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INTRODUCTION

Cancer-associated thrombosis (CAT) is the second leading cause of death after cancer progression. 1 Cancer patients are 4-to 7-times more likely to develop venous thromboembolism (VTE) compared to non-cancer patients and the incidence of CAT is increasing worldwide. [2][3][4] This is due to multiple factors, which include cancer type and use of central venous catheters (CVC) for chemotherapy and other associated medical and surgical anti-cancer treatments. [5][6][7] Treatment of established VTE in cancer patients is complex. Systemic chemotherapy can lead to drug-drug interactions that may alter the efficacy of anti-cancer treatments or oral anticoagulants and may also cause thrombocytopenia, which increases the risk of bleeding.

Ascertaining the need for VTE prophylaxis in cancer patients is another challenge due to the widely varying risk of VTE and bleeding across different cancer types, disease stages, and anticancer treatments. Options for the treatment [8][9][START_REF] Mcbane | Apixaban, Dalteparin, in Active Cancer Associated Venous Thromboembolism, the ADAM VTE Trial[END_REF] and prevention [START_REF] Khorana | Rivaroxaban for Thromboprophylaxis in High-Risk Ambulatory Patients with Cancer[END_REF][START_REF] Carrier | Apixaban to Prevent Venous Thromboembolism in Patients with Cancer[END_REF] of CAT have also expanded with recent clinical trials comparing the direct oral anticoagulants (DOACs) and lowmolecular-weight heparin (LMWH) in cancer patients. Although the DOACs offer advantages over parenteral anticoagulants and demonstrate a favorable risk-benefit profile, these agents pose challenges in terms of oral administration, drug-drug interactions, and bleeding risk, necessitating appropriate patient selection for their use. [START_REF] Short | New oral anticoagulants and the cancer patient[END_REF][START_REF] Bellesoeur | Pharmacokinetic variability of anticoagulants in patients with cancer-associated thrombosis: Clinical consequences[END_REF] The International Initiative on Thrombosis and Cancer (ITAC) developed the first international evidence-based clinical practice guidelines (CPGs) in 2013 [START_REF] Farge | International clinical practice guidelines for the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF][START_REF] Debourdeau | International clinical practice guidelines for the treatment and prophylaxis of thrombosis associated with central venous catheters in patients with cancer[END_REF] to provide clinicians with practical and accessible recommendations for the treatment and prevention of CAT. The ITAC-CPGs use the GRADE methodology [START_REF] Guyatt | Going from evidence to recommendations[END_REF] and are available through an internationally-accessible, free web-based mobile app (www.itaccme.com). The CPGs and the app were updated in 2016 [START_REF] Farge | International clinical practice guidelines including guidance for direct oral anticoagulants in the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF] and subsequently endorsed by the International Society of Thrombosis and Hemostasis (ISTH). This 2019 update of the ITAC-CPGs includes a review of new evidence, particularly new data on risk stratification of VTE for decision-making on primary prophylaxis strategies, and the use of DOACs for the prevention and treatment of CAT.

Guideline Development

The guideline development process incorporated measures to ensure impartiality and transparency in the establishment of the recommendations. All iterations of the ITAC-CPGs are an academic initiative by the international branch of the Group Francophone Thrombose et Cancer (GFTC), a not-for-profit organization based at St. Louis Hospital Paris University (www.thrombose-cancer.com). Authors, including the independent external advisory panel, were not paid for their contributions to the preparation of this ITAC-CPG update, and no manuscript preparation services were employed.

Guideline development methodology. The present ITAC-CPG update was prepared by an independent working group of 14 ITAC members, using the GRADE methodology (Panel 1) and support from the Institut National du Cancer (INCa) as with the 2013 [START_REF] Farge | International clinical practice guidelines for the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF][START_REF] Debourdeau | International clinical practice guidelines for the treatment and prophylaxis of thrombosis associated with central venous catheters in patients with cancer[END_REF] and 2016 iterations. [START_REF] Farge | International clinical practice guidelines including guidance for direct oral anticoagulants in the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF] The ITAC working group is comprised of independent international academic clinicians and methodology experts from various specialties (oncology, hematology, internal medicine, vascular medicine, biology and epidemiology), including two methodologists (CF and HR) and two coordinators (DF and JD). Articles identified for inclusion from the literature search and selection process (January 2015 -Dec 2018; see panel 2) underwent a critical appraisal that included an assessment of the articles' methodological strength and clinical relevance by the 2 methodologists (CF and HR), which was then approved by the rest of the working group. All articles identified in the literature search performed with INCA support, were analyzed according to these selection criteria. Every step of the critical appraisal process has been documented and is available for review. Data were independently extracted into evidence tables by the 2 methodologists. Any identified discrepancies were resolved by the working group. Conclusion tables summarizing information from the critical appraisal and data extraction were prepared for each clinical question and were used to develop recommendations according to the GRADE methodology. [START_REF] Guyatt | Going from evidence to recommendations[END_REF] The ITAC working group convened regularly through teleconferences and meetings at ASH 2017, ISTH 2018 and ASH 2018 to discuss the available evidence (summarized in the Evidence Tables), and formulate the recommendations. Minutes of these meetings have been documented and are available for review. A detailed description of the methodology is provided in the Supplementary Appendix.

Copyright © 1093790 (OPIC 28/02/2016) Independent external advisory panel. The guidelines were peer-reviewed by an international panel of 83 experts, encompassing all medical and surgical specialties involved in the management of patients with cancer, one nurse, and by two volunteer patient representatives selected from each panelist's patient population or from the patient associations with which the panelists were in contact. Panel experts were identified based on their knowledge, clinical expertise, publication record, and contributions to the field. Panel members were given an evaluation grid (nine-point scale, from don't agree to agree [0-9]) to complete. Feedback was analysed by the working group and revisions were incorporated into this manuscript.

Independent external organization review. The manuscript was then submitted for review to the ISTH Guidance and Guidelines Committee, which subsequently endorsed the ITAC guideline methodology.

RESULTS

GUIDELINE RECOMMENDATIONS

The ITAC CPG uses GRADE methodology to make recommendations for VTE treatment and prophylaxis in patients with cancer. The best quality data are from large phase III randomized clinical trials (RCT) in which patients with less frequently seen cancers were excluded, either because of cancer type or because of other factors such as risk of bleeding and thrombocytopenia. Most patients with primary brain tumors, active central nervous system (CN)S metastases, and hematologic malignancies, especially acute leukemias, did not meet the eligibility criteria for these trials. The limited data available are not sufficient per GRADE methodology to make CPG level recommendations.

Treatment of established VTE

Recommendations for treatment of established VTE in patients with cancer are presented in Panel 3. Six randomized clinical trials (RCT) comparing DOACs to VKA have been performed in unselected patients. [START_REF] Investigators | Oral rivaroxaban for symptomatic venous thromboembolism[END_REF][START_REF] Investigators | Oral rivaroxaban for the treatment of symptomatic pulmonary embolism[END_REF][START_REF] Schulman | Dabigatran versus warfarin in the treatment of acute venous thromboembolism[END_REF][START_REF] Schulman | Treatment of acute venous thromboembolism with dabigatran or warfarin and pooled analysis[END_REF][START_REF] Agnelli | Oral apixaban for the treatment of acute venous thromboembolism[END_REF][START_REF] Hokusai | Edoxaban versus warfarin for the treatment of symptomatic venous thromboembolism[END_REF] Apixaban, dabigatran, edoxaban, and rivaroxaban have demonstrated a non-inferior efficacy compared to VKAs for the treatment of non-cancer VTE, with similar or lower rates of major bleeding and clinically-relevant non-major bleeding (CRNMB). The DOACs are endorsed by a number of societies as first-line treatment for VTE in the general population. [START_REF] Kearon | Antithrombotic Therapy for VTE Disease: CHEST Guideline and Expert Panel Report[END_REF][START_REF] Mazzolai | Diagnosis and management of acute deep vein thrombosis: a joint consensus document from the European society of cardiology working groups of aorta and peripheral circulation and pulmonary circulation and right ventricular function[END_REF] RCTs having recently assessed their efficacy and safety for CAT are reviewed herein.

Initial treatment of established VTE

LMWH, UFH or Fondaparinux (followed by a VKA). The recommendation on initial

treatment with parenteral anticoagulation is unchanged. For the first 5 to 10 days, LMWH is recommended, with fondaparinux and unfractionated heparin (UFH) as alternative treatment options.

Two new studies reported results consistent with previous data. [START_REF] Robertson | Fixed dose subcutaneous low molecular weight heparins versus adjusted dose unfractionated heparin for the initial treatment of venous thromboembolism[END_REF][START_REF] Hakoum | Anticoagulation for the initial treatment of venous thromboembolism in people with cancer[END_REF] DOACs. Rivaroxaban or edoxaban (after at least 5 days of parenteral anticoagulation) are now recommended as initial treatment options in patients with CAT, who are not at high risk of gastro-intestinal (GI) or genito-urinary (GU) bleeding. The determination of bleeding risk associated with GI or GU cancer types involves consideration of patient-specific factors that may include the extent of the cancer and its propensity for bleeding. There are differences across DOACs in anticoagulant initiation within the first days of treatment. In the RCTs involving non-cancer patients, 5 days of a parenteral agent, typically LMWH, is required before initiating dabigatran [START_REF] Schulman | Dabigatran versus warfarin in the treatment of acute venous thromboembolism[END_REF] or edoxaban [START_REF] Hokusai | Edoxaban versus warfarin for the treatment of symptomatic venous thromboembolism[END_REF] at standard dosage. For apixaban [START_REF] Agnelli | Oral apixaban for the treatment of acute venous thromboembolism[END_REF] and rivaroxaban [START_REF] Investigators | Oral rivaroxaban for symptomatic venous thromboembolism[END_REF][START_REF] Investigators | Oral rivaroxaban for the treatment of symptomatic pulmonary embolism[END_REF] treatment with a parenteral agent is not needed, but a higher Copyright © 1093790 (OPIC 28/02/2016) dose is given for the first 7 days with apixaban and the first 21 days with rivaroxaban. Edoxaban 8 and rivaroxaban, 9 are two DOACs with published RCTs of patients with CAT (ECOG ≤2, > 40-60 kg, creatinine clearance [CrCl]>30 mL.min-1), which used a LMWH (dalteparin) as comparator. Edoxaban and rivaroxaban were non-inferior to dalteparin for rates of recurrent VTE and survival at 6 months, with higher rates of bleeding. If the decision to treat the cancer patient with a DOAC has been made, 5 days of a parenteral agent are required before starting edoxaban at standard dose, or reduced dose when specific criteria apply (weight ≤60 kg, CrCl ≤50 mL.min -1 , concomitant use of strong P-glycoproteins inhibitors). Rivaroxaban is given at 15 mg twice-daily for the first 21 days of anticoagulation, then switched to 20 mg daily.

Preliminary data from a RCT of 300 patients using apixaban for CAT presented as an abstract, [START_REF] Mcbane | Apixaban, Dalteparin, in Active Cancer Associated Venous Thromboembolism, the ADAM VTE Trial[END_REF] suggest that compared to LMWH, apixaban is not associated with a higher risk of bleeding.

Inferior vena cava filters. The recommendation on the use of inferior vena cava filters (IVCFs) for the initial treatment of VTE is unchanged. IVCFs may be considered if anticoagulant treatment is contraindicated or if there is recurrent pulmonary embolism (PE) despite appropriate anticoagulant therapy. Eight new retrospective studies on the use of IVCFs in cancer patients have been published since the 2016 ITAC-CPGs, [START_REF] Farge | International clinical practice guidelines including guidance for direct oral anticoagulants in the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF] with similar limitations as previous studies. The findings are consistent with the previous ITAC-CPGs 15 18 that IVCFs in cancer patients appear to increase the risk of recurrent VTE with no evidence of improvement in survival. One new propensity-matched retrospective cohort analysis examined patients who developed symptomatic VTE recurrence on anticoagulant therapy, including a subgroup of cancer patients who received IVCFs after recurrent VTE in the first 3 months of anticoagulant therapy. [START_REF] Mellado | Outcomes Associated With Inferior Vena Cava Filters Among Patients With Thromboembolic Recurrence During Anticoagulant Therapy[END_REF] For patients with deep vein thrombosis (DVT), propensity score-matched groups with or without filter insertion showed no significant difference in death (17.7% versus 12.2%, p = 0.56). For patients with PE, propensity score-matched groups showed a significant decrease in all-cause death with filter insertion (2.1%, 48 patients) versus without (2.1% versus 25.3%, p = 0.02) but PE-related mortality rate was not significantly different between the groups (2.1% versus 17.6%, p = 0.08).

Thrombolysis. There are limited data on thrombolysis in cancer patients. Individual patient decision-making in consultation with clinicians experienced with parenteral or catheter directed thrombolysis is advised. The 2016 CPGs reviewed 5 RCTs in cancer patients (CANTHANOX, CLOT, LITE, ONCENOX, CATCH), 2 RCTs in unselected patients with cancer patient subgroups, and 9 meta-analyses that reported on the benefits and risks of LMWH versus short-term heparin followed by VKA in the early maintenance and long-term treatment of confirmed VTE. [START_REF] Farge | International clinical practice guidelines including guidance for direct oral anticoagulants in the treatment and prophylaxis of venous thromboembolism in patients with cancer[END_REF] One new meta-analysis reported on the risk of intracranial haemorrhage (ICH) with LMWH compared to VKA in cancer patients (n=2089). [START_REF] Rojas-Hernandez | Risk of intracranial hemorrhage associated with therapeutic anticoagulation for venous thromboembolism in cancer patients: a systematic review and meta-analysis[END_REF] There were no significant differences in risk of major bleeding between the 2 anticoagulant therapies during the first 6 months of treatment (RR 0.49, 95 % CI 0.10-2.3).

DOAC versus VKA. Several RCTs have assessed DOACs in the treatment and prevention

of VTE in the general population. [START_REF] Investigators | Oral rivaroxaban for symptomatic venous thromboembolism[END_REF][START_REF] Investigators | Oral rivaroxaban for the treatment of symptomatic pulmonary embolism[END_REF][START_REF] Schulman | Dabigatran versus warfarin in the treatment of acute venous thromboembolism[END_REF][START_REF] Schulman | Treatment of acute venous thromboembolism with dabigatran or warfarin and pooled analysis[END_REF][START_REF] Agnelli | Oral apixaban for the treatment of acute venous thromboembolism[END_REF][START_REF] Hokusai | Edoxaban versus warfarin for the treatment of symptomatic venous thromboembolism[END_REF] DOACs have been shown to be non-inferior to VKAs for treatment and prevention of recurrent VTE with similar or lower rates of bleeding. Consistent with results obtained in studies of predominantly non-cancer patients, DOACs were at least non-inferior to VKAs for the prevention of VTE recurrence in cancer patient subgroups (approximately 5% of patients) from these trials (OR 0.63, 95% CI 0.37-1.10), with no difference in major bleeding or CRNMB (OR 0.77, 95% CI 0.41-1.44). 31 DOAC versus LMWH. Two RCTs comparing DOACs and LMWH (dalteparin) for CAT have been published. 8,9 DOACs were at least as effective as dalteparin at reducing VTE recurrence, but with an increased risk of bleeding. In the Hokusai VTE Cancer trial, 8 1050 cancer patients with symptomatic or incidentally diagnosed VTE were randomized to receive edoxaban (dalteparin for at least 5 days, followed by edoxaban 60 mg once daily) or dalteparin (200 IU/kg once daily for 1 month, followed by 150 IU/kg daily), for 6-12 months. The primary outcome was a composite of recurrent VTE or major bleeding within 12 months after randomization, regardless of treatment duration. Edoxaban was non-inferior to LMWH: 67 of 522 (12.8%) patients in the edoxaban group, compared to 71 of 524 patients (13.5%) in the dalteparin group developed a primary outcome event (HR 0.97, 95% CI 0.70-1.36, p=0.006 for non-inferiority, p=0.87 for superiority). The rates of VTE recurrence were numerically lower with edoxaban, but this difference did not reach statistical significance (7.9% [edoxaban] versus 11.3% [dalteparin], p=0.09). The rate of major bleeding was higher with edoxaban (6.9% versus 4.0%, p=0.04).

Rates of CRNMB and overall survival were similar between groups. In the SELECT-D trial, 9 406 cancer patients with symptomatic or incidental PE, or symptomatic lower-extremity proximal DVT were randomized to receive rivaroxaban (15 mg twice-daily for 3 weeks, then 20 mg daily for 2-6 months) or LMWH (dalteparin 200 IU/kg daily during month 1, then 150 IU/kg daily up to 6 months). The primary outcome measure was VTE recurrence in the 6 months after randomization. Notably, the Data Safety Monitoring Board decided to exclude patients with upper GI malignancy after the trial was in progress. The 6-month cumulative rate of VTE recurrence with rivaroxaban was significantly lower than with dalteparin (4% [rivaroxaban] versus 11% [dalteparin], hazard ratio [HR] 0.43, 95% CI 0.19-0.99). The rate of CRNMB was significantly higher with rivaroxaban (13% [rivaroxaban] versus 4% [dalteparin], HR 3.76, 95% CI 1. 63-8.69). A non-statistically significant increase in major bleeding was observed with rivaroxaban (6% [rivaroxaban] versus 4% [dalteparin]). Overall survival was similar between groups.

Copyright © 1093790 (OPIC 28/02/2016) Preliminary results from the ADAM VTE trial [START_REF] Mcbane | Apixaban, Dalteparin, in Active Cancer Associated Venous Thromboembolism, the ADAM VTE Trial[END_REF] were presented at the 2018 ASH meeting.

Three hundred patients with various types of CAT including upper extremity and splanchnic vein thrombosis were randomized to apixaban (10 mg twice-daily for 7 days followed by 5 mg twice-daily thereafter) versus dalteparin (200 IU/kg daily for 1 month, followed by 150 IU/kg daily thereafter) for 6 months. Rates of the primary outcome of major bleeding were low, with no significant difference between treatments (0 [apixaban] versus 3/142 (2.1%) [dalteparin], p=0.9956). Rates of a secondary safety composite endpoint of major and CRNMB were equivalent at 9% for both groups. Recurrent VTE, a secondary efficacy outcome, occurred in 5 patients (3.4%) in the apixaban group compared to 20 patients (14.1%) in the dalteparin group (HR 0.26, 95% CI 0.09-0.80, p=0.0182).

Duration of anticoagulation. The updated evidence review supports the use of LMWH

or DOAC for at least 6 months for CAT and we have extended the Grade 1A recommendation on the duration of anticoagulation (LMWH or DOAC) from 3 to 6 months. One meta-analysis of 16 RCTs (5167 cancer patients) assessed the safety and efficacy of LMWH, VKA, and DOAC for longterm CAT treatment, with 6 RCTs having a 6-12 months follow-up. Eight studies compared LMWH with VKAs (2327 patients). LMWH was associated with a 42% reduction in VTE recurrence compared to VKAs (RR 0.58, 95% CI 0.43-0.77). [START_REF] Kahale | Anticoagulation for the long-term treatment of venous thromboembolism in people with cancer[END_REF] No difference was found in rate of major (RR 1.09, 95% CI 0.55-2.12) or minor bleeding (RR 0.78, 95% CI 0.47-1.27), 12-month mortality (RR 1.00, 95% CI 0.88-1.13), or thrombocytopenia (RR 0.94, 95% CI 0.52-1.69). Five studies compared DOACs with VKAs (982 patients). The meta-analysis could not exclude a beneficial or harmful effect of DOACs compared to VKAs on VTE recurrence (RR 0.66, 95% CI 0.33-1.31), major (RR 0.77, 95% CI 0.38-1.57) and minor (RR 0.84, 95% CI 0.58-1.22) bleeding, or mortality (RR 0.93, 95% CI 0.71-1.21).

VTE recurrence in patients with cancer on anticoagulation.

No new studies have investigated VTE recurrence under anticoagulant treatment since the 2016 ITAC-CPGs.

Treatment of established central venous catheter-associated thrombosis in patients with cancer.

No new studies on established CVC-associated thrombosis were found. The 2016 ITAC-CPG recommendation is unchanged.

VTE Prophylaxis in Patients with Cancer

Recommendations for VTE prophylaxis in patients with cancer are presented in Panel 4.

The literature search did not identify any specific data on the perioperative management of anticoagulation in cancer patients with established VTE who are already receiving anticoagulant treatment. In the absence of specific data, the perioperative management of anticoagulation in these patients was not addressed in this review. Risk factors and assessment models to identify high-risk patients that could benefit from primary thromboprophylaxis are summarized in Panel 5. The most widely used model was developed by Khorana et al. [START_REF] Khorana | Development and validation of a predictive model for chemotherapy-associated thrombosis[END_REF] for ambulatory patients receiving chemotherapy.

VTE prophylaxis in patients undergoing cancer surgery

LMWH versus UFH.

A previous expanded meta-analysis (12890 patients with cancer), [START_REF] Akl | Low molecular weight heparin versus unfractionated heparin for perioperative thromboprophylaxis in patients with cancer[END_REF] consistent with its earlier version [START_REF] Akl | Low-molecular-weight heparin vs unfractionated heparin for perioperative thromboprophylaxis in patients with cancer: a systematic review and meta-analysis[END_REF] and a meta-analysis in general surgery, [START_REF] Mismetti | Meta-analysis of low molecular weight heparin in the prevention of venous thromboembolism in general surgery[END_REF] indicated that perioperative prophylaxis with daily LMWH was similar to UFH thrice-daily (RR 0•78, 95% CI 0•53-1•15), and superior to UFH twice-daily (RR 0•66, 95% CI 0•44-0•99). A new meta-analysis of 12 studies (10 RCTs, 2 retrospective), [START_REF] Guo | Perioperative Pharmacological Thromboprophylaxis in Patients With Cancer: A Systematic Review and Meta-analysis[END_REF] confirmed that LMWH was associated with a decreased risk for DVT compared with UFH (175 events in 5002 cancer patients versus 164 events in 2717 cancer patients, RR 0.81, 95% CI 0.66-1.00), with no significant differences in rates of bleeding (RR 0.73, 95% CI 0.49-1.08). Daily LMWH is more convenient than twice-or thrice-daily UFH and may be cost-neutral or cost-saving compared with UFH.

Since the 2016 ITAC-CPGs, there is no new evidence that would support the use of fondaparinux as an alternative to LMWH thromboprophylaxis.

Comparison between doses of LMWH.

The updated literature search found no new studies comparing different doses of LMWH in surgical cancer patients. As recommended in the 2016 ITAC-CPGs, the highest prophylactic dose of LMWH studied should be used in clinical practice.

Extended-duration (4 weeks) thromboprophylaxis. The 2016 ITAC-CPGs for extended

prophylaxis with LMWH in cancer patients undergoing laparotomy and laparoscopic surgery remains unchanged, with 4 new supporting meta-analyses changing the grade of the recommendation from Grade 1B to 1A. In the first meta-analysis, [START_REF] Fagarasanu | Role of Extended Thromboprophylaxis After Abdominal and Pelvic Surgery in Cancer Patients: A Systematic Review and Meta-Analysis[END_REF] extended-duration prophylaxis (2-6 weeks) significantly reduced the risk of any VTE (2.6 versus 5.6%, RR 0.44, 95%

Copyright © 1093790 (OPIC 28/02/2016) CI 0.28-0.70), proximal DVT (1.4 versus 2.8%, RR 0.46, 95% CI 0.23-0.91), but not symptomatic PE (0.8 versus 1.3%, RR 0.56, 95% CI 0.23-1.40). There was no significant increase in major bleeding (1.8 versus 1.0%, RR 1.19, 95% CI 0.47-2.97). In the second meta-analysis, [START_REF] Guo | Perioperative Pharmacological Thromboprophylaxis in Patients With Cancer: A Systematic Review and Meta-analysis[END_REF] extendedduration thromboprophylaxis was associated with a significant decrease in the incidence of DVT (RR 0.57, 95% CI 0.39-0.83), without significant increase in bleeding (RR 1.48, 95% CI 0.78-2.8).

Three observational studies (2 prospective, 1 retrospective) provided evidence for extendedduration prophylaxis after radical cystectomy [START_REF] Schomburg | Extended outpatient chemoprophylaxis reduces venous thromboembolism after radical cystectomy[END_REF][START_REF] Pariser | Extended Duration Enoxaparin Decreases the Rate of Venous Thromboembolic Events after Radical Cystectomy Compared to Inpatient Only Subcutaneous Heparin[END_REF] and liver resection. [START_REF] Kim | Extended pharmacologic thromboprophylaxis in oncologic liver surgery is safe and effective[END_REF] There is strong evidence supporting extended-duration prophylaxis for 4 weeks after cancer surgery provided that patients are not at high risk of bleeding. A third meta-analysis reported that extendedduration prophylaxis significantly reduced the rate for all VTE (OR 0.38, 95% CI 0.26-0.54), all DVT (OR 0.39, 95% CI 0.27-0.55), and proximal DVT (OR 0.22, 95% CI 0.10-0.47), with a nonsignificant reduction in symptomatic VTE (OR 0.30, 95% CI 0.08-1.11) and a non-significant increase in major bleeding (OR 1.10, 95% CI 0.67-1.81). [START_REF] Felder | Prolonged thromboprophylaxis with low molecular weight heparin for abdominal or pelvic surgery[END_REF] A fourth meta-analysis provided corroborating findings. [START_REF] Carrier | Extended thromboprophylaxis with low-molecular weight heparin (LMWH) following abdominopelvic cancer surgery[END_REF] Mechanical methods of prophylaxis. Since the 2016 ITAC-CPGs, one RCT assessed the clinical effectiveness of mechanical methods of thromboprophylaxis in 682 cancer patients. [START_REF] Jung | Venous Thromboembolism Incidence and Prophylaxis Use After Gastrectomy Among Korean Patients With Gastric Adenocarcinoma: The PROTECTOR Randomized Clinical Trial[END_REF] Patients with intermittent pneumatic compression (IPC) alone had a higher rate of VTE compared to IPC plus LMWH (3.6% [IPC] versus 0.6% [IPC+LMWH], p = 0.008), although bleeding rates were higher (9.1 versus 1.2%, p < 0.001). Two small randomized studies involving 30 patients [START_REF] Nagata | Randomized controlled trial of enoxaparin versus intermittent pneumatic compression for venous thromboembolism prevention in Japanese surgical patients with gynecologic malignancy[END_REF] and 90 patients [START_REF] Dong | Effect of low molecular weight heparin on venous thromboembolism disease in thoracotomy patients with cancer[END_REF] found no benefit of adding LMWH to mechanical methods of prophylaxis. Unchanged from the 2016 ITAC-CPGs, the use of mechanical methods of prophylaxis as monotherapy is not recommended, except when pharmacological methods are contraindicated.

Inferior vena cava filter placement.

No additional studies were available since the 2016 ITAC-CPGs. The recommendation against the routine use of IVC filters as primary VTE prophylaxis is unchanged.

VTE prophylaxis in hospitalized medically-treated patients with cancer

No new studies have been published that addressed prophylaxis in patients with cancer who are hospitalized with an acute medical illness.

VTE prophylaxis in ambulatory cancer patients receiving systemic anti-cancer therapy.

The risk for symptomatic VTE is approximately 5-10% in ambulatory patients receiving chemotherapy; the risk of VTE and of bleeding vary by cancer type, cancer treatment, and patient characteristics. [START_REF] Nisio | Primary prophylaxis for venous thromboembolism in ambulatory cancer patients receiving chemotherapy[END_REF] Unchanged from the 2016 ITAC-CPGs, primary prophylaxis is not recommended routinely in all ambulatory cancer patients receiving systemic anti-cancer therapy. The recommendation relating to primary prophylaxis in medical cancer patients should consider only small numbers of patients with certain common cancer types were included in the trials (i.e., breast, colorectal, prostate) and that the results may pertain only to specific DOACs (i.e., apixaban, rivaroxaban).

The updated search identified 5 RCTs and 7 meta-analyses (738-12352 patients) comparing anticoagulant prophylaxis to no intervention or placebo in ambulatory patients receiving systemic anticancer therapy. The duration of thromboprophylaxis in medical cancer patients is uncertain and has not been evaluated for more than a 6-month duration, and should be re-evaluated periodically based on individual patient risk-benefit assessment.

LMWHs.

A randomized trial [START_REF] Khorana | Dalteparin thromboprophylaxis in cancer patients at high risk for venous thromboembolism: A randomized trial[END_REF] assessed 12 weeks of prophylaxis with LMWH (dalteparin 5000 IU daily) versus no prophylaxis in 117 cancer patients with a Khorana score ≥3. A nonsignificant reduction in a composite measure of symptomatic and asymptomatic VTE (detected by weekly lower limb ultrasound) was observed with LMWH compared to placebo (12% versus 21%, HR 0.69, 95% CI 0.23-1.89), with no difference in major bleeding (1 event in each group). A second open-label trial [START_REF] Ek | Randomized phase III trial of low-molecular-weight heparin enoxaparin in addition to standard treatment in small-cell lung cancer: the RASTEN trial[END_REF] assessed an increased dose of LMWH (enoxaparin 1 mg/kg daily) in 390 patients with small cell lung cancer. The trial was designed to assess the effect of LMWH on mortality. No benefit was shown in overall and progression-free survival, but there was a significant reduction in VTE events (HR 0.31, 95% CI 0.11-0.84). A third RCT investigating the impact of LMWH on survival of patients with resected non-small cell lung cancer (NSCLC) reported no significant difference in 5-year survival (HR 1.24, 95% CI; 0.92-1.68) or occurrence of symptomatic VTE (SHR 0.94, 95% CI 0.68-1.30) between patients with resected NSCLC receiving tinzaparin versus no treatment. [START_REF] Meyer | Antitumor Effect of Low Molecular Weight Heparin in Localised Lung Cancer A Phase III Clinical Trial[END_REF] An updated meta-analysis assessed 26 RCTs

Copyright © 1093790 (OPIC 28/02/2016) comparing any oral or parenteral anticoagulant or mechanical intervention to no thromboprophylaxis or placebo (12352 patients). [START_REF] Nisio | Primary prophylaxis for venous thromboembolism in ambulatory cancer patients receiving chemotherapy[END_REF] LMWH reduced the rate of symptomatic VTE (RR 0.54, 95% CI 0.38-0.75) compared to no prophylaxis, with a non-significant increase in major bleeding (RR 1.44, 95% CI 0.98-2.11). In a subgroup of patients with multiple myeloma, LMWH was associated with a significant reduction in the rate of symptomatic VTE compared with VKA (RR 0.33, 95% CI 0.14-0.83), while the difference between LMWH and aspirin was not statistically significant (RR 0.51, 95% CI 0.22-1.17). A second new meta-analysis involving 18

RCTs (9575 patients) reported that prophylaxis with a parenteral anticoagulant (UFH, LMWH, fondaparinux) in all ambulatory cancer patients receiving chemotherapy was associated with a reduced risk for symptomatic VTE (RR 0.56, 95% CI 0.47-0.68) and a statistically significant increase in minor bleeding risk (RR 1.70, 95% CI 1.13-2.55). Major bleeding was not increased (RR 1.30, 95% CI 0.94-1.79). [START_REF] Akl | Parenteral anticoagulation in ambulatory patients with cancer[END_REF] DOACs. Since the 2016 ITAC-CPGs, two RCTs assessed DOACs for the primary prevention of VTE in selected ambulatory cancer patients at intermediate-to-high risk for VTE, defined by a Khorana score ≥2. [START_REF] Khorana | Rivaroxaban for Thromboprophylaxis in High-Risk Ambulatory Patients with Cancer[END_REF][START_REF] Carrier | Apixaban to Prevent Venous Thromboembolism in Patients with Cancer[END_REF] In such patients observational studies have shown a 8-12% risk for VTE during the period of chemotherapy. [START_REF] Lyman | Venous thromboembolism risk in patients with cancer receiving chemotherapy: a real-world analysis[END_REF] The CASSINI trial, [START_REF] Khorana | Rivaroxaban for Thromboprophylaxis in High-Risk Ambulatory Patients with Cancer[END_REF] compared up to 6 months of thromboprophylaxis with rivaroxaban (10 mg daily) to placebo in 841 cancer patients initiating chemotherapy after excluding 4.5% of eligible patients found to have lower extremity VTE at the time of enrollment. Patients with primary or metastatic brain cancer were also excluded.

The primary endpoint was a composite measure of symptomatic or asymptomatic DVT or PE, and VTE-related death. Patients receiving rivaroxaban experienced fewer primary endpoint events compared to placebo while on-treatment (HR 0.40, 95% CI 0.20-0.80), whereas the difference between the groups was non-significant over the entire 6-month observation period (HR 0.66, 95% CI 0.40-1.09, p = 0.10). When combining the composite primary endpoint with all-cause of mortality, using a pre-specified intention-to-treat analysis, patients on rivaroxaban experienced fewer events compared to placebo (23.1% versus 29.5%, HR 0.75, 95% CI 0.57-0.97). There was no difference in major bleeding (HR 1.96, 95% CI 0.59-6.49). The AVERT trial [START_REF] Carrier | Apixaban to Prevent Venous Thromboembolism in Patients with Cancer[END_REF] compared apixaban, 2.5 mg twice-daily, with placebo for 6 months in 573 cancer patients initiating chemotherapy. Based on the modified intention-to-treat analysis, there was a lower Copyright © 1093790 (OPIC 28/02/2016) risk of the primary outcome of symptomatic and incidental VTE with apixaban (4.2% versus 10.2%, HR 0.14, 95% CI 0.26-0.65, p<0.001), but an increased risk of major bleeding (3.5% versus 1.8%, HR 2.00, 95% CI 1.01-3.95, p = 0.046). Both studies excluded patients considered at increased risk of bleeding and also had a high rate of discontinuation of medication (36% to 50%) for both active drug and placebo. The CASSINI [START_REF] Khorana | Rivaroxaban for Thromboprophylaxis in High-Risk Ambulatory Patients with Cancer[END_REF] and AVERT [START_REF] Carrier | Apixaban to Prevent Venous Thromboembolism in Patients with Cancer[END_REF] trials indicate a net clinical benefit of initiating anticoagulant prophylaxis with a DOAC (rivaroxaban 10 mg daily or apixaban 2.5 mg twice-daily) in selected cancer patients initiating chemotherapy, prompting a new ITAC-CPGs recommendation (see panel 4).

Anticoagulant thromboprophylaxis in selected patients according to tumor types

Lung cancer patients. Two new meta-analyses consistently showed that in lung cancer patients, LMWH confers a relative VTE risk reduction, [START_REF] Yu | Adjuvant therapy with heparin in patients with lung cancer without indication for anticoagulants: A systematic review of the literature with meta-analysis[END_REF][START_REF] Fuentes | Meta-analysis on anticoagulation and prevention of thrombosis and mortality among patients with lung cancer[END_REF] with an increase in bleeding. Another meta-analysis of 6 RCTs in ambulatory lung cancer patients receiving chemotherapy (4315 patients) [START_REF] Thein | Primary thromboprophylaxis (PTP) in ambulatory patients with lung cancer receiving chemotherapy: A systematic review and meta-analysis of randomized controlled trials (RCTs)[END_REF] reported a 4.0% incidence of VTE with LMWH compared to 7.9% in groups without prophylaxis or placebo (risk ratio 0.51, 95% CI 0.40-0.65), with no significant difference in major bleeding (pooled risk ratio 1.47, 95% CI 0.79-2.75) and a significant increase in CRNMB (RR 3.2, 95% CI 2.09-5.06). Overall survival was not increased with LMWH (pooled risk ratio 1.02, 95% CI 0.94-1.11).

Pancreatic cancer patients.

One new meta-analysis reported a significant VTE rate reduction in patients with pancreatic cancer (RR 0.18, 95% CI 0.08-0.40), without significant increase in bleeding events. [START_REF] Tun | Benefit and risk of primary thromboprophylaxis in ambulatory patients with advanced pancreatic cancer receiving chemotherapy: a systematic review and metaanalysis of randomized controlled trials[END_REF] The best net clinical benefit of thromboprophylaxis with LMWH is observed in pancreatic cancer patients receiving chemotherapy, whereas in other patient groups, including lung cancer, this benefit appears to be offset by an increased risk for bleeding.

The use of VTE prophylaxis with LMWH for ambulatory cancer patients with pancreatic cancer receiving chemotherapy is supported by 2 RCTs and remains a Grade 1B recommendation in the updated 2019 ITAC-CPGs.

Unselected cancer types.

One new meta-analysis of 7 RCTs assessed the effects of oral anticoagulants (VKAs or apixaban) versus placebo or no intervention of primary VTE prophylaxis in cancer patients (1486 patients). [START_REF] Kahale | Oral anticoagulation in people with cancer who have no therapeutic or prophylactic indication for anticoagulation[END_REF] In the 6 RCTs comparing a VKA to no prophylaxis, there was no survival advantage with VKA therapy, but a significant increase in major (RR 2.93, 95% CI 1.86-4.62) and minor (RR 3.14, 95% CI 1.85-5.32) bleeding was observed. 

Myeloma patients treated with

Prophylaxis of Central Venous Catheter (CVC)-related VTE

The recommendation against routine primary prophylaxis of CVC-related VTE remains unchanged. One new meta-analysis of 13 studies (3420 patients) in cancer patients with a CVC did not confirm or exclude a beneficial or detrimental effect of low-dose VKA compared to no VKA on mortality, symptomatic catheter-related VTE, major bleeding, minor bleeding, or premature catheter removal, but found moderate-certainty evidence that LMWH reduced CVCrelated thrombosis compared to no LMWH (RR 0.43, 95% CI 0.22-0.81) without increase in major or minor bleedings. [START_REF] Kahale | Anticoagulation for people with cancer and central venous catheters[END_REF] One systematic review and meta-analysis showed that centrally inserted CVCs were associated with a decrease in CVC-related VTE compared with peripherally inserted CVCs (OR 0.45, 95% CI 0.32-0.62). [START_REF] Lv | Risk associated with central catheters for malignant tumor patients: a systematic review and meta-analysis[END_REF] 

VTE treatment in special cancer situations

Recommendations on VTE prevention and treatment for patients in special clinical situations are presented in panel 6.

Patients with Brain Tumors.

Since the 2016 ITAC-CPGs, one retrospective study [START_REF] Chai-Adisaksopha | Outcomes of low-molecular-weight heparin treatment for venous thromboembolism in patients with primary and metastatic brain tumours[END_REF] found that the rate of recurrent VTE did not significantly differ between cancer patients with or without primary or metastatic brain tumors (364 patients, 11 [95 % CI 6.7-17.9] per 100 patient-years versus 13.5 [95 % CI 9.3-19.7] per 100 patient-years), but that rates of intracranial bleeding were higher (4.4 % versus 0 %, p=0.004). One new meta-analysis based on 9 retrospective studies [START_REF] Zwicker | A meta-analysis of intracranial hemorrhage in patients with brain tumors receiving therapeutic anticoagulation: reply[END_REF] reported that the risk of ICH in patients with brain tumors was increased by 2-fold with compared to without anticoagulation (OR 2.13, 95% CI 1.00-4.56), and more than 3-fold in patients with glioma (OR 3.75, 95% CI 1.42-9.95). In patients with brain metastases, therapeutic anticoagulation was not associated with an increased risk of ICH (OR 1.07, 95% CI 0.61-1.88). A second new meta-analysis of 10 RCTs 62 assessed the benefit-to-risk ratio of several methods of VTE prophylaxis in 1263 patients with brain tumor undergoing Copyright © 1093790 (OPIC 28/02/2016) craniotomy. Prophylactic measures conferred a significant reduction in VTE risk, with no increase in major bleeding. UFH alone showed a stronger reduction in VTE risk compared to placebo (RR 0.27, 95 % CI 0.10-0.73), and LMWH combined with mechanical prophylaxis showed a lower VTE risk compared to mechanical prophylaxis alone (RR 0.61, 95 % CI 0.46-0.82).

Patients with Thrombocytopenia.

The recommendation for anticoagulant treatment of established VTE in cancer patients with thrombocytopenia is unchanged. Since the 2016 CPGs, one retrospective study [START_REF] Khanal | Venous thromboembolism in patients with hematologic malignancy and thrombocytopenia[END_REF] reported VTE recurrence rates in 47 patients with hematologic malignancy and thrombocytopenia (platelets <50×10 9 /L) and 81 patients with hematologic malignancy without thrombocytopenia. One systematic review [START_REF] Bannow | Management of anticoagulation for cancerassociated thrombosis in patients with thrombocytopenia: A systematic review[END_REF] of 121 patients with CAT and thrombocytopenia reported a high risk of recurrent VTE (27%) and bleeding (15%), but available data do not support one management strategy over another to treat CAT in patients with thrombocytopenia.

Patients with Renal Failure. The recommendation for anticoagulant treatment of established VTE in cancer patients with renal failure is unchanged. Since the 2016 CPGs, a posthoc analysis of data from the CLOT study [START_REF] Woodruff | A post hoc analysis of dalteparin versus oral anticoagulant (VKA) therapy for the prevention of recurrent venous thromboembolism (rVTE) in patients with Copyright © 1093790 (OPIC 28/02/2016) cancer and renal impairment[END_REF] compared dalteparin with VKA for the prevention of recurrent VTE in a patient subgroup with renal failure (CrCl<60 mL.min -1 , 162 out of 676 patients). Compared to VKA, dalteparin conferred a significantly reduced risk of recurrent VTE (HR 0.15, 95% CI 0.03-0.65, p = 0.01), with a similar safety profile. Second, a post-hoc analysis of patients with renal failure (GFR-MDR<60 mL.min -1 /1.73m) in the CATCH study (131 out of 733 patients), [START_REF] Bauersachs | Renal Impairment, Recurrent Venous Thromboembolism and Bleeding in Cancer Patients with Acute Venous Thromboembolism-Analysis of the CATCH Study[END_REF] reported a statistically significant increase in risk of recurrent VTE (RR 1.74, 95%CI 1.06-23.85) and major bleeding (RR 2.98, 95% CI 1.29-6.90) compared to patients without renal failure, with no significant difference in clinically relevant bleeding or mortality observed between LWMH treated or VKA treated patients.

Obese patients. Consideration for a higher dose of LMWH should be given in obese cancer-surgery patients. In non-cancer surgical patients, empirically derived higher LMWH dosing regimens have been used for thromboprophylaxis although the evidence to support this practice is limited. 67

PANELS AND TABLES Panel 1. Grading of Recommendations Assessment, Development, and Evaluation (GRADE) scale and additional economic considerations

Levels of Evidence

• High (A) Further research is very unlikely to change our confidence in the estimate of effect.

• Moderate (B) Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

• Low (C) Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. • Very low (D) Any estimate of effect is very uncertain.

Levels of recommendation • Strong (Grade 1)

The panel is confident that the desirable effects of adherence to a recommendation outweigh the undesirable effects.

• Weak (Grade 2) The panel concludes that the desirable effects of adherence to a recommendation probably outweigh the undesirable effects, but is not confident.

• Best clinical practice (Guidance) In the absence of any clear scientific evidence and because of undetermined balance between desirable and undesirable effects, judgment was based on the professional experience and consensus of the international experts within the working group.

Additional economic considerations taken into account during the development and ranking of the recommendations.

• The price of a drug varies in different countries and in different regions of the world. • In the case of a strong recommendation, the benefit to the patient outweighs health economics considerations.

• Costs of anticoagulants are negligible compared to the cost of cancer treatment.

Panel 2. Search strategy and selection criteria

The update literature search for all studies published between January 2015 and Dec 2018 was performed by INCa using MEDLINE and several other databases (eg EMBASE, CCTR), with the following subject headings: cancer, venous thromboembolism, and anticoagulant drugs and devices. The literature search was limited to publications in English or French. Members of the working group had the opportunity to add additional references that the bibliographic search did not identify. Meta-analyses, systematic reviews, randomized clinical trials, or non-randomized prospective or retrospective studies in the absence of randomized clinical trials, were included. Articles were selected for potential inclusion based on article selection grids designed for each clinical question. For inclusion in the analysis, studies had to focus on the therapeutic management of confirmed VTE in cancer patients, prophylaxis of VTE in cancer patients in the surgical and medical settings, or on the treatment and prophylaxis of thrombosis related to central venous catheter placement in cancer patients. Studies in patients with thrombosis related to tumor material or a history of cancer in remission for more than 5 years were excluded from the analysis. Studies which did not report VTE or side-effects of anticoagulation as outcomes were also excluded. The main study outcomes were rates of VTE (first event or recurrence), major and minor bleeding, thrombocytopenia and death.

Copyright © 1093790 (OPIC 28/02/2016) DOACs are oral anticoagulants which offer an easier route of administration compared to LMWHs (oral). Their absorption may be affected by vomiting, which occurs in up to 50% of patients. [START_REF] Pirri | Risk factors at pretreatment predicting treatment-induced nausea and vomiting in Australian cancer patients: a prospective, longitudinal, observational study[END_REF] The DOACs are administered as fixed dose regimens with predictable anticoagulant effects. [START_REF] Verso | Pros and cons of new oral anticoagulants in the treatment of venous thromboembolism in patients with cancer[END_REF] P-glycoprotein (P-gp) transport and CYP 3A4 metabolic pathways are inhibited by tyrosine-kinase inhibitors and hormonal therapies, and induced by doxorubicin, vinblastine and dexamethasone. [START_REF] Lee | Treatment of cancer-associated thrombosis: perspectives on the use of novel oral anticoagulants[END_REF] Concomitant administration of chemotherapy agents or anti-angiogenic therapies with DOACs may result in reduced responses to these anti-cancer treatments and an increased risk of bleeding. LMWH is not associated with risk of interaction with chemotherapy, and does not rely on oral intake or gastrointestinal absorption. [START_REF] Verso | Pros and cons of new oral anticoagulants in the treatment of venous thromboembolism in patients with cancer[END_REF] LMWH has a more onerous route of administration, requires weight adjustment of the dose, and can be associated with heparin-induced thrombocytopenia.

Idarucizumab is a humanized monoclonal antibody fragment which targets oral direct thrombin inhibitors (DTI). Idarucizumab is approved for use in the European Union, UK, Canada and US. Andexanet alfa (PRT064445 or PRT4445) is a modified recombinant FXa protein, which can target oral FXa inhibitors, injectable LMWH, and fondaparinux. In May 2018, the FDA approved andexanet alfa for reversing the anticoagulant effect of apixaban and rivaroxaban during serious bleeding events. Andexanet alfa is currently undergoing regulatory evaluation in Canada, the EU and the UK. Aripazine (PER977) is a synthetic small molecule that can target oral FXa inhibitors, DTIs, injectable UFH, LMWH, and fondaparinux. Aripazine is currently in Phase II trials, and was granted fast-track status in the US in April 2015. 

Panel 5. Risk stratification schemes for prophylaxis of venous thromboembolism in patients with cancer

Patients with cancer are at increased risk of VTE, which is determined by the clinical setting and the presence of various risk factors. [START_REF] Ay | Cancer-associated venous thromboembolism: Burden, mechanisms, and management[END_REF] A timedependent association between VTE and cancer has also been observed, with most VTE events occurring within the first 6 months after cancer diagnosis.

Risk factors for VTE in cancer

• Risk factors associated with the tumor characteristics: primary site, histological grade, Tumour Node Metastasis (TNM) staging • Risk factors associated with the cancer treatments: surgery and/or hospitalization; central venous catheters; systemic anti-cancer therapy, including radiotherapy, chemotherapy (e.g. cisplatin), anti-angiogenesis agents, immunomodulatory drugs (IMIDs), hormonal therapy, erythropoiesis-stimulating agents, red blood cell or platelet transfusions.

•

General individual VTE risk factors: history of previous VTE, advanced age, obesity, immobility, prothrombotic variants (e.g. factor V Leiden), and comorbidities. Emerging biomarkers [START_REF] Pabinger | Biomarkers for prediction of venous thromboembolism in cancer[END_REF][START_REF] Mauracher | Citrullinated histone H3, a biomarker of neutrophil extracellular trap formation, predicts the risk of venous thromboembolism in cancer patients[END_REF][START_REF] Geddings | Tumor-derived tissue factor-positive microparticles and venous thrombosis in cancer patients[END_REF][START_REF] Riedl | Podoplanin expression in primary brain tumors induces platelet aggregation and increases risk of venous thromboembolism[END_REF][START_REF] Unruh | Mutant IDH1 and thrombosis in gliomas[END_REF] • Blood-count parameters: platelets, leukocytes 

Risk assessment models

The Khorana Risk Scoring Model [START_REF] Khorana | Development and validation of a predictive model for chemotherapy-associated thrombosis[END_REF] was developed for VTE risk assessment in patients receiving chemotherapy. This risk score was externally validated in the Vienna CATS study and other studies [START_REF] Ay | Prediction of venous thromboembolism in cancer patients[END_REF] although recent publications questioned its reproducibility in certain patient populations. [START_REF] Van Es | Comparison of risk prediction scores for venous thromboembolism in cancer patients: a prospective cohort study[END_REF][START_REF] Mansfield | Predictors of active cancer thromboembolic outcomes: validation of the Khorana score among patients with lung cancer[END_REF][START_REF] Bezan | Risk stratification for venous thromboembolism in patients with testicular germ cell tumors[END_REF] Several variations of the Khorana risk score have been performed to improve risk assessment, including 1) the extended "Vienna CATS Score" [START_REF] Ay | Prediction of venous thromboembolism in cancer patients[END_REF] 2) the PROTECHT [START_REF] Verso | A modified Khorana risk assessment score for venous thromboembolism in cancer patients receiving chemotherapy: the Protecht score[END_REF] , and 3) the CONKO score. 

+1

WHO performance status +1 †Very high-risk tumors: pancreajc, gastric; ‡high risk tumors: lung, lymphoma, bladder, tesjcular or gynecological; # The Vienna CATS score added primary brain tumor patients (glioma) to the list of very highrisk tumors; BMI, body mass index; WHO, world Health Organization

The COMPASS-CAT risk assessment model [START_REF] Gerotziafas | A Predictive Score for Thrombosis Associated with Breast, Colorectal, Lung, or Ovarian Cancer: The Prospective COMPASS-Cancer-Associated Thrombosis Study[END_REF] was developed for use in only breast, colorectal, lung, and ovarian cancer and includes the following variables: anthracycline or anti-hormonal therapy, time since cancer diagnosis, central venous catheter, stage of cancer, presence of cardiovascular risk factors, recent hospitalization for acute medical illness, personal history of VTE and platelet count.

The ONKOTEV [START_REF] Cella | Preventing Venous Thromboembolism in Ambulatory Cancer Patients: The ONKOTEV Study[END_REF] score is based on a Khorana score of >2, then adds metastatic disease, previous VTE, and vascular/lymphatic compression.A combination of genetic and clinical factors was used to develop the TiC-Onco score [START_REF] Munoz Martin | Multivariable clinical-genetic risk model for predicting venous thromboembolic events in patients with cancer[END_REF] , which performed better than the Khorana risk score in identifying cancer patients at risk of VTE Pabinger et al. followed a pre-specified process to develop and externally validate in a single prospective cohort (MICA) of 832 cancer patients a simple clinical prediction model that only includes the tumor site category (very-high and high versus intermediate or low) and D-dimer levels as a continuous variable, and a nomogram and online risk calculator (http://catscore.meduniwien.ac.at) is provided for estimating an individual cancer patient´s VTE risk. [START_REF] Pabinger | A clinical prediction model for cancer-associated venous thromboembolism: a development and validation study in two independent prospective cohorts[END_REF] 

  Early maintenance (up to 6 months) and long-term (beyond 6 months) treatment of established VTE Unchanged from the 2016 CPGs, LMWHs are the preferred treatment for CAT over VKAs. Edoxaban and rivaroxaban are now also recommended for the early maintenance and longterm treatment of VTE in cancer patients without contraindications, including risk of strong drug-drug interactions or impaired GI absorption or excessive bleeding risk, especially those with GI or urogenital malignancies. A list of drugs that can potentially interfere with the action of DOACs is included in the Supplementary Appendix (page 88) and should be considered in clinical decisions about DOAC use. Patients who were receiving these drugs were excluded from the randomized trials assessing DOACs for the prevention and treatment of cancer-associated thrombosis. LMWH versus VKA. Since the 2016 ITAC-CPGs, no new RCTs comparing LMWH to VKA have been published. LMWH is preferred over VKA for early maintenance treatment of CAT.

  IMIDs. No new studies have assessed LMWH or DOAC thromboprophylaxis in this specific population since the 2013 ITAC CPG. The recommendation remains unchanged.
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  One updated metaanalysis of cancer patient subgroups from 6 studies (446 cancer patients) 27 demonstrated a greater reduction in mortality with LMWH than with UFH treatment (Peto Odds Ratio [OR] 0.53, 95% confidence interval [CI] 0.33-0.85, P = 0.009). Another meta-analysis 28 assessing the first 5-10 days of anticoagulant therapy in cancer patients analysed mortality at 3 months in 5 studies (418 patients), and recurrent VTE in 3 studies (422 patients). Compared to UFH, LMWH

	was associated with no significant difference in mortality (risk ratio [RR] 0.66, 95% CI 0.40-1.10)
	and VTE recurrence (RR 0.69, 95% CI 0.27-1.76). Fondaparinux was not statistically different
	from LMWH or UFH in mortality at 3 months (RR 1.25, 95% CI 0.86-1.81), recurrent VTE
	(RR 0.93, 95% CI 0.56-1.54), major (RR 0.82, 95% CI 0.40-1.66) or minor (RR 1.53, 95% CI 0.88-
	2.66) bleeding.

Table 2 . Randomized clinical trials assessing the efficacy and safety of direct oral anticoagulants in the treatment and prophylaxis of cancer-associated thrombosis Treatment of acute CAT VTE prophylaxis

 2 

		HOKUSAI VTE-CANCER	SELECT-D	ADAM-VTE	CASSINI	AVERT
		[RASKOB2017]	[YOUNG2018]	[MCBANE2018]	[KHORANA2018]	[CARRIER2018]
	Number of	1050	406	300	841	574
	randomized					
	Patients					
	Trial design	• Non-inferiority	• Pilot	• Superiority	• Superiority	• Superiority
	DOAC	• Edoxaban	• Rivaroxaban	• Apixaban	• Rivaroxaban	• Apixaban
		Dalteparin for at least 5	15 mg twice daily for 3	10 mg twice daily for 7 days	10 mg once daily	2.5 mg twice daily
		days, followed by edoxaban	weeks, followed by 20 mg	followed by 5 mg twice		
		60 mg once daily, for 6-12	once daily for 2-6 months	daily for 6 months		
		months				
	Comparator	• LMWH	• LMWH	• LMWH	• Placebo	• Placebo
		Daltaparin 200 IU/kg once	Daltaparin 200 IU/kg once	Daltaparin 200 IU/kg once		
		daily first 30 days, followed	daily first 30 days, followed	daily first 30 days, followed		
		by 150 IU/kg daily	by 150 IU/kg daily	by 150 IU/kg daily		
	inclusion criteria	• Patients with cancer and	• Patients with cancer and	• Patients with cancer and	• Ambulatory cancer patients	• Ambulatory cancer patients
		symptomatic or incidental	symptomatic or incidental	symptomatic or incidental	at intermediate-to-high risk	at intermediate-to-high risk
		acute VTE	acute VTE DVT	acute VTE	for VTE (Khorana score, ≥2)	for VTE (Khorana score, ≥2)
					who were initiating	who were initiating
					chemotherapy	chemotherapy
	Cancers included	• Cancer other than basal-cell	• Active solid or	• Active solid or	• Solid tumors or lymphomas	• Cancer other than basal-
		or squamous-cell skin	hematological cancers,	hematological cancers,	with locally advanced or	cell or squamous-cell skin
		cancer	other than basal-cell or	other than basal-cell or	metastatic disease. Primary	carcinoma, acute leukemia,
			squamous-cell skin	squamous-cell skin	brain tumor, known brain	or myeloproliferative
			carcinoma. Patients with	carcinoma.	metastases, or hematologic	neoplasms
			upper GI malignancy were		malignancies (except	
			also excluded from the trial		lymphoma) were excluded	
	Primary outcome measures	• Composite measure of recurrent VTE or major	• VTE recurrence in the 6 months after	• Major bleeding including fatal bleeding	• Composite measure of DVT, PE, and VTE-related death	• Objectively documented VTE (proximal DVT, PE)
		bleeding within 12 months after randomization	randomization		• Major bleeding	over a 6-month follow-up period
						• Major bleeding
	Primary outcome results	• Edoxaban: 12.8% • Dalteparin:13.5%	• Rivaroxaban: 4% • Dalteparin: 11%	• Apixaban: 0% • Dalteparin: 2.1%	Composite on-treatment • Rivaroxaban: 2.6% • Placebo: 6.4%	VTE • Apixaban: 4.2% • Placebo: 10.2%
					Composite -up to 6-months • Rivaroxaban: 6.0% • Placebo: 8.8%	Major bleeding • Apixaban: 3.5% • Placebo: 1.8%
					Major bleeding	
					• Rivaroxaban: 2.0% • Placebo: 1.0%	
	Major secondary Outcomes	Recurrent VTE • Edoxaban: 7.9% • Dalteparin: 11.3% Major bleeding	Major bleeding • Rivaroxaban: 13% • Dalteparin: 4% CRNMB	Recurrent VTE (DVT.PE, fatal PE) • Apixaban: 3.4% • Dalteparin: 14.1%	CRNMB • Rivaroxaban: 2.7% • Placebo: 2.0%	CRNMB • Apixaban: 7.3% • Placebo: 5.5%
		• Edoxaban: 6.9% • Dalteparin: 4.0%	• Rivaroxaban: 6% • Dalteparin: 4%	• Major + Fatal + CRNMB • Apixaban: 9.0% • Dalteparin: 9.0%		

  • Markers of activation of blood coagulation and platelets: D-dimers, high endogenous thrombin generation potential, soluble Pselectin • Markers of neutrophil extracellular trap (NETs) formation (i.e. citrullinated histone H3) • Microvesicles-associated tissue factor (MV-TF) activity • High podoplanin expression and iscocitrate dehydrogenase 1 (IDH1) mutation (in brain tumors only)

Copyright © 1093790 (OPIC 28/02/2016)
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CONCLUSION

CAT is a concerning problem for cancer patients, increasing both morbidity and mortality. The DOACs have changed the approach to care for patients in atrial fibrillation and VTE, and new data now suggest a role for DOACs in CAT treatment and prophylaxis. The 2019 updated ITAC-CPGs following a strong methodology place these data in the framework of established approaches to all aspects of treatment and prophylaxis of CAT. The ITAC-CPGs accompanying free ITAC-CME web-based mobile App (for iOS and Android see http://www.itacccme.com) will assist the practicing clinician with decision making at a variety of levels to provide optimal care of cancer patients to prevent and treat VTE.

Contributors

The 

No data available in patients with end-stage renal disease or on dialysis

Considerations for hepatic insufficiency

Liver enzymes twice normal limit or if acute liver diseases: not recommended

Moderate hepatic impairment: Caution

Hepatic disease with caoagulopathy and clinically relevant bleeding risk: Contraindicated

Mild or moderate hepatic impairment: Caution, but no dose adjustment required

Severe hepatic impairment: Not recommended

Hepatic disease with caoagulopathy and clinical relevant bleeding risk: Contraindicated

Mild hepatic impairment: No dose reduction

Moderate or severe hepatic impairment: Not recommended

Interaction

P-gp inducers/inhibitors P-gp inducers/inhibitors CYP3A4 CYP2j2

P-gp inducers/inhibitors CYP3A4 P-gp inducers /inhibitors CYP3A4

SPECIFIC TRIALS IN CANCER PATIENTS

NONE SELECT D [YOUNG2018] CASSINI [KHORANA2018] ADAM-VTE [MCBANE2018] AVERT [CARRIER 2018] HOKUSAI [RASKOB2018]
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