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Abstract

:

Simple Summary


Direct-acting oral anticoagulants are becoming popular therapeutic option in patients with cancer. We investigated the available literature in order to try to sum up the information’s about them. In this article we present both, advantages and disadvantages of direct-acting oral anticoagulants. We found out that vitamin K antagonists are being slowly replaced by direct-acting oral anticoagulants, whereas compared to low-molecular-weight heparins they are mostly considered as an alternative option. Main concerns when using direct-acting oral anticoagulants are: a higher risk of major bleeding and drug-to-drug interactions with antineoplastic agents. We noticed that current guidelines of different scientific associations are not unanimous. We presented clinical trials on direct-acting oral anticoagulants in regard to cancer patients. Overall there are still a lot of discrepancies in field of by direct-acting oral anticoagulants therapy. In conclusion, this review supports the use of DOACs in various clinical situations.




Abstract


Venous thromboembolism (VTE) is an important aspect in cancer patients. There are various pharmacological methods used for thrombotic event treatment. DOACs (direct-acting oral anticoagulants) are gaining popularity among both physicians and researchers and are slowly starting to replace VKAs (vitamin K antagonists), thus becoming a substitute or alternative option for LMWHs (low-molecular-weight heparins). In this article, we present DOACs’ main therapeutic advantages and disadvantages in patients with cancer. The only major concern with using DOACs is the higher risk of bleeding; however, there are discrepancies in this matter. There are still some types of cancer for which DOACs are not recommended. Specific cancer types may influence the efficacy of DOAC therapy. Additionally, race and ethnicity may affect therapy in cancer patients with DOACs. A sizeable number of clinical trials are focused on comparing DOACs with other anticoagulants. The current guidelines of different scientific associations are not unanimous in their DOAC assessments. There is still a need for more evidence of DOACs’ potential advantages over other methods of anticoagulation in cancer patients to facilitate their position in this recommendation. This literature review presents the current state of knowledge about the use of DOACs in patients with neoplastic growth.
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1. Introduction


Venous thromboembolism (VTE) is a major concern for cancer patients. In patients with cancer, the overall risk of VTE is nine times higher than it is in the general population [1]. This correlation can be explained mostly by elevation of prothrombotic factor expression by either cancer cells or cells forming the tumor microenvironment [2,3]. These mechanisms are self-reinforcing processes because platelets present the ability to promote progression of the cancer [4,5]. Among molecular mechanisms of tumor cell-induced platelet aggregation (TCIPA), scientists described production of tissue factor (TF) by cancer cells [6], production and regulation of thrombopoietin (TPO) [7], and granulocyte colony stimulating factor [8]. Other mechanisms include adhesive protein production by cancer cells that allows for interaction with platelets; for example, P-selectin [9]. Variety of pro-thrombotic processes induced by the neoplastic process, combined with the perception of cancer as a chronic disease, elucidate the need for effective ways of VTE treatment and prophylaxis. Anticoagulant treatment is used to either prevent or treat thrombotic events. Therapeutic agents can be divided into two groups: parenteral and oral. The parenteral group includes unfractionated heparins (UFHs), low-molecular-weight heparins (LMWHs), fondaparinux, and bivalirudin, whereas oral agents are vitamin K antagonists (VKAs) and non-vitamin K antagonist direct oral anticoagulants (DOACs). UFHs have been mostly replaced with LMWHs, whereas VKAs are being replaced with DOACs. There is a growing body of evidence for DOAC use in cancer patients, e.g., in thromboprophylaxis and myeloproliferative neoplasms [10,11,12,13,14]. In a systematic review performed to assess the patients’ values and preferences regarding VTE, it was reported that disease-related health presents a broad spectrum of impact on patients’ lives. In the same report, it was highlighted that the need for therapy monitoring or dietary changes were not preferred [15]. Patients are concerned with the presence of cancer more than with VTE occurrence [16,17]. Receiving treatment with a lower possible interference with cancer treatment was highlighted [17]. Overall, oral medication is more desired over subcutaneous [15,16,18,19,20]. From patients’ perspective, the availability of a DOAC activity reversal agent was not a priority [20,21]. It is important to include the patient in the therapy decision-making process [15,16]. The aim of this review is to analyze the available literature on DOACs and their use in cancer patients. The article search was conducted in February 2023 within the PubMed and Scopus databases. To be included, the article (or at least the abstract) had to have been published in English, published after 2010, and carried out on humans. Case reports were excluded. The following combination of search terms was applied to find articles: ((cancer) OR (neoplasm)) and ((thrombosis) OR (VTE)) and ((NOAC*) OR (DOAC*) OR (LMWH*) OR (VKA) OR (VKAs)). A total of 446 articles in PubMed and 295 in SCOPUS were identified; after exclusion of duplicates and examining the abstract and/or full text, 83 articles remained (Figure 1).




2. DOACs: Revolution in Anticoagulant Treatment


NOACs (novel oral anticoagulants) are a group of anticoagulants that were introduced in October 2010 [22]. As time passed, the term “novel” became inappropriate, so to keep the acronym unchanged, its current meaning is non-vitamin K antagonist oral anticoagulants. This term was met with opposition from some members of the scientific community due to its lexical inaccuracy, leading to the creation of a new term: DOACs (direct-acting oral anticoagulants), proposed by the International Society on Thrombosis and Haemostasis in 2015. Other alternatives to the term present in the current scientific literature are target-specific oral anticoagulants (TSOACs), oral direct inhibitors (ODIs), and specific oral direct anticoagulants (SODAs) [23]. DOACs are the first line of anticoagulant treatment for many diseases. The importance of this group was confirmed by the WHO, which added DOACs to the World Health Organization’s Model List of Essential Medicines in 2019 [24]. Four main drugs belong to the group of DOACs: rivaroxaban, dabigatran, edoxaban, and apixaban. Their main mechanism of action is presented in Figure 2.



	(A)

	
Rivaroxaban is a direct inhibitor of factor Xa, binding directly to the active site of this factor [25]. It also has the ability to inhibit the activity of prothrombinase [26]. Rivaroxaban is a drug that is quickly absorbed after oral administration, with peak concentrations appearing after 2–4 h [27]. Current recommendations to use rivaroxaban include: prevention of atherothrombotic events in adult patients after an acute coronary syndrome with elevated cardiac biomarkers; prevention of atherothrombotic events in adult patients with coronary artery disease or symptomatic peripheral artery disease at a high risk of ischaemic events; prevention of VTE in adult patients undergoing elective hip or knee replacement surgery; treatment of deep vein thrombosis (DVT) and pulmonary embolism (PE); prevention of recurrent DVT and PE in adults; prevention of stroke and systemic embolism in adult patients with non-valvular atrial fibrillation (NVAF) with one or more risk factors; and treatment of VTE and prevention of VTE recurrence in children and adolescents under 18 years of age [28,29,30].




	(B)

	
Apixaban is a drug approved by the US Food and Drug Administration (FDA) in 2012. It is a highly selective inhibitor of factor Xa. It does not affect platelet aggregation. Its total bioavailability stands at about 50%, with peak plasma concentrations after 3–4 h [31]. Therapeutic indications of apixaban include: prevention of VTE events in adult patients who have undergone elective hip or knee replacement surgery; prevention of stroke and systemic embolism in adult patients with NVAF who have one or more risk factors; treatment of DVT and PE; and prevention of recurrent DVT and PE in adults [32,33,34].




	(C)

	
Edoxaban is a direct and specific inhibitor of factor Xa, with selectivity towards factor Xa nearly 10,000 times higher than thrombin [26]. Edoxaban was registered by the FDA in 2015. The highest concentration in plasma is noted after 1–2 h, with the half-life of the molecule being 10–12 h [35]. Currently, edoxaban is registered for the following therapeutic indications: prevention of stroke and systemic embolism in adult patients with NVAF with one or more risk factors; treatment of DVT and pulmonary embolism (PE); and prevention of recurrent DVT and PE in adults [36,37,38].




	(D)

	
Dabigatran etexilate is a factor IIa inhibitor. It is produced in the form of a prodrug that must be transformed into its active form by microsomal carboxylesterases in the liver. Due to its poor availability (around 6%), there is a need for the administration of high dabigatran dosages [39]. The half-life of dabigatran particles is 12–17 h, with the highest serum concentration achievable between 1 and 2 h after admission. It is important to mention that dabigatran is mainly eliminated by the kidneys; therefore, it is contraindicated in patients with renal failure [40]. Therapeutic indications of dabigatran include primary prevention of VTE events in adult patients who have undergone elective total hip or total knee replacement surgery; prevention of stroke and systemic embolism in adult patients with NVAF who have one or more risk factors; treatment of DVT and PE; and prevention of recurrent DVT and PE in adults [41,42,43].








3. DOACs’ Potential to Replace Classical VKAs in the Therapy of Patients with Cancer


VKAs were the first group of oral anticoagulant drugs used in therapy. They have been available since the 1950s. VKAs display their anticoagulant abilities by inhibiting vitamin K reductase, leading to the depletion of coagulation proteins (factors II, VII, IX, and X), which depend on vitamin K in their synthesis pathways [44]. Compared to DOACs, VKAs have various limitations, including slow onset and late offset of therapeutic activity. The dose of VKAs is not fixed, as in the case of DOACs, because it has to take into consideration the genetic polymorphism of patients, their metabolism, and their daily intake of vitamin K. This leads to the need for frequent monitoring of anticoagulation treatment, which is inconvenient for patients and costly for the health care system. In addition, the risk of bleeding is lower in DOACs compared to VKAs [12]. Studies have shown that DOACs constitute a group of drugs that overtake traditional VKAs in anticoagulation treatment [45,46,47]. Papers provide evidence of DOACs’ benefits compared to traditional therapy with VKAs [48,49,50,51,52,53,54]. In cancer patients, VKA use was associated with a higher risk of cancer-associated thrombosis (CAT) and recurrence of bleeding compared with the general population [55,56]. There is also a higher risk of VTE recurrence and anticoagulant-associated bleeding [53,57,58]. Administration of VKAs is also strained because of multiple drug–drug interactions in cancer patients. The major advantages of DOACs for patients with cancer in comparison to VKAs are predictable pharmacokinetics and pharmacodynamics, few drug–drug and drug–food interactions, and a wide therapeutic window [59]. Additionally, the persistence in DOACs’ usage is higher than that of VKAs [60]. Studies provide evidence that the administration of DOACs is associated with a lower risk of major bleeding (MB) in cancer patients with VTE. In contrast to DOACs, VKAs are also not recommended for acute VTE in patients with cancer [61,62,63,64,65,66]. Patients with active cancer treated with VKAs have a higher risk of death than patients treated with DOACs [67]. In patients with cancer and atrial fibrillation (AF), DOACs prove to be safer than traditional VKAs, leading to fewer incidences of MB, combined ischemic stroke/systemic embolism, intracranial bleeding, and major gastrointestinal bleeding [68]. In patients with AF and a history of cancer, DOACs seem to be safer than VKAs in patients aged < 75 years [69,70,71]. In partial contradiction to the data discussed in the previous statement, one of the studies analyzed states that in patients with gastrointestinal (GI) tract malignancies with and without comorbid AF, oral anticoagulant-related GI bleeding was more likely to appear in patients treated with DOACs in comparison to VKAs, especially in groups of older men [72,73]. The risk of bleeding is also reported to be higher in older men with genitourinary tract malignancies [73]. DOACs are postulated to decrease the risk of primarily DVT events in patients exposed to high-risk chemotherapy, with VKAs lacking this activity in a head-to-head comparison [74]. Patients with cancer using DOACs have a lower risk of ischemic stroke, systemic embolism, and myocardial infarction [75,76,77] compared to VKA users. A study concerning the anticoagulant treatment of post-stroke patients with cancer shows another example of DOACs’ higher value than traditional VKA treatment [78].




4. Could DOACs Be Used as a Substitute for Classic Anticoagulant LMWH Therapy?


Low-molecular-weight heparins (LMWHs) are considered a recommended treatment for VTE in cancer patients. They were introduced as an alternative to VKAs. LMHWs inhibit coagulation through the activation of antithrombin III, which binds to factor Xa and causes its inhibition. This results in the final common path not being activated. Xa inactivation means that prothrombin is not activated to thrombin, thereby not converting fibrinogen into fibrin for the formation of a clot [79,80]. The advantages of DOAC therapy are oral administration [62,75,81], rapid onset and offset of action [74,82,83,84,85], no need for therapy monitoring [81,82,83,86,87,88], patient comfort [61,83], lower therapy cost than LMWHs, fixed doses [83,84], few drug–drug or food–drug interactions, predictable anticoagulation effects, and the presence of specific reversal agents [81,82,88]. The disadvantages of DOACs are lower efficacy than LMWHs in vomiting patients, less clinical experience than LMWHs, and caution advised in renal insufficiency [82,89,90]. Additionally, there is a lack of studies in obese patients and those with platelet counts lower than 50,000 mg/L [90]. There is a concern in terms of monitoring DOACs’ anticoagulation effect, but UPLC–MS/MS is being proposed as a potential solution [91]. DOACs had a higher, yet nonsignificant, risk of MB compared with LMWHs [55]. However, it was reported that GI bleeding associated with the use of DOACs may be a cancer revelator [70]. It is important to assess patients’ risk of VTE occurrence, which can be done using the Khorana Risk Score (KRS). KRS is a point-based score used to assess the risk of VTE occurrence in ambulatory cancer patients. It divides the population into three risk categories: low, intermediate and high. It takes into account five parameters, which are: the type of cancer, with distinctions of high risk (pancreas and stomach) and low risk (lung, lymphoma, gynecologic, bladder, testicular); a prechemotherapy platelet count of 350 × 109/L or more; a hemoglobin level of less than 100 g/L or the use of red-cell growth factors; a prechemotherapy leukocyte count of more than 11 × 109/L; and a BMI of 35 kg/m2 or more [92,93]. A review performed by Lenihan DJ et al. provides evidence that DOACs are not inferior to LMWHs in terms of treatment of VTE. It was also noted that not every cancer patient should receive routine pharmacologic thromboprophylaxis, but those who are included in the high-risk group should be treated with either DOACs or LMWHs [92,93,94,95,96,97]. In a Cochrane meta-analysis, it was found that there were no differences between DOACs and conventional anticoagulation of recurrent VTE. However, the evidence was moderate or low [98]. When discontinuing the anticoagulant therapy, patients with a metastatic disease are at greater risk of VTE recurrence at 6 and 12 months; however, with regard to incidental VTE, the risk is lower in this time period [99]. RIETE registry’s data analysis displayed a more consistent risk of subsequent VTE events in cancer patients with superficial vein thrombosis (SVT) than in cancer patients with DVT during the first 3 months of anticoagulant therapy [100]. Studies on patients with hematological malignancies showed a lower bleeding or recurrence rate in the DOAC group compared to the LMWH group [101]. With regard to incidental PE, its single subsegmental type was not significantly associated with the risk of recurrent VTE, whereas the multiple type presented an increased risk of recurrent VTE [102]. A high risk of recurrence in patients with gynecological and pancreatic or hepatobiliary cancer was also reported. In the same report, there is a mention of ECOG status of 1 or greater being a risk for recurrence [103]. In another systematic review, DOACs were displayed as more effective than LMWHs in the prevention of recurrent VTE (rVTE), yet they were associated with an increased risk of MB and clinically relevant non-major bleeding (CRNMB) [104]. Rivaroxaban and LMWHs reduced the occurrence of peripherally inserted central venous catheter-related upper extremity VTE in cancer patients during chemotherapy [105]. In a randomized control trial (RCT) comparing rivaroxaban and enoxaparin in patients undergoing gynecological cancer surgery, it was proven that those agents had similar rates of thrombotic and bleeding events [106]. In a study conducted on the Asian population, similar rates of rVTE were reported when DOACs and enoxaparin treatment were compared. DOACs had similar VTE recurrence risk and MB at 12 months follow-up. The results of this study also suggest that there might be an association between race or ethnic differences and GI bleeding in treatments with DOACs in cancer-associated VTE (CAVTE) [107]. VTE recurrence was lower in patients treated with rivaroxaban than LMWHs [55,108]. In a systematic review on rivaroxaban and LMWHs, it was discovered that, compared to LMWHs, rivaroxaban has a lower risk of VTE recurrence, lower all-cause mortality, and a better overall NCB [56]. In a meta-analysis performed by Camilli M et al., the significant superiority of DOACs over LMWHs was reported in treating rVTE in cancer patients [109]. The major concern of DOACs therapy is their bleeding risk. In a phase III trial, edoxaban was reported to be noninferior to dalteparin in patients with CAVTE, with regard to the combined outcome of rVTE or MB [110]. DOACs treatment was associated with a lower risk of GI bleeding than enoxaparin. With regard to MB, there were no increased events. They were shown to have a lower rate of major GI bleeding when compared with enoxaparin [107]. DOACs are also preferred when anticoagulation therapy is going to be extended. In patients with CAT treated with DOACs, caution is required when patients are at higher risk of bleeding or drug-to-drug interactions [111]. Interestingly, in an observational study, the median time to a minor or MB occurrence was shorter in DOACs than LMWHs [85]. Xa inhibitors were associated with an increased overall risk of bleeding events when compared with LMWHs, with the majority of these events being CRNMB. The GI tract was reported to be the most common bleeding site. Additionally, the risk of intracranial bleeding while treating CAVTE was presented as a significant concern [112]. Contrary to Hussain MR et al.’s findings, the risk of MB was reported not to increase during DOAC treatment; however, CRNMB and GI bleeding risk were reported to be increased, which is consistent with Hussain MR et al.’s meta-analysis. What is more, there is a report that says there is no evidence of a significant difference between rivaroxaban and LMWHs in terms of MB. However, in the same study, taking CRNMB into account, there was a higher prevalence in the rivaroxaban group [56]. Data gathered in the meta-analysis of Mohamed MFH et al. showed the potential superiority of rivaroxaban concerning a lower mortality rate when compared with LMWHs; however, the result displayed marked heterogeneity [56]. Additionally, DOACs may be associated with a lower risk of intracranial hemorrhage than LMWHs with regard to metastatic brain disease and venous thrombosis [86]. When considering the safety of DOAC therapy, it was shown in a pilot study that extended treatment with DOACs seems to be associated with similar effectiveness and safety as LMWHs [85], as well as in a recent meta-analysis that supports the safety and efficacy of DOACs as a CAT treatment [113]. Furthermore, this therapy is comparable with LMWHs in active cancer patients undergoing treatment for cryptogenic ischemic stroke; however, the study was conducted on a small sample size [114]. In terms of GI tumors, DOACs show a comparable safety profile with LMWHs [109]. If anticoagulation treatment is required beyond 6 months, DOACs and LMWHs are safe to use; however, DOACs are associated with a higher risk of bleeding [115]. In another review, Xa inhibitors were shown to be comparable to LMWHs with regard to the risk of recurrent PEs. No significant difference was reported between Xa inhibitors and LMWHs in the risk of a fatal VTE; however, this was based on very low certainty evidence [112]. For patients who suffer from multiple myeloma and receive thalidomide- or lenalidomide-based regimens combined with chemotherapy and/or dexamethasone, as well as individuals with locally advanced or metastatic pancreatic cancer, the recommended anticoagulants are apixaban and rivaroxaban or LMWHs. Interestingly, VKAs are no longer recommended. In terms of secondary prevention of VTE, recent RCTs and meta-analyses indicated that apixaban, one of the DOACs, had the best safety and efficacy profiles in this category. DOACs are suggested over LMWHs or VKAs when dealing with patients undergoing chemotherapy for newly diagnosed NVAF, with the exception of patients with luminal gastrointestinal cancers with an intact primary or patients with active gastrointestinal mucosal abnormalities such as duodenal ulcers, gastritis, esophagitis, or colitis [116]. In another review, DOACs are shown to be a preferred agent in AF unless there are strong contraindications [117]. It is important that cytochrome P450 3A4-related drug-to-drug interaction of DOACs can interfere with their pharmacokinetics [61,90]. Some reports provide lists of chemotherapeutic agents and immunosuppressants that can potentially interfere with DOACs’ basin of known metabolic pathway activity [48,87]. Most of the time, drug–drug interactions occur between tyrosine kinase inhibitors [48,87,118]. Other groups are small-molecule inhibitors [119], monoclonal antibodies i.e., alemtuzumab, hormonal agents, i.e., enzalutamide, and immune-modulating agents, i.e., cyclosporine [118]. It is important to highlight that DOACs will interfere differently with antineoplastic agents, with apixaban having the lowest potential to interact with antineoplastic agents [120]. There is still a lot of research to be done to investigate possible drug-drug interactions. Specific cancer cells may inhibit the thrombin generation provided by apixaban or enoxaparin. The combined presence of BXCP3 or MCF7 cells and platelets was linked to a weaker impact on the antithrombotic effect of apixaban than enoxaparin. Interestingly, the presence of BXCP3 or MCF7 cells separately impacted the inhibitory strength of apixaban and enoxaparin on a similar level [121]. Although DOACs are promising therapeutic agents, it is not uncommon for LMWHs to be recommended over DOACs, e.g., for patients who present a high risk of bleeding, such as GI cancer patients, those who require frequent dose adjustments with chemotherapy-induced thrombocytopenia, those who receive ongoing anticancer therapies with potential drug–drug interactions, as well as those with brain metastases [113]. In Table 1, various treatment agents used in guidelines for treating thrombotic events in cancer patients are gathered.



Currently available guidelines are considering the role of DOACs in VTE prophylaxis among patients with cancers in three main settings. The first one being patients undergoing surgical treatment of malignancies with no distinction between classic and laparoscopic procedures. In this case, usage of DOACs is mostly not recommended [94,95,97], with the exception of apixaban, which is one of the recommended drugs in postoperative VTE prophylaxis [90,96]. In the case of hospitalized patients, DOACs are also not the recommended method of VTE prophylaxis [95,96,97]. Nevertheless, ASH Guidelines allow patients to continue using DOACs regimen when the prophylaxis was started before hospitalization [90]. The last group of patients widely discussed in the context of VTE prophylaxis are outpatients undergoing systemic chemotherapy or bone marrow transplantation. According to experts, VTE prophylaxis should be considered only in patients with high [90,94,95,96] or intermediate [97] risk of VTE (Khorana Risk Score two or higher). In this indication, DOACs are the recommended group of drugs alongside LMWH. It is important to mention that in patients with CVC, parenteral prophylaxis should be administered [94]. Recommendations discussed in the guidelines are reflected in conducted clinical trials. AVERT trail proved that thromboprophylaxis with apixaban reduced the risk of major VTE in most patients who were undergoing chemotherapy, same finding was made in subgroups of patients with gastrointestinal cancers, CVC presence, impaired renal function, and metastatic disease [124,125,126,127,128]. In the subgroup of patients initiating chemotherapy for recurrent disease, apixaban thromboprophylaxis was shown to be effective [129]. CASSINI study subgroups were analysed in field of thromboprophylaxis with rivaroxaban, and it was proved to be a viable therapeutic option [130,131]. In the pancreatic cancer subgroup, rivaroxaban was found to be potentially beneficial in VTE reduction [132]. However, in a placebo-controlled trial, no benefit of rivaroxaban treatment in high-risk ambulatory patients was displayed [133].




5. Clinical Trials


Presently, there are some clinical trials that are investigating DOACs in different setups. There is an ongoing study investigating whether drugs, inducing the CYP 3A4 isoenzyme of CYP450 and the P-gp transporter, significantly affect plasma levels of DOACs in patients with NVAF and VTE [134]. In this study, MACACOD DOACs are being investigated in terms of AF and rVTE [135]. In the CANVAS study, LMWHs and warfarin are compared to DOACs in cancer patients [136]. VICTORIE is a retrospective analysis of observational cohorts with VTE and active cancer or patients with VTE and a history of cancer who initiate anticoagulant treatment with a VKA, LMWHs, or DOACs [137]. Rivaroxaban’s anti-proliferative and other anti-cancer progression mechanisms are being assessed [138]. In OSCAR-SE, rivaroxaban is being compared with LMWHs [139]. A phase III RCT comparing rivaroxaban and placebo is being carried out [140]. Post-discharge prophylaxis with rivaroxaban in lung cancer patients is being investigated [141]. In VTE-POG, which is an ongoing open-label study of apixaban for VTE prevention in patients with newly diagnosed grade 4 glioma [142], there is a retrospective database analysis of health care claims data that investigates treating patients diagnosed with cancer and VTE with apixaban or LMWHs [143]. The ASTER study compares the effect of abelacimab relative to apixaban on VTE recurrence and bleeding in patients with CAVTE [144]. CASTA-DIVA investigated rivaroxaban compared with dalteparin in patients with CAT. Unfortunately, pre-defined criteria for noninferiority were not met because of an insufficient number of patients; however, its efficacy and safety results were consistent with those previously reported with DOACs [145]. The Caravaggio study reported noninferiority of oral apixaban to subcutaneous dalteparin treatment in CAT patients [146]. There is a report which sums up the role of DOACs in patients with CAT [147]. We did not identify ongoing studies that would include dabigatran or edoxaban as a single agent used in cancer patients.




6. Conclusions


Thrombotic events are a major concern in cancer patients, despite the constant efforts of physicians and scientists. The appearance of DOACs brought a new therapeutic option to the management of VTE. In this article, we showed that, in most cases, VKAs are being replaced with DOACs, whereas in terms of LMWHs, they are considered a substitute or alternative option. There are some major advantages to DOACs over VKAs, mainly fixed dosage and no need for therapy monitoring. The wide range of papers discussed in this review seem to support this statement in the therapy of patients with cancer. Nevertheless, there are still instances of VKAs superiority in comparison to DOACs that should not be omitted. Patients with GI and genitourinary tract malignancies, with particular emphasis on elderly men, are especially benefiting from VKAs therapy. A comparison between DOACs and LMWHs showed that their efficacy is predominantly comparable, although DOACs are more patient friendly in terms of their quality of life. It is also important to mention that there are still many uncertainties when it comes to DOACs usage in cancer patients with VTE. The main concerns revolve around the probable risk of MB and an insufficient amount of data and experience when it comes to treatment in obsessed patients and those with low plates count and renal insufficiency. Lack of strong evidence may lead to lower uptake of recent guidelines regarding prophylaxis with DOACs. Unfortunately, not every agent among the DOACs is equally researched. Rivaroxaban and apixaban are the main subjects of interest, with edoxaban and dabigatran being less popular in clinical trials. However, edoxaban was reported to be noninferior to subcutaneous dalteparin in the HOKUSAI-VTE study. The main concern when using DOACs is the higher risk of bleeding; however, there are some discrepancies between studies in this area. There is a possibility that ethnicity or race will be a field of particular interest for research, as it may affect the risk of bleeding. The presence of specific cancer cells may impact the efficacy of DOACs. Guidelines were found to vary in terms of therapeutic agents used in the management of thrombotic events. We identified some clinical trials that can contribute to standardizing the clinical approach for cancer patients. There is a need for further research on DOACs’ use in more specific situations. This review supports the use of DOACs in various clinical situations.
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Figure 1. A schematic process for selecting publications for the review. 
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Figure 2. Visual representation of DOACs’ mechanisms of action presented on a model coagulation cascade. 
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Table 1. Current guidelines for thrombotic events and anticoagulation treatment in cancer patients.
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	Guidelines
	SEOM 2019 [122]
	THAZ 2019 [123]
	ASCO 2020 [94]
	ASH 2021 [97]
	SGO 2021 [90]
	NCCN 2021 [96]
	ESMO 2023 [95]





	Prophylaxis for VTE in hospitalized patients with cancer
	-
	-
	Routine pharmacologic thromboprophylaxis may be offered
	LMWHs
	LMWHs
	LMWHs, fondaparinux, UFHs
	LMWHs, apixaban, rivaroxaban



	Prophylaxis for VTE in ambulatory patients with cancer during systemic therapy
	-
	-
	Routine pharmacologic thromboprophylaxis should not be offered. In high-risk patients, apixaban, rivaroxaban or LMWHs
	LMWHs, fondaparinux
	Rivaroxaban, apixaban, LMWHs
	Apixaban, rivaroxaban, dalteparin and enoxaparin
	-



	Prophylaxis in patients with cancer undergoing surgery
	-
	-
	Prophylaxis should be initiated preoperatively. LMWHs, UFHs
	Prophylaxis should be initiated postoperatively. LMWHs
	LMWHs, UFHs, apixaban
	Apixaban, dalteparin and enoxaparin
	LMWHs, UFHs



	Prevention of rVTE
	-
	-
	LMWHs, UFHs, fondaparinux or rivaroxaban.
	-
	-
	-
	-



	Initial CAT treatment
	LMWHs, rivaroxaban, UFHs, fondaparinux
	-
	-
	LMWHs
	-
	-
	LMWHs, UFHs, fondaparinux, apixaban, rivaroxaban



	Short-term treatment for patients with active cancer
	-
	-
	-
	DOACs, LMWHs
	-
	-
	-



	Long-term treatment for patients with active cancer
	LMWHs,

DOACs
	-
	-
	DOACs, LMWHs
	LMWHs, apixaban, edoxaban or rivaroxaban
	-
	LMWHs, apixaban, edoxaban, rivaroxaban



	CVCAT
	LMWHs,

DOACs
	-
	-
	-
	-
	-
	-



	Incidental VTE
	LMWHs,

DOACs
	Rivaroxaban, apixaban, dabigatran, warfarin, LMWHs
	-
	-
	-
	-
	LMWHs, UFHs, fondaparinux



	Recurrent VTE during anticoagulation therapy
	LMWHs,

DOACs
	-
	-
	LMWHs
	-
	-
	-



	Central nervous system primary tumors and metastasis
	LMWHs,

DOACs
	-
	-
	-
	-
	-
	-



	Anticoagulation in the absence of VTE to improve survival in cancer patients
	Anticoagulant use in cancer patients should not be prescribed to improve survival
	-
	Anticoagulant use is not recommended to improve survival in patients with cancer without VTE
	-
	-
	-
	-
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