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                                                            The clinical observation of the association between cancer and thrombosis was first reported in 1823 by Jean Baptiste Bouillaud when he was still a medical student.1 However, Armand Trousseau in 1865 was the first to study systematically clinical and autopsy findings and formulate the theory of the close and frequent association between cancer and increased risk of thrombosis. He re-examined the previous observations: “I have just reperused the memoir of Dr. Bouillaud, and have pleasure in stating that the work of my colleague is as complete as if it had been written yesterday.”2 In his 95 lecture on clinical medicine, delivered at the Hôtel Dieu in Paris, he noted: “I have long been struck with the frequency with which cancerous patients are affected with painful oedema in the superior or inferior extremities, whether one or other was the seat of cancer. [&] I have since that period had an opportunity of observing other cases of painful oedema, in which, at the autopsy, I found visceral cancer, but in which during life, there was no appreciable cancerous tumor; and in which there existed a cachexia referable neither to the tubercular diathesis, the puerperal state, nor chlorosis. I have thus been led to the conclusion, that when there is a cachectic state not attributable to the tuberculous diathesis or to the puerperal state, there is most probably a cancerous tumor in some organ. [...] So great, in my opinion, is the semiotic value of phlegmasia in the cancerous cachexia, that I regard this phlegmasia as a sign of the cancerous diathesis as certain as sanguinolent effusion into the serous cavities.”2
The procoagulant mechanisms underlying cancer-associated thrombophilia are complex and multifactorial. However, the expression of tumor cell-associated clot promoting properties leads to the activation of the clotting cascade, with the generation of thrombin and fibrin, and the stimulation of platelets, leukocytes and endothelial cells, enhancing their cellular procoagulant features.3 A possible particular role of neutrophil extracellular traps (NETs) in promoting cancer-associated arterial thrombosis has been reported in patients with ischemic stroke and cancer.4
According to Trousseau’s first observations, traditionally the association between thrombosis and malignancy has been focused on the occurrence of venous thromboembolism (VTE). Overall, cancer has been reported to account for 17-29% of all VTE cases;5 on the other hand, in the prospective Vienna Cancer and Thrombosis Study (CATS), 7.7% of the cancer patients developed VTE within one year after diagnosis or progression of the disease.6
The epidemiology of arterial thrombosis in cancer patients has received much less attention. Indeed, thrombosis in arteries has long been recognized in cancer patients.7 In this issue of the Journal, Grilz et al. report the up-dated results of the CATS study, aimed to investigate the incidence of arterial thromboembolism (ATE), the related risk factors, and the impact on mortality in a cohort of 1880 patients with active newly diagnosed or relapsed cancer.8
The global burden of arterial thrombosis in the general population for the two common artery acute diseases (i.e. acute myocardial infarction and ischemic stroke) has been estimated to be 139.3 and 114.3 per 100,000 people, accounting for an overall incidence rate of 0.25% of individuals.9 In the CATS cohort, the frequency of ATE was 2.6% during a median prospective observation time of two years. In agreement with previous reports, the rate of VTE was 8.4%.8 It is difficult to compare this with earlier reports due to the considerable heterogeneity in the design, inclusion criteria, and source of information (Table 1).1510 In the paper of Grilz et al., the multivariable analysis demonstrated among the types of cancer a significant association only with kidney cancer [Hazard Ratio (HR) 1.6];8 this association had already been reported in some cohorts1312 but not in others.10 Lung cancer was found to be significantly associated with ATE in most reports;151210 this was confirmed in the CATS cohort but only under univariable analysis.8 Cancer stage has been reported to be associated with the risk of ATE,1512 but this increase in risk has not been found in the CATS cohort,8 in agreement with a report on hospitalized patients under chemotherapy.10
[image: ]

Table 1.Studies investigating the incidence of arterial thrombosis conducted in patient cohorts composed of different cancer groups.
Grilz et al. addressed the role of cardiovascular risk factors in the CATS cohort as determinants of ATE in cancer; age, male sex, and smoking were independent risk factors for ATE. Moreover, history of cardiovascular disease, hypertension, and medical conditions needing treatment with lipid-lowering agents or antiplatelet agents were all associated with a 2.2-3.7-fold increase in risk of ATE.8 This was aligned with the findings obtained in the RIETE cohort of cancer patients with VTE, in which history of arterial thrombosis, hypertension, diabetes, and use of statins were over-represented in the patients with subsequent ATE compared with those without.15 The role of previous ATE as a predictor of a novel ATE is indirectly confirmed by the low rate of ATE in the study of Di Nisio et al.,11 in which patients with a history of cardiovascular events were excluded. The median age of the patients recruited in the CATS cohort was 61 years, explaining the relatively lower rate of ATE with respect to the study based on the SEER-Medicare dataset, which collected data from patients over 65 years of age (Table 1).14
Notably, the presence of two or more cardiovascular risk factors (hypertension, diabetes, known arterial cardiovascular disease, and dyslipidemia) resulted in an as high as 5.6-12.5% higher risk of ATE at two years from diagnosis in comparison with patients with none or a single risk factor (cumulative incidence of ATE 1.4-2.7% at 2 years) (Online Supplementary Appendix).8
The risk of cancer-related ATE has been reported to vary during the disease, being highest during the first 6-12 months after diagnosis and then declining.1412 In the CATS cohort, the peak of ATE soon after diagnosis was modest and was then subsequently constant over the entire follow-up period, in contrast to VTE, which peaked during the first six months after diagnosis.8 This distribution could be due to different compositions of the patient cohorts as regards type of cancer, as well as the presence of cardiovascular risk factors. The time distribution of cancer-related ATE has been reported to vary according to the nature of the disease. Patients with colorectal cancer, bladder cancer, and non-Hodgkin lymphoma showed an increased risk of myocardial infarction but not of ischemic stroke beyond one year.14 On the other hand, attenuation of the incidence rate of ATE over time or persistence up to ten years from the diagnosis has been variously described according to different cancer diagnoses.1312
However, the constant rate of ATE over time could be explained by the role of cardiovascular risk factors as a persistent trigger independently of the course of the cancer. It should be pointed out that, in the CATS cohort, cardiovascular risk factors that are significantly associated with ATE, such as hypertension or known arterial cardiovascular disease, are present in 37.5% and 8.5% of the cohort, respectively. Moreover, 303 patients (16.1% of the entire cohort) were at higher risk (i.e. presence of 2 or more cardiovascular risk factors) (Online Supplementary Appendix).8
In cancer patients, the development of ATE has been reported to be associated with a 4-5-fold increased hazard for death.1410 This was substantially confirmed in the CATS cohort, where the occurrence of ATE was associated with a 3.2-fold increased risk of death.8
The major limitation of the study of Grilz et al.,8 as of the other studies, is the lack of information about cancer treatment (chemotherapy or radiotherapy). Many therapeutic agents are associated with a significant risk of ATE or VTE, as recently reviewed (Figure 1).1716 Therefore the drugs used for the active treatment of cancer are essential co-variates in the estimate of the hazard risk of the cancer-related thrombosis. Moreover, antithrombotic prophylaxis administered during active therapy should be taken into account. In the RIETE cohort of cancer patients who have had a VTE event, 86% of the subsequent ATE events occurred during heparin treatment and only 6.3% during antiplatelet treatment.15
[image: ]

Figure 1.Interaction of multiple factors involved in the pathogenesis of arterial thromboembolism in cancer patients. IMIDs: immunomodulatory drugs; TKI: tyrosine kinase inhibitors; VEGF: vascular endothelial growth factor.
In conclusion, ATE is fully recognized as a less frequent but key part of Trousseau syndrome, complicating the course of cancer and having a significant impact on the prognosis. As has been well established for VTE, ATE can be the first signal of an otherwise occult malignancy and can precede the overt diagnosis,184 such that it should arouse suspicion of a potential cancer, especially in those patients without cardiovascular risk factors.
The awareness that cancer itself could be an additional risk factor for ATE, and that cancer therapy can also cause short-term and long-term cardiovascular complications, makes it mandatory to identify high-risk patients, to modify the pre-existent cardiovascular risk factors, and to adopt effective antithrombotic prophylaxis.2019 Early diagnosis and timely intervention in response to these issues can significantly improve the management of cancer patients and lead to a better outcome, especially for those who are elderly or who have cardiovascular risk factors, and those undergoing therapies with cardiovascular toxicity.
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