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Abstract

:

Simple Summary


Thromboembolic events occur in up to 20% of cancer patients during their course of disease. In addition, thromboembolism contributes relevantly to morbidity and mortality in this cohort. As a consequence, primary prophylaxis to prevent thromboembolic events is crucial. Due to enhanced bleeding risk in cancer patients, anticoagulation can be challenging in daily practice. Herein, we performed a systematic review regarding primary prophylaxis for thromboembolic events in cancer patients in order to aid clinicians in daily decision making. Besides general recommendations, specific subgroups were addressed, and recommendations are given at the end of each chapter. All topics were extensively reviewed and discussed among an expert panel including oncologists, hematologists, and hemostasis specialists, as members of the hemostasis working party of the German and Austrian Society of Hematology and Oncology as well as the German Society of Thrombosis and Hemostasis Research.




Abstract


Patients with cancer, both hematologic and solid malignancies, are at increased risk for thrombosis and thromboembolism. In addition to general risk factors such as immobility and major surgery, shared by non-cancer patients, cancer patients are exposed to specific thrombotic risk factors. These include, among other factors, cancer-induced hypercoagulation, and chemotherapy-mediated endothelial dysfunction as well as tumor-cell-derived microparticles. After an episode of thrombosis in a cancer patient, secondary thromboprophylaxis to prevent recurrent thromboembolism has long been established and is typically continued as long as the cancer is active or actively treated. On the other hand, primary prophylaxis, even though firmly established in hospitalized cancer patients, has only recently been studied in ambulatory patients. This recent change is mostly due to the emergence of direct oral anticoagulants (DOACs). DOACs have a shorter half-life than vitamin K antagonists (VKA), and they overcome the need for parenteral application, the latter of which is associated with low-molecular-weight heparins (LMWH) and can be difficult for the patient to endure in the long term. Here, first, we discuss the clinical trials of primary thromboprophylaxis in the population of cancer patients in general, including the use of VKA, LMWH, and DOACs, and the potential drug interactions with pre-existing medications that need to be taken into account. Second, we focus on special situations in cancer patients where primary prophylactic anticoagulation should be considered, including myeloma, major surgery, indwelling catheters, or immobilization, concomitant diseases such as renal insufficiency, liver disease, or thrombophilia, as well as situations with a high bleeding risk, particularly thrombocytopenia, and specific drugs that may require primary thromboprophylaxis. We provide a novel algorithm intended to aid specialists but also family practitioners and nurses who care for cancer patients in the decision process of primary thromboprophylaxis in the individual patient.
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1. Introduction


With physicians being aware of the increased risk of thromboembolic complications in cancer patients and the high impact of these events on quality of life, morbidity, and mortality as well as the connected economic burden, studies on the role of primary pharmacological prophylaxis in different populations of cancer patients started more than 20 years ago, and some more recent studies are ongoing.



A venous thrombotic/thromboembolic event (VTE) is a frequent and serious complication of cancer. VTEs in cancer patients not only cause significant morbidity and mortality [1], they are also a ‘signum malum’, indicating an adverse prognosis of the cancer itself [2,3]. This negative prognostic effect has been shown for all common cancer types, e.g., gastrointestinal cancer [4], lung cancer [5,6], breast cancer [7] prostate cancer [8], and hematological malignancies [9]. This adverse prognosis has been attributed to several factors [10,11]: first, VTEs may directly lead to death. It has been shown that, while most cancer patients die from tumor progression, thromboembolism (both venous and arterial events) ranks second as a cause of death [1]. The tumor itself also activates coagulation. Biologically active tumors release thrombogenic material, and VTE is an indicator of cancer cell proliferation [10,12,13]. Moreover, patients who have a progressive tumor are more likely to undergo surgery, systemic anti-cancer therapy, or other medical interventions that increase the risk of VTE [11,14,15,16]. VTE risk is particularly high during the first months of cancer treatment [7,10]. Finally, besides direct adverse effects, VTEs may cause delays or even discontinuation of cancer treatment with a negative impact on prognosis. Despite these well-recognized interactions, clinical trials have failed to demonstrate a survival benefit for primary thromboprophylaxis in cancer patients generally [17,18,19,20]. Moreover, while several randomized clinical trials have shown that thromboprophylaxis reduced VTE-related morbidity in cancer patients [17,19,20,21,22,23,24,25,26], albeit mostly at an increased bleeding risk, other studies have failed to show significantly reduced VTEs [16,18]. Here, we review current evidence for primary thromboprophylaxis in cancer patients and provide recommendations on its use for daily practice scenarios. Besides recommendations after each paragraph, all recommendations are summarized in a comprehensive table in the supplement (Supplementary Materials Table S1).




2. Material and Methods


By review of publications (up to 15 August 2020 in English or German) in Pubmed (http://www.ncbi.nlm.nih.gov/pubmed, accessed 15 August 2020) using the following keywords: “primary thromboprophylaxis AND cancer”. 259 publications were identified. Other publications were subsequently selected based on the specific scenarios described in this review, which had been defined by the group of co-authors.




3. Results and Recommendations: General Recommendations for Primary Thromboprophylaxis in Patients with Malignancies


3.1. Studies in Unselected Cancer Patient Cohorts


3.1.1. VTE Prevention in Patients with Cancer Hospitalized Due to Medical Reasons


Large studies on prophylactic anticoagulation, as compared to placebo, in patients with acute medical illness have demonstrated a risk reduction for VTE without a significant increase in bleeding events [27,28,29] (Table 1), with a favorable safety profile of low-molecular-weight heparins (LMWHs) compared to unfractionated heparin (UFH) [30]. In these studies, only 5 to 15% of patients had cancer. LMWH and UFH showed similar efficacy and safety in a subgroup of hospitalized patients with cancer [31]. According to a systematic meta-analysis of more than 300 hospitalized cancer patients, out of a subgroup of almost 5000 patients from three randomized trials, prophylactic anticoagulation with LMWH or fondaparinux, as compared to placebo, was unable to provide a benefit in VTE reduction [16]. No cancer-specific in-patient thromboprophylaxis trials have been conducted. Nevertheless, most guidelines [32,33,34,35] support the use of pharmacological prevention in cancer patients admitted to the hospital with an acute medical illness. For mobile cancer patients admitted to the hospital for non-surgical diagnostic purposes or for complex anti-cancer therapies, the indication for thromboprophylaxis should follow the recommendations for outpatients, since the Khorana score (KS, Table 2) has shown validity in predicting VTE development in hospitalized patients as well [36] (see Figure 1 and below).



On the other hand, non-hospitalized but “immobilized” cancer patients should be considered for thromboprophylaxis similarly to hospitalized patients (Figure 1). The term “immobilized patients” is used here to denote patients who are bedbound, unable to walk unaided, or likely to spend a substantial proportion of the day in bed or in a chair. Immobilization is a generally recognized risk factor for VTE of its own.




3.1.2. VTE Prevention in Ambulatory Patients with Cancer Receiving Anti-Cancer Therapy


The risk of symptomatic VTE shows wide variability in ambulatory cancer patients based on different cancer types, cancer stages, anti-cancer, and supportive treatments, as well as cancer-independent patient characteristics. A major obstacle is the fact that, due to the different incidences of specific cancers, those with a relatively low VTE risk such as breast and prostate cancer nevertheless are responsible for the major burden of cancer-associated VTE because of the high prevalence of these entities [40]. Consequently, large studies with unselected cancer patients undergoing anti-cancer treatment showed significant reductions in VTE by prophylactic anticoagulation with LMWH, but the event rates and the absolute differences were low [23,37] (Table 1). Two recent Cochrane Database analyses confirm the significant—close to 50%—reduction of symptomatic VTE by LMWH or fondaparinux without significant increases in major bleeding, but absolute VTE rates were low [41,42]. Because of the low incidence of VTE in the outpatient setting, primary pharmacological prevention is not recommended routinely to all cancer outpatients receiving systemic anti-cancer therapy [33,34,35,36].



Recommendations:




	
Based on recommendations for hospitalized patients due to medical illness in general, we recommend prophylactic anticoagulation for cancer patients in an in-patient setting, except for fit/mobile cancer patients admitted due to non-surgical procedures. In these cases, recommendations for outpatients should be followed (see below).



	
Due to the wide variability of VTE risk in ambulatory cancer patients, we do not recommend primary pharmacological prophylaxis in general. This topic will be discussed in the following paragraphs. Refer also to Figure 1.










3.2. Studies in Selected Cancer Patient Cohorts


3.2.1. Low-Molecular-Weight Heparins (LMWHs)


Prospective randomized trials in a few selected cancers, clinically identified as having a high risk for VTE, showed better risk-benefit ratios. In patients with advanced pancreatic cancer undergoing systemic chemotherapy, LMWH administered at half—(1 mg/kg enoxaparin once daily [QD]) or full-therapeutic (initially 200 anti-Xa units/kg, after 4 weeks 150 anti-Xa units/kg of dalteparin QD) dosage significantly reduced the VTE rate by more than 80% without an increase in bleeding complications [22] (Table 1). Interestingly, the rate of arterial thromboembolic events, which is also increased in cancer patients compared to non-cancer patients, was investigated in one of the studies and numerically decreased [26].



A recent placebo-controlled trial in 390 patients with systemically treated small-cell lung cancer (SCLC) assessed the effect of a half-therapeutic dose of LMWH (1 mg/kg enoxaparin QD during chemotherapy treatment) on mortality. There was no benefit with regard to progression-free or overall survival, but the VTE rate was significantly reduced [38] (Table 1). In another randomized open-label study in 549 NSCLC patients, LMWH (100 anti-Xa units/kg tinzaparin QD for 12 weeks) after tumor resection failed to demonstrate a beneficial effect on 5-year survival as well as on VTE rate [43].



Due to the specific aspect of anticoagulation in myeloma patients, this topic will be discussed in a separate section.



Prospective randomized clinical studies based on VTE risk assessment tools aimed to investigate the role of anticoagulant drugs in the primary prevention of VTE in an a priori defined high VTE risk population with different underlying cancers. All prospective randomized trials completed today have used the Khorana Score (KS) to categorize the individual VTE risk. In fact, a subgroup analysis of the PROTECHT study [37] confirmed the greatest benefit (number needed to treat [NNT] 15) of LMWH (3800 anti-Xa units nadroparin QD) for high-risk patients, i.e., those with a Khorana Score ≥ 3 [44].



A first study investigated LMWH (5000 anti-Xa units dalteparin QD) for 12 weeks or observation in patients with KS ≥ 3. After excluding 8.5% of patients with a pre-existing asymptomatic VTE by ultrasound screening, 98 cancer patients without VTE were randomized. The 12-week rate of symptomatic and asymptomatic events was numerically decreased from 21 to 12% by LMWH, but due to premature termination, because of slow patient accrual, the study was underpowered to show statistical significance. In contrast to major bleeding, the rate of clinically relevant non-major bleeding (CRNMB) was significantly higher in the dalteparin group [18].




3.2.2. Direct Oral Factor Xa Inhibitors (DOACs)


The role of Direct Oral AntiCoagulants (DOACs) has also recently been assessed for two factor Xa inhibitors (apixaban and rivaroxaban) in cancer patients with KS ≥ 2 (this threshold differs from the Khorana high-risk definition and includes some intermediate-risk patients since the overall VTE risk of this group is almost 10% in 6 months [45]). The AVERT study [17] compared 2.5 mg of apixaban twice daily (BID) to a placebo for 180 days in 573 cancer patients receiving chemotherapy. Patients in the apixaban arm had significantly less symptomatic and incidental VTE (4.2 vs. 10.2%; number needed to harm [NNH] 17) and a significantly increased risk of major bleeding (3.5 vs. 1.8%; NNH 59). As patients prematurely stopped drug intake (median treatment duration: 156 d), the "on-treatment" analysis showed an improved efficacy (VTE: 1.0 vs. 7.3%; NNT 16) and the risk of major bleeds lost significance (2.1 vs. 1.1%; NNH 100).



The CASSINI study [39] compared 10 mg of rivaroxaban QD to a placebo for 180 days in cancer patients initiating chemotherapy. Prior to randomization, 4.5% of ultrasound-screened KS ≥ 2 patients were excluded from the study because of asymptomatic deep vein thrombosis (DVT). 841 patients were randomized. In the intention-to-treat analysis, the composite endpoint of symptomatic and asymptomatic DVT, pulmonary embolism, and VTE-related death was non-significantly decreased (6.0 vs. 8.8%; NNT 36). Major bleeding events were numerically doubled (2.0 vs. 1.0%; NNH 100). Furthermore, arterial thromboembolic events were collected in the CASSINI patients, confirming a numerical reduction (1.0 vs. 1.7%, NNT 143) by primary thromboprophylaxis. "On-treatment" analysis with a mean intervention period of 4.3 months resulted in a significant reduction in the primary endpoint (2.6 vs. 6.4%; NNT 26) without a change in the rate of major bleeding.



Available subgroup analyses of the CASSINI trial confirm the significant efficacy (VTE 3.7 vs. 10.1%, NNT 16, on treatment analysis) and safety (major bleeding 1.5 vs. 2.3%) of pharmacological thromboprophylaxis in the stratified and pre-specified subgroup of 273 patients with pancreatic cancer. In this cancer, 6.6% of patients were a priori excluded from the study due to asymptomatic DVT detected by screening ultrasound.



In a pre-specified on-treatment (defined as the period from the first dose of study medication to 2 days after last application) subgroup analysis of the CASSINI trial, those 68.5% of patients with KS = 2 showed a similar—formally significant—reduction in the primary endpoint (2.1 vs. 6.4%, NNT 23) as the whole population. In the AVERT trial, the post-hoc analysis demonstrated a significant reduction in VTE in the KS 2 cohort of 376 patients [46] (3.2 vs. 8.4%, NNT 19). Keeping the different designs of the two studies in mind, these data demonstrate a clinically relevant high VTE risk in patients with KS 2, which is effectively reduced by the factor Xa inhibitors investigated. Of note, no trials exist for edoxaban and dabigatran in this setting.



To investigate whether another score, different from the Khorana score, could improve risk stratification, the investigators of the AVERT trial sought to identify and validate a more efficient venous thromboembolism (VTE) risk threshold for thromboprophylaxis [47]. This score is based on the tumor entity and a biomarker (D-Dimer) only [48]. The score can be assessed using a published online calculator: catscore: Cancer-associated VTE—clinical prediction model (meduniwien.ac.at). In a modified intention-to-treat analysis, this score was assessed with regard to efficacy (VTE) and safety (major and overall bleeding) in a post-hoc analysis of the (a) complete AVERT cohort and (b) ≥8% and < 8% 6-month VTE risk thresholds. Numbers needed to treat (NNT) to prevent one VTE in patients on apixaban compared to placebo were improved by this score from 17 to 6 by the use of the catscore in patients with a predicted 6-month VTE risk ≥8%. Rates of VTE events were 8.4% in patients on apixaban and 26.3% on those with placebo (aHR 0.33 [0.14–0.81], p < 0.05). Individuals with a VTE risk <8% derived no benefit from apixaban thromboprophylaxis (aHR 0.89 [0.30–2.65), p = 0.84). Bleeding was increased in all of the groups on apixaban.



It is worthwhile to recall some facts before summarizing the available evidence and to balance the benefits and risks of pharmacological thromboprophylaxis in ambulatory cancer patients undergoing systemic anticancer treatment beyond tumors with good evidence such as pancreatic cancer or multiple myeloma:




	(i)

	
Mortality due to VTE complications in cancer patients is much higher than mortality due to bleeding complications [1].




	(ii)

	
The International Society on Thrombosis and Haemostasis (ISTH) definition for major bleeding [49] applied in clinical trials has never been validated in cancer patients undergoing therapy. This is important, as the two main criteria to categorize a major bleeding event according to ISTH, namely a 2 g/dL drop of hemoglobin and transfusion requirement, are well-known events in non-bleeding cancer patients undergoing systemic cancer treatment. It should thus be realized that bleeding events in this patient population are up-graded in most of the events from “minor” to “major”.




	(iii)

	
Despite the KS being validated for many cancer patients, this scoring system is not discriminative in all cancers [50], and it does not include well-known thrombogenic risk factors such as the history of VTE, highly elevated D-dimer levels, age, degree of mobilization, presence of thrombocytopenia, or thrombogenic or pro-hemorrhagic anti-cancer therapies. One other prediction model has been demonstrated in a post-hoc analysis of an interventional study to allow an improved risk prediction and decreased NNT compared to the Khorana score (Table 2).
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Table 2. KHORANA Score [44].






Table 2. KHORANA Score [44].









	Patients’ Characteristics
	Score





	Site of cancer:
	



	– Very high risk (pancreas or stomach)

– High risk (lung, lymphoma, gynecological, bladder, or testicular)
	+2

+1



	Prechemotherapy platelet count 350 × 109/L or higher
	+1



	Hemoglobin level less than 100 g/L or use of red cell growth factors
	+1



	Prechemotherapy leucocyte count more than 11 × 109/L
	+1



	BMI 35 kg/m2 or more
	+1







Classification: ≥3 points: high risk, 1–2 points: intermediate risk, 0 points: low risk.











Recommendations:




	
The available evidence is in favor of primary pharmacological prevention (LMWH either prophylactic or half-therapeutic dose in certain cancer types such as pancreatic cancer, or apixaban 2 × 2.5 mg or rivaroxaban 1 × 10 mg) in ambulatory cancer patients undergoing systemic anti-cancer therapy with a Khorana score (KS) of > 2 or, although less evidence-based, those identified with other risk scores or with other high-risk factors for VTE. However, given the limited available data, the panel agreed that any such recommendation must be made on an individual basis, and it should take into account the patient´s preference.










3.3. Drug Interactions in Patients with Malignancies Receiving Prophylactic Anticoagulation


All oral anticoagulants exhibit interactions with other drugs. Interactions of vitamin K antagonists (VKAs) may be controlled through dose adjustment upon INR measurements. DOACs have fewer drug interactions than VKAs, but no standardized response monitoring has been established. Therefore, for adequate management, it is crucial to understand the mechanisms of potential interactions. DOACs are mainly metabolized through P-glycoprotein (P-gp) and cytochrome P (CYP) metabolic pathways. Therefore, drug interactions have to be considered with drugs that are also metabolized via these pathways. In addition to medications for cardiovascular or other comorbidities, some chemotherapeutic agents such as adriamycin and vincristine can reduce the plasma concentration of DOACs through P-gp and CYP3A4 induction. Tyrosine kinase inhibitors, endocrine therapies, and others can influence the plasma levels of DOACs through both of the above-mentioned pathways. For detailed information, we recommend using CYP interaction websites [51,52,53].



Apart from drug interactions, the bioavailability of DOACs also needs to be considered. Modifications in gastrointestinal transit time or acidity can influence the bioavailability of DOACs. Solubility of rivaroxaban, edoxaban, and dabigatran is pH-dependent. Therefore, these DOACs require gastric acidity for their absorption. These drugs are mainly absorbed in the distal stomach and proximal small bowel; therefore, bioavailability is likely to decrease after gastrectomy or gastric bypass surgery [52,54]. Apixaban is absorbed in a pH-independent manner, and up to one-half of the drug is absorbed in the distal small bowel and ascending colon. That is why apixaban should be avoided in patients who have undergone small bowel resection or colectomy [55]. Rivaroxaban needs to be taken with a meal, while apixaban and dabigatran can be taken independently from meals. Therefore, decreased efficacy due to malabsorption and malassimilation or increased bleeding risk due to decreased metabolism is possible for DOACs. Currently, there are no standardized guidelines on how to apply DOAC drug monitoring or guidelines for risk assessment and dose modifications for DOACs. Therefore, in such situations, the use of LMWH may be a safer and more predictable option [52].



Recommendations:




	
If prophylactic anticoagulation is indicated, the choice of optimal oral drug should be considered on an individual basis taking into account drug interactions and the bioavailability (e.g., patients after abdominal surgery). In uncertain cases, LMWH should be preferred to DOACs.










4. Specific situations of Prophylactic Anticoagulation in Patients with Malignancies


4.1. Peri-Interventional Thromboprophylaxis in Patients with Cancer Undergoing Elective Invasive Procedures


Postoperative VTE occurs more frequently among cancer compared to non-cancer patients [56], which is reflected by two points for the presence of malignancy in the Caprini score (surgical scoring system containing several factors to assess the risk of postoperative thromboembolic events) [57].



Several clinical trials have confirmed the efficacy of low-dose UFH, LMWH, and fondaparinux (FPX) in preventing DVT and PE in patients undergoing major surgery, without significantly increasing bleeding complications. Compared to UFH, LMWHs have proven beneficial through a more predictable anticoagulant response, a longer plasma half-life, better bioavailability when administered subcutaneously, a lower risk of heparin-induced thrombocytopenia, and the convenience of once-daily dosing. A meta-analysis incorporating 16 randomized trials with 12,890 patients with cancer showed no difference in safety or efficacy comparing prophylactic LMWH to prophylactic UFH in the postoperative setting [58,59,60].



Moreover, extending the duration of prophylaxis after surgery was beneficial in cancer patients, as shown in the ENOXACAN II and CANBESURE studies. In the ENOXACAN II study [61], a significantly lower rate of VTE in cancer patients treated with prophylactic doses of LMWH for at least 1 month after surgery was observed than in those treated for only 1 week (13.8 vs. 5.5%). The CANBESURE study compared one week of prophylactic bemiparin with 4 weeks of prophylaxis in cancer patients undergoing major abdominal or pelvic surgery [24]. Although the study failed to show a significant reduction in the composite endpoint of VTE plus all-cause mortality with extended prophylaxis (10.1 vs. 13.3%, respectively; p = 0.26), there was a significant reduction in major thrombotic events with extended prophylaxis (0.8 vs. 4.6%, p = 0.01) [24]. Other studies and meta-analyses have demonstrated a significant reduction in proximal VTE using extended prophylaxis [62,63,64,65,66]. The results, therefore, suggest that the major benefit of such prophylaxis may be the prevention of relevant thrombotic complications [62,63,64,65,66]. A recent meta-analysis including 39 studies comparing perioperative pharmacological thromboprophylaxis in cancer patients undergoing surgery with no pharmacological prophylaxis (including mechanical prophylaxis or no prophylaxis) demonstrated a 50% reduction in the rate of DVT with pharmacological prophylaxis (DVT incidence 0.5 vs. 1.2%, RR 0.51, 95% CI 0.27–0.94; p = 0.03), with an expected increase in the risk of bleeding, but without a difference in mortality or pulmonary embolism (PE) [67]. Unfortunately, in this meta-analysis, major and minor bleeding events were not differentiated, which makes an “acceptable increase in the risk of bleeding” questionable. In addition, a systematic review and meta-analysis of seven randomized studies (encompassing 4807 patients) showed that extended thromboprophylaxis (2–6 weeks) after abdominopelvic cancer surgery significantly reduced the risk of all VTE and proximal DVT by approximately 50%, when compared with the conventional duration of thromboprophylaxis (<2 weeks) [68]. No difference was found in the incidence of symptomatic PE, major bleeding events, or 3-month all-cause mortality [68].



According to these results, thromboprophylaxis with LMWH, UFH, or fondaparinux is recommended for most cancer patients undergoing surgery with a duration of more than 30 min and without contraindications (bleeding, prolonged thrombocytopenia, and platelets lower than 30 G/L) for the duration of their hospitalization (in general for 6–10 days). For patients undergoing abdominopelvic cancer surgery, extended prophylaxis (4–5 weeks) is recommended [69,70,71]. For surgical patients with contraindications for anticoagulation, including cancer patients, mechanical prophylaxis (compression stockings or intermittent pneumatic compression in high-risk patients) is an effective alternative as long as no contraindications exist (e.g., decompensated heart failure, thrombophlebitis, thrombosis or suspected thrombosis, acute limb infections, severe uncontrolled hypertension or compartment syndrome) [35,71,72].



Recommendations:




	
Prophylactic anticoagulation in cancer patients undergoing major abdominal or pelvic surgery should be extended to 4–5 weeks after surgery.



	
Thromboprophylaxis should be performed with LMWH, UFH (second choice), or fondaparinux. The exact peri-operative timing of these drugs is described in the respective Summary of Product Characteristics (SmPC).



	
Mechanical prophylaxis (compression stockings or intermittent pneumatic compression) may be performed in patients with contraindications for anticoagulation.









4.2. Thromboprophylaxis in Patients with Cancer and Renal Insufficiency


Renal insufficiency is common in patients with malignancies. A large multicenter retrospective study, the Renal Insufficiency and Anticancer Medications (IRMA) study [73] analyzed renal function parameters in 4684 patients. The percentage of patients with stage 1 (GFR ≥ 90 mL/min), stage 2 (GFR 60–89 mL/min), stage 3 (GFR 30–59 mL/min), and stage 4/5 (GFR < 30 mL/min) renal insufficiency, as calculated by the MDRD formula, was 37.7%, 40.9%, 11.1%, and 0.92% of patients, respectively. Renal dysfunction itself is an important risk factor for venous thromboembolism [74], but, at the same time, the risk of bleeding in cancer patients receiving anticoagulation for VTE is enhanced by renal dysfunction [75]. On the other hand, since renal function affects the metabolism and elimination of most drugs, renal insufficiency has to be taken into account when treating patients with prophylactic anticoagulation. Of note, the bleeding risk between LMWH for thromboprophylaxis was not different from that with UFH in non-cancer patients with end-stage renal disease [76,77]. Table 3 lists the recommended dose adjustments for the most common anticoagulants in patients with altered renal function. Since DOACs have not been approved for thromboprophylaxis in cancer patients, dosing and dose adjustments for renal dysfunction are based on recommendations for post-surgery prophylaxis. It has to be noted that recommended dose adjustments for renal dysfunction are not based on firm clinical evidence but rather on risk assessment and retrospective drug level correlations. Furthermore, these dose-adjustment recommendations are subject to frequent updates, therefore, we recommend consultation of the prescribing information to determine the final necessary dose.



Recommendations:




	
In patients with renal dysfunction, the risk of bleeding during thromboprophylaxis is increased. However, no firm clinical evidence exists on how to adjust the dose of thromboprophylactic agents. Therefore, we recommend a very thorough assessment of the necessity for and the dose of pharmacologic thromboprophylaxis in patients with reduced eGFR, particularly those with an eGFR below 30 mL/min. The risk of bleeding has to be weighed against the risk of thromboembolism.



	
Anti-Xa plasma level monitoring during LMWH thromboprophylaxis is helpful in patients with stage 4 to 5 chronic kidney disease, with optimal levels (3–4 h after injection) being 0.1 to 0.3 IU/mL for prophylactic dosing [78]. However, clinical judgment currently remains the main factor in deciding on the dose of these agents.









4.3. Thromboprophylaxis in Patients with Cancer and Liver Disease


The burden of liver disease in the general population is high [79]. Thus, liver disease is also common in cancer patients and may be caused by preexisting medical conditions (e.g., liver cirrhosis), liver metastases, toxicity from cancer immuno- or chemotherapy [80], and/or from infections during cancer treatment. At the same time, liver cirrhosis is currently considered a prothrombotic condition due to increased factor VIII and von Willebrand factor and decreased antithrombin III and protein C levels [81,82], which adds to the already increased VTE risk in cancer patients. In addition, portal vein thrombosis is common in liver disease and almost ⅔ are associated with hepatobiliary malignancy, and 3% with myeloproliferative diseases [83]. Thromboprophylaxis in cancer patients with liver disease is therefore not an uncommon clinical issue. However, the major concern about anticoagulants has always been that they increase bleeding risk, which is also high with liver disease [84].



There is a scarcity of data on the safety and efficacy of anticoagulants in patients with liver disease. This is because patients with clinically relevant liver disease have usually been excluded from anticoagulant trials. In the prescribing information of anticoagulants, one often finds that they should be avoided in patients with "severe" liver disease or in liver disease with “coagulopathy”. One has to keep in mind that there is no consensus on what defines severe liver disease and which laboratory test and which threshold, e.g., AST > 2 times the upper limit of normal, indicates an increased bleeding risk. The often-applied Child-Pugh criteria have been developed to predict survival in liver cirrhosis, but not liver cancer or bleeding risk.



For a long time, the efficacy of LMWH was thought to be unpredictable in liver disease, owing to the fact that LMWH requires antithrombin for its function and that antithrombin levels are often lower than normal [84]. However, there is at least one randomized study that showed that fixed prophylactic dose LMWH is effective and safe in preventing portal vein thrombosis in cirrhotic patients [85]. There is only limited data on the safety and efficacy of DOACs in patients with liver disease because this subgroup has usually been excluded from recent DOAC-trials. When using DOACs in cancer patients with liver disease, one has to consider hepatic metabolism. Rivaroxaban is processed by both the liver and kidneys, with about two-thirds of the drug metabolized by the liver. Rivaroxaban seems to be affected more by liver disease than apixaban. The prescribing information recommends avoiding rivaroxaban in patients with Child B liver cirrhosis due to an increase in drug exposure. Recently, the European Heart Rhythm Association published a recommendation for atrial fibrillation patients with liver disease to prefer apixaban [86]. We suggest that this can be applied in a similar fashion to cancer patients with liver disease.



It has been reported that rivaroxaban may itself induce liver injury, at least more commonly than other DOACs, warfarin, and LMWH [87,88], and for this reason, caution should be exerted using rivaroxaban in thromboprophylaxis in patients with cancer and liver disease.



Recommendations:




	
There are no evidence-based recommendations on prophylaxis of cancer-associated VTE in patients with severe liver disease. We recommend individualized treatment regimens after shared decision-making with patients.



	
Prophylactic dose anticoagulation may usually be offered since the bleeding risk is low. Careful clinical and laboratory monitoring is suggested, especially in patients with prolonged prothrombin time.



	
In patients with liver disease and a history of severe bleeding, e.g., from esophageal varices, it might be prudent not to use pharmacological thromboprophylaxis.



	
Make sure the patient has been informed about clinically relevant bleeding symptoms and about signs of thromboembolism. He/She should know whom to contact when developing such symptoms and where to go after office hours or on the weekend.









4.4. Thromboprophylaxis in Patients with Cancer and Elevated Bleeding Risk


Elevated bleeding risk is a frequent problem in the clinical management of cancer patients. Three main underlying factors have to be considered in this situation: (1) tumor-site specific, (2) individual and/or situational, and (3) drug-specific risk factors for specific bleeding risk [89,90,91,92,93].



	(i)

	
Tumor-site specific bleeding risk: patients with glioblastoma/CNS tumors carry a high risk for the development of VTE in the first six-month period from diagnosis [94,95]. Prophylactic application of LMWH non-significantly decreases the VTE incidence but, in contrast, is associated with a higher risk of intracranial bleeding [96,97]. Nevertheless, prophylactic anticoagulation is generally recommended in this cohort [98]. In addition, individually risk-adapted algorithms addressing the safety of primary VTE prophylaxis (i.e., prevention of VTE on the one and clinically relevant major bleedings (CRMB) on the other hand) should be applied for lymphomas (depending on the stage and sites of lymphoma), lung tumors (with respect to the involvement of arterial vessels and/or mediastinal, pleural or pericardial manifestations) and tumors of the genitourinary tract in general.




	(ii)

	
Individual/situational bleeding risk factors: renal impairment, liver dysfunction, and low platelet counts are addressed in separate sections. Moreover, platelet dysfunction, preexisting bleeding disorders (i.e., coagulopathy or (acquired) von Willebrand Syndrome), history of severe bleeding episodes, as well as poor functional status, and age of > 75 years may contribute to an increased bleeding risk. On the other hand, perioperative and periprocedural settings can implicate a higher risk of local (mucosal, intracranial, or intraspinal) or systemic bleeding.




	(iii)

	
Drug-specific risk factors for bleeding: tumor-specific treatment (i.e., BTK inhibitor—ibrutinib or inhibitors of VEGFR-associated tyrosine kinases i.e., axitinib, cabozantinib, lenvatinib, nintedanib, pazopanib, regorafenib, sorafenib, sunitinib, tivozanib or vandetanib) and/or concomitant pain medication (e.g., NSAIDs) may contribute to an increased risk of bleeding. These drugs have to be handled carefully with frequent monitoring of clinical aspects indicating increased individual bleeding risk.







Recommendations:




	
Tumor-site specific risk: an individual assessment of bleeding risk has to be carried out, especially in patients with glioblastomas, lymphomas, gastrointestinal cancers, lung cancers, and tumors of the genitourinary tract.



	
Individual/situational risk: laboratory tests reflecting organ function and platelet count as well as age, bleeding history have to be evaluated carefully. In the context of interventional procedures, management and scoring of bleeding risk are recommended for individual adaptation of thromboprophylaxis.



	
Drug-specific risk factors: bleeding risk has to be assessed and monitored according to the anti-cancer medication and other co-medication.









4.5. Thromboprophylaxis in Patients with Cancer and Thrombocytopenia


Thrombocytopenia is common in patients with malignancies. Up to 24% of patients with solid tumors develop thrombocytopenia due to chemotherapy [99]. In hematologic malignancies, thrombocytopenia is even more common and may also be caused by the malignant disease itself [100]. In general, low platelet counts increase the risk for bleeding, especially platelet counts below 10 G/L [101]. Conversely, low platelet counts are not protective against thromboembolism [100,102]. Consequently, thromboprophylaxis may be beneficial in thrombocytopenic patients depending on their individual risk for thrombosis, the severity of thrombocytopenia, and other risk factors for bleeding. No dedicated trials have evaluated bleeding risk relative to platelet count in any population of patients requiring prophylactic anticoagulation [103]. Retrospective and prospective observational analyses show that prophylaxis with LMWH is possible in patients with very low platelet counts (1 to 18 G/L) [102,104]. Nevertheless, the AVERT and CASSINI trials investigating apixaban and rivaroxaban respectively as thromboprophylaxis in ambulatory patients with cancer excluded patients with platelet counts below 50 G/L and interrupted study medication if platelets fell below 50 G/L [17] or 25 G/L [39] during study participation.



A recent survey in France described the diverse opinions of physicians towards prophylactic anticoagulation in patients with thrombocytopenia [105]. Of 98 physicians (among them 71 hematologists and 5 oncologists), 5% considered a platelet count of <80 G/L as relevant to refrain from thromboprophylaxis, whereas most agreed with a threshold of <50 G/L (26%) or <30 G/L (48%) not to administer thromboprophylaxis. 6% would apply thromboprophylaxis in patients with platelet counts as low as 10 G/L, and 12% of physicians irrespective of thrombocytopenia.



Current guidelines and recommendations acknowledge the low level of evidence: European [34,99,106,107]., American [108], Canadian [103], and international guidelines [109,110,111] and a recent critical review [112], all dating from 2013 to 2019, on thromboprophylaxis in hospitalized cancer patients or other medical patients with thrombocytopenia. Most guidelines consider thromboprophylaxis as not contraindicated if platelet counts are above 50 G/L [110]. Nevertheless, no conclusive recommendation is given for platelet counts below 50 G/L, and most guidelines recommend a decision on a case-by-case basis in these patients. The international guidance of the ISTH [109] and the German guideline of DGHO (German Society of Hematology and Medical Oncology) are precise about stopping prophylactic anticoagulation in patients with platelet counts below 25 G/L or 30 G/L, respectively.



Recommendations:



In thrombocytopenic patients:




	
we recommend against thromboprophylaxis in cancer patients, if platelet counts are <25 G/L.



	
pharmacologic thromboprophylaxis with LMWH may be considered if platelet counts are between 25 and 50 G/L.



	
we recommend against mechanical prophylaxis (pneumatic intermittent compression or compression stockings) in patients with platelet counts <50 G/L.









4.6. Thromboprophylaxis in Patients with Cancer and Thrombophilia


Patients with malignancies and co-existing thrombophilia require special attention and potentially alternative prophylactic anticoagulation. Thrombophilia is defined as an increased risk of thromboembolism due to specific hereditary or acquired causes. The most prevalent types and causes are shown in Table 4. Prospective data on prophylactic anticoagulation are lacking for most of these patients, and no explicit approval has been granted for anticoagulants for thromboembolism prophylaxis in patients with malignancies and co-existing thrombophilia. However, guidelines do exist for patients with thrombophilia, and we recommend for patients with co-existing malignancies adhere to these guidelines unless specific contraindications exist or unless the risk of thromboembolism in an individual patient is deemed exceptionally high to warrant therapeutic anticoagulation.



Patients without previous thromboembolism, who have a heterozygous factor V Leiden mutation or a heterozygous prothrombin mutation G20210A are at slightly increased risk for thromboembolism as compared to those without these mutations. Therefore, these patients require routine prophylactic anticoagulation in high-risk situations, typically using prophylactic doses of LMWH. Whether DOACs are equally efficacious, has yet to be determined. However, the two studies of primary prophylactic DOAC use, AVERT, and CASSINI, enrolled over 1300 patients [17,39] and they did not exclude patients with thrombophilia. Therefore, given the prevalence of thrombophilia of at least 5% (e.g., for heterozygous factor V mutation), patients with thrombophilia were most likely included in these studies. There is no analysis of such patients in the two prophylactic studies, but a recent meta-analysis has been published on the subgroup of thrombophilia patients in the therapeutic VTE DOAC trials [114]. Breast cancer patients receiving tamoxifen treatment were found to be at increased risk for VTE if they had a heterozygous factor V Leiden mutation, and the authors recommended genetic testing for this mutation if this altered the therapeutic approach [115]. There are no general guidelines on thromboprophylaxis for these patients.



Patients with homozygous or combined (compound) factor V and/or prothrombin mutations and those with antithrombin, protein C, or protein S deficiency may require more intense VTE prophylaxis, and they often have an established regimen of prophylaxis or even therapeutic anticoagulation recommended by their local specialist. When they present with malignancy and a Khorana-Score ≥ 2 (Table 2) or other thrombogenic risk factors, a decision about VTE prophylaxis should be made (Figure 1).



Patients with antiphospholipid syndrome (APS), except for women with exclusive pregnancy-associated APS, usually require life-long therapeutic anticoagulation with vitamin K antagonists (or adjusted doses of LMWH +/- aspirin in case of necessary bridging, e.g., peri-operatively). DOACs must be avoided in patients with high-risk APS (i.e., triple-positive APS) and in those with a history of arterial thromboembolism, and it is currently also recommended to avoid them in patients with low-risk APS [116] (see current Summary of Product Characteristics for the EMA-approved DOACs).



Patients with paroxysmal nocturnal hemoglobinuria (PNH) show a high cancer incidence, and they are at very high risk for both arterial and venous thromboembolism [117]. Primary thromboprophylaxis can prevent thrombosis in these patients [118], and primary VTE prophylaxis is recommended if the PNH clone exceeds 50% of the blood cells or if patients have other risk factors (such as a co-existing malignancy) [119]. However, due to the high risk of bleeding in PNH patients and given the high efficacy of eculizumab and related drugs to decrease both the incidence of hemolysis and thrombosis, primary VTE prophylaxis in PNH patients must be balanced against the bleeding risk on an individual basis [116].



Patients with malignancies may have had previous heparin-induced thrombocytopenia (HIT) and are thus at high risk to develop VTE if subjected to heparin again. Once these patients require primary VTE prophylaxis (i.e., during immobilization or after surgery), they should receive prophylactic doses of either danaparoid (approved for HIT in EU) or fondaparinux, apixaban, or rivaroxaban (all not approved for acute HIT) [116]. All of these agents have been used in cancer patients [17,39,120], including those with HIT [121,122].



Finally, patients with Bcr-Abl negative Myeloproliferative Neoplasms (MPN), i.e., those with polycythemia vera (PV), essential thrombocythemia (ET), primary myelofibrosis (PMF), or less frequent MPN, are at increased risk for the development of venous and/or arterial thromboembolism [12,123]. Primary prophylaxis with acetylsalicylic acid (ASA) is summarized in these publications and is standard of care in all PV and intermediate- and high-risk ET patients and those with other MPN that are deemed at high risk for thromboembolic complications. While a recent analysis did not confirm the hypothesis of an elevated risk for secondary malignancies in MPN patients [124], MPN are chronic diseases, and patients may acquire a co-existing malignancy during the course of their MPN. These patients must be expected to be at excess risk for thromboembolic complications and thus require close monitoring for potential additional primary VTE prophylaxis in addition to ASA, even when they are categorized as low-risk MPN patients.



Recommendations:




	
Patients with malignancies and co-existing thrombophilia require special attention and potentially alternative prophylactic anticoagulation. However, prospective data on prophylactic anticoagulation are lacking. We thus recommend adhering to guidelines for non-cancer patients with thrombophilia.



	
Breast cancer patients receiving tamoxifen treatment have an increased VTE risk if they have a heterozygous factor V Leiden mutation, and we recommend genetic testing if this information is likely to change clinical management. There are no general guidelines on thromboprophylaxis in these patients.



	
We recommend thromboprophylaxis in patients with cancer and homozygous or combined (compound) factor V and/or prothrombin mutations or antithrombin, protein C, or protein S deficiency if they have a Khorona-Score ≥ 2 or other thrombogenic risk factors.



	
We recommend routine prophylactic anticoagulation with LMWH in high-risk situations for patients without previous thromboembolism who have a heterozygous factor V Leiden mutation or a heterozygous prothrombin mutation G20210A. Whether DOACs are equally efficacious, has yet to be determined, but they have been used in cancer patients, and the studies did not exclude patients with thrombophilia.



	
Patients with thrombotic APS and cancer require long-term therapeutic anticoagulation with vitamin K antagonists or adjusted doses of LMWH +/- aspirin. DOACs must be avoided in high-risk APS (i.e., triple-positive APS) and should also be avoided in low-risk APS.



	
We recommend thromboprophylaxis in patients with PNH and cancer. However, it has to be weighed against the risk of bleeding and the potential of other drugs (e.g., eculizumab) to prevent thromboembolism.



	
Patients with certain Bcr-Abl negative MPN (all PV, int-/high-risk ET) should receive acetylsalicylic acid (ASA) and potentially additional primary VTE prophylaxis (individual decision for LMWH or DOAC).









4.7. Thromboprophylaxis in Patients with Cancer and Indwelling Catheters


Long-term central venous access devices (CVAD) such as ports are commonly used in cancer patients and have improved management of e.g., chemotherapy application, nutrition, and transfusion. On the other hand, catheter-related thrombosis (CRT) of the upper extremity is a frequent complication of such devices [125,126]. Enhanced thrombotic risk is based on several catheter-associated factors (diameter, lumen count, central vs. peripheral insertion) [127,128,129] as well as non-catheter associated factors, which are common factors in cancer patients (chemical irritation, e.g., cisplatin [130,131,132]).



The reported incidence of upper extremity thrombotic events varies from 4 to 60%. Whereas some studies showed very high rates of catheter-associated thromboembolism [133,134], other studies reported rates of about 10% or even lower [135,136,137,138,139], and differences of the incidence can be explained by e.g., heterogeneous study populations, observation times, catheter types and location, criteria of diagnosis as well as techniques to detect CRT. Whereas prophylactic anticoagulation in acutely ill hospitalized cancer patients with reduced mobility is standard of care, primary prophylaxis in the outpatient setting is still under debate (see above), even in patients with additional risk factors such as central venous catheters.



Thromboprophylaxis in patients with indwelling central venous catheters has been studied in various studies over the last decades [140,141]. Most adult studies have included patients with cancer, a cohort that is known to be at high risk of developing thromboembolic events, and drugs used for anticoagulation were VKA or LMWH [133,134,135,141,142,143]. Using warfarin in the intervention group, a benefit of thromboprophylaxis in preventing CRT was shown and confirmed in later studies using dalteparin or warfarin [133,134,143]. However, subsequent studies did not confirm these data, and early reviews, therefore, reported no benefit of prophylactic anticoagulation at all [144,145], whereas later meta-analyses of clinical trials found a slight benefit of prophylactic anticoagulation in preventing catheter-associated VTE [146,147] (Table 5).



On the other hand, the potential benefit of prophylactic anticoagulation and the risk of bleeding have to be balanced, especially in cancer patients [147]. Because of this uncertainty, most guidelines do not recommend prophylactic anticoagulation when the catheter is the sole reason for anticoagulation [155,156]. Likewise, a recent Cochrane review summarized that there is not enough evidence to recommend prophylactic anticoagulation in this setting [147]. Regarding DOACs, there are no data from randomized phase III trials regarding the effectiveness of these drugs in preventing CRT.



Recommendations:




	
It is not generally recommended to administer prophylactic anticoagulation in ambulatory cancer patients solely because of implanted central venous catheters.



	
The role of DOACs in this setting remains unclear.









4.8. Thromboprophylaxis in Patients with Multiple Myeloma


Patients with multiple myeloma (MM) or monoclonal gammopathy of undetermined significance (MGUS) have an increased risk for VTE and, to a lower degree, for arterial thromboembolic events [157,158,159,160]. The increased rate of VTE is mainly based on pathophysiologic changes by the disease and treatment-specific factors. Patients with MM have been shown to harbor higher levels of factor VIII, von Willebrand factor, and inflammatory cytokines as well as an acquired activated protein C resistance [161,162]. The rate for VTE is particularly high (up to 14–75%) for patients treated with immunomodulatory imide drugs (IMiDs), e.g., thalidomide and lenalidomide, in combination with high-dose dexamethasone (defined by at least 480 mg/month), doxorubicin, or multi-agent chemotherapy [163,164,165,166,167]. There are relatively little data regarding the VTE risk in patients treated with pomalidomide. Of note, VTE rates are higher in newly diagnosed patients (especially in the first four months) compared to patients with relapsed or refractory disease [168].



A VTE risk assessment is recommended in patients with MM, both at diagnosis and during the course of the disease. The International Myeloma Working Group (IMWG) has developed and externally validated two evidence-based VTE risk assessment models. The SAVED score can be applied in patients with MM who are on treatment with an IMiD whereas the IMPEDE VTE score is independent of IMiD therapy (Table 6) [169,170]. These scores stratify low- and high-risk patients and are incorporated in the latest NCCN guidelines (version 1.2020).



Currently, there are no randomized trials comparing different prophylaxis strategies (e.g., acetylsalicylic acid (ASA), low-molecular-weight heparin (LMWH), or warfarin) to placebo [171]. Recently performed trials in unselected myeloma patients suggest that either low-, fixed-dose warfarin (1.25 mg QD), prophylactic dose LMWH (enoxaparin 40 mg QD), or low-dose ASA (100 mg QD) lowered the incidence of VTE to less than 5% and are therefore all acceptable alternative choices for VTE prophylaxis [172,173]. Based on limited studies and the consensus opinion of experts in the field, ASA (e.g., aspirin) is recommended for patients with MM treated with IMiDs at low VTE risk, while LMWH is recommended for patients who are at high VTE risk. The VTE prophylaxis is generally administered as long as combination therapy with IMiDs is continued. LMWH may be switched to ASA after a treatment period of at least four months.



Two recently published trials investigated the prophylactic use of rivaroxaban and apixaban in cancer patients [17,39]. Patients with MM were excluded in the AVERT trial, and only 15 patients with MM were included in CASSINI [174]. In a recently published retrospective study, it was shown that apixaban in prophylactic dose (2.5 mg BID) was safe and efficacious in 56 MM patients receiving combination therapy with lenalidomide or thalidomide [175]. Currently, a number of prospective clinical trials are performed with apixaban (e.g., NCT02958969) or rivaroxaban (e.g., NCT03428373) to evaluate the safety and efficacy in the setting of primary prophylaxis in patients with MM.



Recommendations:




	
VTE risk assessment is recommended in patients with MM at diagnosis and during the course of the disease.



	
The SAVED score (for patients treated with IMiDs) and the IMPEDE-VTE score (independent of IMiD therapy) are recommended as validated VTE risk assessment tools and classified into low and high VTE risk. In low-risk patients, ASA or no intervention is recommended, whereas prophylaxis with LMWH is recommended in high-risk patients.



	
The use of DOACs in high-risk patients is being examined in current studies.









4.9. Proposed Algorithm for Thromboprophylaxis in Individual Patients with Cancer


In addition to the above-mentioned clinical scenarios in which thromboprophylaxis is considered, weighing its benefits and risks, there will be numerous scenarios that cannot all be described in the present recommendations paper. Therefore, we have generated an algorithm for such situations, to provide a means for healthcare workers, including hematologists, oncologists, and internal medicine specialists but also family practitioners and nurses caring for cancer patients in their daily practice (Figure 1). This algorithm is based on the expertise of the authors and will be subject to amendments depending on the results of ongoing and future clinical trials and publications.





5. Conclusions


Thromboembolic events significantly contribute to morbidity and mortality in cancer patients. However, cancer patients are also at higher risk for bleeding events compared to the general population. Balancing the risk and benefit of primary pharmacological thromboprophylaxis is a daily practice for treating physicians, especially in patients during oncologic treatment. Defining the optimal approach is often difficult, with the number of anti-cancer drugs with elevated bleeding or VTE risks increasing, as well as emerging orally applied drugs for prophylactic anticoagulation in addition to parenterally used heparins. Therefore, we aimed to analyze current treatment options with regard to individual VTE-risk by reviewing the literature and discuss controversial topics among an expert panel of hematologists, oncologists, and hemostasis specialists to provide assistance in the decision-making process whether to initiate primary pharmacological prophylaxis in cancer patients or not. We have designed an algorithm to help with such decisions in light of the current absence of data from randomized trials in many clinical scenarios. This algorithm will be open for adjustments in the future when such evidence becomes available.
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Figure 1. Algorithm for individual decisions for primary thromboprophylaxis in cancer patients. Of note, each indication of thromboprophylaxis has to be carefully balanced with regard to the individual bleeding risk. A hospitalized patient should be assessed for immobility and/or a planned surgical intervention. In both of these situations, thromboprophylaxis is indicated in all patients (unless there is a contraindication) with low-molecular-weight heparin (LMWH). In ambulatory, non-hospitalized patients or hospitalized patients who are not immobile and are not undergoing surgery, and who do not carry a diagnosis of multiple myeloma or myeloproliferative neoplasm (MPN) (see special Section 4.6 and Section 4.8 for these patients), the Khorana score should be calculated. Such patients with a Khorana score of <2 are typically not candidates for thromboprophylaxis. Patients with a Khorana score of >2 should receive thromboprophylaxis, using either rivaroxaban or apixaban, or an LMWH. Finally, we recommend that, in patients with a Khorana score of 2, primary thromboprophylaxis should be considered based on the presence or absence of individual additional risk factors for venous thrombotic/thromboembolic events (VTE) in the patient. If the patient with a Khorana score of 2 has no additional risk factors (such as immobilization at home, thrombogenic therapy, history of VTE, and/or hereditary thrombophilia), this patient is not considered a candidate for primary thromboprophylaxis. However, in the presence of one or more of these VTE risk factors, the risk factors for bleeding which prohibit thromboprophylaxis should be addressed (e.g., severe thrombocytopenia, susceptibility to falls, and/or history of bleeding). If such a risk factor is present, this argues against thromboprophylaxis; if not, we recommend thromboprophylaxis in such a patient. * DOAK not approved for primary prophylaxis in ambulatory cancer patients. 
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Table 1. Selection of randomized clinical trials investigating the role of pharmacological thromboprophylaxis in cancer patients undergoing anti-cancer therapy.
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	Name of the Study and Reference
	n
	Patient Cohorts (Cancer Type or Khorana Risk)
	1°EP
	1°EP

Control
	1°EP

Experimental
	RRR
	ARR





	PROTECHT [37]
	1150
	Mixed
	sVTE, sArtE.
	Placebo

3.9%
	Nadroparin (3800 U QD)

2.0%
	49%
	1.9%



	SAVE-ONCO [23]
	3212
	Mixed
	sDVT, PE, VTE-rD
	Placebo

3.4%
	Semuloparin (20 mg QD)

1.2%
	65%
	2.2%



	PRH-HCTU-FRAGEM [26]
	123
	Pancreatic cancer
	s/i VTE, s/i ArtE
	Observation

23%
	Dalteparin (200 IU ≥ 150/kg/d)

3.4%
	85%
	19.6%



	CONKO-004 [22]
	312
	Pancreatic cancer
	sVTE
	Observation

10.2%
	Enoxaparin (1 mg/kg/d)

1.3%
	87%
	8.9%



	RASTEN [38]
	377
	Small cell lung cancer
	sVTE
	Observation

8.4%
	Enoxaparin (1 mg/kg/d)

2.7%
	71%
	5.7%



	PHACS [18]
	117
	Khorana Score

≥3
	all VTE
	Observation

21%
	Dalteparin (5000 U/d)

12%
	43%
	9.0%



	CASSINI [39]
	841
	Khorana Score

≥2
	s/i VTE,

VTE-rD
	Placebo

8.8%
	Rivaroxaban (10 mg QD)

6.0%
	32%
	2.8%



	AVERT [17]
	563
	Khorana Score

≥2
	s/i VTE,

VTE-rD
	Placebo

10.2%
	Apixaban 2.5 mg BID

4.2%
	59%
	6.0%







Abbreviations: ARR = absolute risk reduction, BID = twice daily, 1°EP = primary endpoint of the studies, QD = once daily, RRR = relative risk reduction, s/i ArtE = symptomatic/incidental arterial event, sDVT = symptomatic deep vein thrombosis, s/i VTE = symptomatic/incidental venous thromboembolism, VTE-rD = VTE-related death.
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Table 3. Anticoagulant indications, doses, and dose adjustments for kidney dysfunction *.






Table 3. Anticoagulant indications, doses, and dose adjustments for kidney dysfunction *.











	Anticoagulant
	Relevant Indications
	Dose
	Dose Adjustment for Kidney Dysfunction (See Label for More Information)





	Unfractionated heparin (UFH)
	Prophylaxis of venous or arterial thromboembolism
	Prophylaxis: 5000 IE s.c. q8–12 h or 7500 IE s.c. q12 h
	Exert use possible in renal insufficiency, but requires close monitoring



	Enoxaparin
	
	
Prophylaxis of VTE in surgical pts with moderate and high VTE risk



	
Prophylaxis of VTE in pts with reduced mobility





	Prophylaxis mod. risk: 20 mg s.c. QD

Prophylaxis high risk: 40 mg s.c. QD
	Mild to moderate kidney dysfunction (creatinine clearance >/= 30 mL/min): No dose adjustment, but careful clinical observation

Severe kidney dysfunction (creatinine clearance 15–30 mL/min): Prophylaxis 20 mg s.c. QD

Kidney failure (creatinine clearance < 15 mL/min): Use not recommended



	Dalteparin
	
	
Peri- and postoperative primary prophylaxis of DVT in pts with low/mod. VTE risk



	
Peri- and postoperative primary prophylaxis of DVT in pts with high VTE risk



	
Primary prophylaxis of DVT in pts with medical conditions (internal medicine) in pts with mod./high VTE risk and transient immobility





	Prophylaxis low/mod. risk: 2500 IE s.c. QD

Prophylaxis high risk: 2500–5000 IE s.c. QD (see label)

Prophylaxis medical: 5000 IE s.c. QD
	Kidney failure (creatinine clearance < 15 mL/min): Use only with close observation



	Certoparin
	Prophylaxis of VTE
	3000 IE s.c. QD
	Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Great care is necessary



	Nadroparin
	Prophylaxis of VTE
	Prophylaxis: 2850–5700 IE s.c. QD
	Mild to moderate kidney dysfunction (creatinine clearance 30–80 mL/min): Use with great care, monitor anti-Xa levels

Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Use is contraindicated



	Reviparin
	Prophylaxis of VTE
	Prophylaxis: 1750 IE s.c. QD
	Mild to moderate kidney dysfunction (creatinine clearance 30–80 mL/min): Use with great care, monitor anti-Xa levels

Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Use is contraindicated



	Fondaparinux
	Prophylaxis of VTE
	Prophylaxis: 2.5 mg s.c. QD
	Moderate kidney dysfunction (creatinine clearance 30–50 mL/min): Use with great care

Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Use is contraindicated



	Apixaban
	Prophylaxis of VTE (off-label) *
	Prophylaxis: 2.5 mg BID
	Moderate kidney dysfunction (creatinine clearance 30–60 mL/min): no dose reduction

Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Use with great care

Kidney failure (creatinine clearance < 15 mL/min): Use not recommended



	Rivaroxaban
	Prophylaxis of VTE (off-label) *
	Prophylaxis: 10 mg QD
	Moderate kidney dysfunction (creatinine clearance 30–60 mL/min): no dose reduction

Severe kidney dysfunction (creatinine clearance </= 30 mL/min): Use with great care

Kidney failure (creatinine clearance < 15 mL/min): Use not recommended







* DOACs are not approved for thromboprophylaxis besides post-surgery in Europe, and, therefore, dosing in general and dose adjustments for kidney dysfunction are based on recommendations in post-surgery patients.
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Table 4. Types of thrombophilia [113].
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	Hereditary
	Acquired





	Factor V Leiden mutation

• heterozygous

• homozygous
	Antiphospholipid syndrome



	Prothrombin mutation

• heterozygous

• homozygous
	Medication-induced thrombophilia (see also sections below)

• Lenalidomide, thalidomide, pomalidomide(?), all particularly in combination with corticosteroids) (see the section on multiple myeloma below)

• Estrogens

• Heparin-induced thrombocytopenia (HIT)



	Antithrombin deficiency
	Paroxysmal nocturnal hemoglobinuria (PNH)



	Protein C deficiency
	Myeloproliferative neoplasms (e.g., PV, ET)



	Protein S deficiency
	



	Combined thrombophilias (e.g., factor V and prothrombin mutations)
	







Abbreviations: PV = Polycythemia vera; ET = Essential thrombocythemia.
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Table 5. Studies for prophylaxis of central venous device-related thrombosis (CRT).






Table 5. Studies for prophylaxis of central venous device-related thrombosis (CRT).





	Author
	Year
	n
	Intervention
	PE
	PE Control
	PE Experimental
	p-Value





	Bern et al. [133]
	1990
	121
	VKA vs. placebo
	DVT (VG)
	37.5%
	9.5%
	<0.001



	Monreal et al. [134]
	1996
	29
	LMWH vs. placebo
	DVT (VG)
	62%
	6%
	0.002



	Boraks et al. [143]
	1998
	223
	VKA vs. placebo
	DVT (US, VG)
	13%
	5%
	0.03



	Heaton et al. [142]
	2002
	88
	VKA vs. placebo
	DVT (VG)
	11.6%
	17.8%
	0.42



	Mismetti et al. [148]
	2003
	59
	VKA (v), LMWH (h)
	DVT (VG)
	16.7% (v)
	28.6% (h)
	0.48



	Couban et al. [149]
	2005
	255
	VKA vs. placebo
	DVT (symptomatic)
	4.6%
	4.0%
	ns



	Ruud et al. * [150]
	2006
	73
	VKA vs. placebo
	DVT
	36%
	48%
	0.44



	Karthaus et al. [138]
	2006
	439
	LMWH vs. placebo
	DVT (VG or US)
	3.4%
	3.7%
	0.83



	Verso et al. [151]
	2008
	385
	LMWH vs. placebo
	DVT (VG)
	18%
	14.1%
	0.35



	De Cicco et al. [152]
	2009
	450
	VKA (v), LWMH (h), placebo
	DVT (VG)
	52.6%
	21.5%(v)/40% (h)
	<0.01 (w); 0.05 (d)



	Young et al. [153]
	2009
	812
	VKAvs placebo
	DVT (symptomatic)
	6%
	6%
	0.98



	Lavau-Denes et al. [137]
	2013
	420
	VKA or LMWH vs. placebo
	DVT
	14.8%
	8%
	0.0357



	Niers et al. [154]
	2013
	113
	VKA vs. placebo
	DVT (VG)
	9%
	17%
	0.49







VKA = Vitamin K Antagonists, LMWH = low molecular weight heparin, PE = primary endpoint, US = ultrasound, VG = venography, DVT = deep vein thrombosis. * study in pediatric patients.
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Table 6. IMPEDE-VTE Score, adapted from [170].
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	Variable
	Point Score





	IMiD therapy
	+4



	BMI ≥25 kg/m2
	+1



	Pelvic, hip or femur fracture
	+4



	Erythropoiesis-stimulating agent
	+1



	Dexamethason (regimen dose)
	



	– Standard dose (≤160 mg/month)

– High dose (>160 mg/month)
	+2

+4



	Doxorubicin
	+3



	Ethnicity/Race = Asian/Pacific Islander
	-3



	History of VTE before multiple myeloma diagnosis
	+5



	Tunneled line or central venous catheter
	+2



	Existing thromboprophylaxis:

therapeutic LMWH or Warfarin
	−4



	Existing thromboprophylaxis:

prophylactic LMWH or aspirin
	−3







Calculate risk: Recommendation for high risk (>3 points): LMWH (dose equivalent to enoxaparin 40 mg once daily); Recommendation for low risk (≤3 points): no intervention or Aspirin 100 mg once daily.
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