (200 IU/kg once daily for the first
month, followed by 150 [U/kg once daily) for 6 months [6]. The primary efficacy outcome was objectively
confirmed recurrent VTE during the 6-month trial period. Recurrent events occurred in 5.6% of patients
assigned to the apixaban group and in 7.9% of patients in the dalteparin group (hazard ratio [HR] 0.63; 95%
confidence interval [CI] 0.37-1.07; P<0.001 for non-inferiority; P=0.09 for superiority). The principal safety

outcome was major bleeding, which occurred in 3.8% of patients receiving apixaban and in 4.0% of those



receiving dalteparin (HR 0.82; 95% CI 0.40-1.69; P=0.60). Clinically relevant non-major bleeding occurred
in 9.0% of patients in the apixaban arm and in 6.0% of those in the dalteparin arm (HR 1.42; 95% CI 0.88—
2.30). The composite of recurrent VTE or major bleeding occurred in 8.9% and 11.4% of patients, respectively
(HR 0.70; 95% CI 0.45-1.07). Death from any cause occurred in 23.4% of patients in the apixaban group and
26.4% in the dalteparin group. The CASTA-DIVA study compared rivaroxaban with dalteparin for the
treatment of cancer-associated VTE over a 3-month period [7]. Overall, 158 patients with active cancer and
acute VTE were randomized to either rivaroxaban (15 mg twice daily for 3 weeks followed by 20 mg once
daily) or dalteparin (200 IU/kg once daily for 1 month followed by 150 IU/kg once daily). The primary
endpoint, recurrent VTE at 3 months, occurred in 6.4% of patients treated with rivaroxaban and 10.1% of those
treated with dalteparin (subdistribution hazard ratio 0.75; 95% CI 0.21-2.66). The predefined non-inferiority
criterion was not met, primarily for early trial discontinuation due to slow accrual and limited statistical power.
Major bleeding was infrequent, occurring in 1.4% of patients in the rivaroxaban group and 3.7% in the
dalteparin group. The composite of major or clinically relevant nonmajor bleeding occurred in 12.2% and
9.8%, respectively. Overall mortality at 3 months was high and comparable between groups (25.7% vs 23.8%),
largely driven by cancer progression. The CANVAS trial enrolled 671 patients with cancer and acute VTE to
receive either a DOAC or LMWH for 6 months (the choice of anticoagulants was left to investigator’s
discretion) [8]. Recurrent VTE occurred in 6.1% of patients treated with a DOAC and 8.8% treated with
LMWH, meeting criterion for noninferiority. Major bleeding occurred in 5.2% and 5.6% of patients, while
clinically relevant nonmajor bleeding occurred in 5.8% and 2.6%, respectively. All-cause mortality at 6 months

was 21.5% in the DOAC group and 18.4% in the LMWH group.

Additional new RCTs include ADAM VTE, ONCO PE, EVE and API-CAT trials [9-12]. ADAM VTE
included 287 patients and compared apixaban with dalteparin for treating cancer-associated VTE over 6
months [9]. The primary endpoint was major bleeding, which occurred in none of the apixaban patients and
in 1.4% of those receiving dalteparin. Recurrent VTE occurred in 0.7% vs 6.3%, respectively. The composite
of major bleeding plus clinically relevant nonmajor bleeding was 6% in both groups. Mortality was mainly
related to cancer progression. While quality-of-life outcomes measured monthly showed patients had more
confidence that dalteparin provided protection against blood clots at one month, all other measures, including

excess bruising, psychological distress and frustration, satisfaction with treatment, all favored apixaban.



ONCO-PE randomized 178 patients to receive 18 months versus 6 months of rivaroxaban [10]. Recurrent VTE
occurred in 5.6% of patients in the 18-month group versus 19.1% in the 6-month group. Major bleeding
occurred in 7.8% and 5.6% of patients, respectively, with no significant differences between the arms. The
EVE trial included 360 cancer who had completed 6—12 months of anticoagulation for cancer-associated VTE
and compared apixaban 2.5 mg versus 5 mg twice daily for an additional 12 months [11]. The composite of
major bleeding plus clinically relevant nonmajor bleeding occurred in 8.9% in the 2.5-mg group and 12.2% in
the 5-mg group (HR 0.72; p=0.39). Recurrent VTE occurred in 5.0% and 5.0% of patients, respectively, and
all-cause mortality was similar at 13% vs 12%, with no significant difference in outcomes between the two
doses. The API-CAT trial evaluated extended anticoagulation with reduced-dose apixaban in patients with
cancer-associated VTE who had completed at least 6 months of anticoagulant therapy [12]. A total of 1,766
patients were randomized to receive apixaban 2.5 mg twice daily (reduced dose) or 5 mg twice daily (full dose)
for an additional 12 months. The primary efficacy outcome was recurrent symptomatic or incidental VTE
during the treatment period. Recurrent events occurred in 2.1% of patients receiving reduced-dose apixaban
and in 2.8% of those receiving full-dose therapy, meeting criteria for non-inferiority (HR 0.76; 95% CI 0.41—
1.41; p for non-inferiority <0.01). The principal safety outcome was clinically relevant bleeding (defined as
the composite of centrally adjudicated major bleeding and clinically relevant non-major bleeding occurring
during the 12-month treatment period), which occurred in 12.1% of patients in the reduced-dose group and
15.6% in the full-dose group (HR 0.75; 95% CI 0.58-0.97). Rates of major bleeding were numerically lower
with the reduced dose. Overall mortality was comparable between groups, largely driven by the underlying

malignancy.

Evidence from meta-analyses in cancer patients

Additional data about the use of DOACs for treatment of cancer-associated thrombosis have emerged from
meta-analyses. A network meta-analysis of 17 RCTs (n=6,623) showed that DOACs have comparable efficacy
in preventing recurrent VTE, with apixaban ranking highest and demonstrating superiority over LMWH
without increasing bleeding risk. However, safety profiles slightly differ across DOACs: apixaban seemed to

be associated with lower major bleeding compared with edoxaban, whereas rivaroxaban and edoxaban showed



higher rates of clinically relevant bleeding compared to apixaban. [5]. This difference in bleeding among
DOAC is consistent with results from the COBRRA trial, which enrolled 2760 patients with acute VTE to
receive apixaban or rivaroxaban for 3 months [13]. A significantly lower risk of clinically relevant bleeding
with apixaban compared to rivaroxaban (3.3% vs 7.1%, HR 0.46; 95% CI 0.33-0.65 p <0.001) was observed.
However, cancer patients were excluded from COBRRA and therefore, these results should be interpreted with

caution for those with cancer.

Patient preferences and values

While DOAC use offers practical advantages such as oral administration, fixed dosing, and no need for routine
laboratory monitoring, these potential benefits should be balanced against potential drawbacks including
bleeding risk, drug—drug interactions with anticancer therapies, and disease-related clinical features.
Furthermore, the choice of anticoagulant for VTE treatment should not rely solely on efficacy and safety
outcomes reported in clinical trials, but should also reflect patient preferences and values. VTE is often
experienced as an unexpected complication and associated with psychological distress, irrespective of the
attributed symptom burden. Preference studies using discrete-choice methodology have provided insight into
the relative importance patients assign to each treatment characteristic. These analyses consistently indicate
that avoiding interference with ongoing cancer therapy is the most valued attribute of anticoagulant treatment,
followed by the reduction of recurrent VTE risk and then safety outcomes such as the risk of major bleeding.
In contrast, route of administration, although relevant, appears to be less crucial when compared with efficacy
and safety aspects [14,15]. In this context, anticoagulation therapy with LMWH is generally acceptable with
the daily subcutaneous injection and is considered tolerable by many patients. Overall, these findings
underscore the importance of shared decision-making in the management of cancer-associated VTE and the

need for a thorough discussion with the patient, including their concerns and priorities.

Limitations and precautions

Several limitations exist regarding the evidence base. All three direct factor Xa inhibitor rivaroxaban, edoxaban
and apixaban were evaluated in RCTs conducted in cancer patients and there is consensus about their higher

efficacy, while concerns regarding an increased risk of bleeding (major bleeding and clinically relevant non-



major bleeding remain. However, there were discrepancies in the results between these trials. In contrast to
HOKUSAI-VTE and SELECT-D trials [16, 17], in which higher risk of bleeding was observed with edoxaban
and rivaroxaban respectively, in CARAVAGGIO, there was no excess risk of major bleeding [3.8% with
apixaban vs 4.0% with dalteparin (HR 0.82; 95% CI 0.40—1.69); clinically relevant non-major bleeding was
9.0% vs 6.0% (HR 1.42; 95% CI 0.88-2.30)]. However, the studies of apixaban were conducted after the
higher risk of bleeding in the original DOAC trials had already been noted, thus raising concerns for selection
bias (in terms of bleeding risk or cancer types) in later studies. In this context, a prospective cohort study of
1,392 patients (not randomly allocated to treatment arms) demonstrated an overall rate of major and clinically
relevant non-major bleeding in patients with GI cancer were similar to those in patients with non-GI cancer
across apixaban, rivaroxaban, and enoxaparin treatment groups [18]. However, apixaban was associated with
a significantly higher major bleeding rate in luminal GI cancer compared with non-GI cancer and with
enoxaparin in luminal GI cancer. Therefore, for patients with GI tumors or high luminal bleeding risk, LMWH

remains the preferable choice, with DOAC being a less desirable alternative.

All direct factor Xa inhibitors are susceptible to drug-drug interactions due to their dependence on the P-
glycoprotein transporter, whereas rivaroxaban and apixaban, and to a lesser extent edoxaban, are additionally
influenced by cytochrome P450 3A4 (CYP3A4)-dependent metabolism. Consequently, the concomitant
administration of strong inhibitors or inducers of CYP3A4 and P-glycoprotein, such as certain tyrosine kinase
inhibitors, may alter the pharmacokinetics of direct factor Xa inhibitors. While there has been some evidence
that concomitant administration of anticancer agents does not impact the efficacy and safety of DOACs [19],
LMWHs are preferred when there are concerns for strong or potent drug-drug interaction because they lack
pharmacokinetic interactions. Given that DOACs are administered orally, the use of LMWH in cases of
dysphagia, upper digestive tract obstruction, as well as emesis from highly emetogenic chemotherapy
regimens, need to be considered and discussed with patients. Since patients with severe renal impairment (CrCl
< 30 ml/min) were excluded from pivotal trials, data on DOACs’ efficacy are lacking and, therefore, dose-
adjusted LMWH may represent the most suitable option in these patients. Other patient characteristics, e.g.,
extremes of body weight, require additional caution and may warrant dose adjustment [20,21].
Finally, the use of DOACS in of the setting of thrombocytopenia is not recommended below a platelet count

of 50,000/uL as no robust evidence is available [22].



Guidance statements

1. We advise individualized treatment regimens after shared decision-making with patients,
incorporating patient preferences and values. In particularly, the choice of anticoagulant may be
influenced by the risk of bleeding, potential drug-drug interactions, integrity of the GI tract for
oral medication administration, and renal function.

2. We advise the use of full-dose DOACs (either apixaban, edoxaban or rivaroxaban) for cancer
patients with an acute diagnosis of VTE, a low risk of bleeding, and no concerns for drug—drug
interactions for at least six months of treatment. LMWHs constitute an acceptable alternative and
are preferred in case of concern for drug-drug interactions and severe renal impairment.

3. We suggest the use of LMWH monotherapy in the setting of gastrointestinal or genitourinary
cancers with a luminal primary lesion that are at high risk of bleeding. DOACs are an acceptable
alternative based on patient preference and willingness to accept an increased risk of bleeding.

4, We advise the use of reduced-dose apixaban (2.5 mg twice daily) after six months of

anticoagulation in cancer patients for whom extended use of anticoagulation is being considered.
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Table 1. Randomized trials of anticoagulation for cancer-associated VTE published after 2018

. Recurrent VTE HR/OR Major Bleeding HR/OR
Study Study design Treatment Arms Follow-up (%) (95% CI) (%) (95% CI)
Randomized, open-label, non-inferiority trial with . . HR 0.63 HR 0.82
6 > )
CARAVAGGIO blinded outcome adjudication Apixaban vs Dalteparin 6 mo 5.6vs79 (0.37-1.07) 3.8vs 4.0 (0.40-1.69)
ADAM-VTE® Randomized, open-label superiority trial Apixaban vs Dalteparin 6 mo 0.7vs 6.3 (0161?32'(?320) Ovs 1.4 NE*

} ;| Randomized, open-label non-inferiority trial with . . SubHR 0.75 SubHR 0.36
CASTA-DIVA blinded central adjudication Rivaroxaban vs Dalteparin 3 mo 6.4 vs 10.1 (0.21-2.66) 1.4vs 3.7 (0.04-3.43)
CANVAS * ff?gggflef:i t‘;‘i’;’llmd’ non-inferiority comparative- | o A ¢ s L MWH 6 mo 6.1vs8.8 Risk diff —2.7% 52vs 5.6 Risk diff —0.4%
ONCO-PE '° g?:r?;cr?;rt;?;nded randomized, open-label, Rivaroxaban 18 mo vs 6 mo 18 mo 5.6 vs 19.1 (000%?62752) 7.8 vs 5.6 (004&41"4730)
EVE !! Randomized, double-blind trial Apixaban 2.5 mg vs 5 mg 12 mo 5.0vs5.0 (021(1)17;.(5)3) 2.8vs2.2 (01{14;131\14266 6)

Randomized, double-blind non-inferiority trial with . SubHR 0.76 SubHR 0.75
: 12 ) o
APL-CAT blinded outcome adjudication Apixaban 2.5 mg vs 5 mg &ro 2.1vs28 (0.41-1.41) (0.58-0.97)

*NE = hazard ratio not estimable because of zero events in one arm; SubHR = subdistribution hazard ratio.
CRNMB = clinically relevant non-major bleeding; DOAC = direct oral anticoagulant; LMWH = low-molecular-weight heparin; VTE = venous thromboembolism.




