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ABSTRACT: Cancer-associated thrombosis (CAT) is a leading cause of morbidity and mortality among cancer
patients. While venous thromboembolic events have been extensively studied due to their higher incidence, arterial
thrombosis in cancer patients—referred to as cancer-associated arterial thromboembolism (CA-ATE)—is less well
understood but may pose a greater danger. The pathophysiology of CA-ATE involves complex interactions between the
tumor microenvironment, cancer cells, patient-related factors, and cancer therapies. Some chemotherapeutic agents,
particularly platinum-based compounds (cisplatin, oxaliplatin), gemcitabine, taxanes, and targeted therapies such as
tyrosine kinase inhibitors (TKIs), have been associated with an increased risk of arterial thrombosis. In certain patient
populations, hormonal therapy and selective estrogen receptor modulators may also contribute to this risk. Additionally,
factors such as patient age, cancer type, and stage contribute to an increased risk of arterial thrombosis in this
population. Key mechanisms driving CA-ATE include endothelial injury, hypercoagulability, and platelet activation.
Certain malignancies, notably lung and pancreatic cancers, are associated with a higher incidence of arterial thrombotic
events. The aim of this review is to enhance understanding of the underlying mechanisms of cancer-related arterial
thromboembolism and to highlight the various therapeutic, cancer-related, and patient-related factors that contribute
to the occurrence of cancer-associated arterial thrombotic events.

KEYWORDS: Anticancer drugs; cancer-associated arterial thromboembolism; pathophysiology; risk factors;
thrombosis

1 Introduction

Thrombosis is the second leading cause of death in cancer patients, after cancer itself [1,2]. Cancer
patients are at high risk of developing either venous thromboembolism (VTE) or arterial thromboembolism
(ATE) [1,2]. The first report linking cancer to thrombosis dates back to 1865, when Armand Trousseau
described the association between thrombosis and undiagnosed malignancy [3]. Cancer-associated throm-
bosis (CAT) remains one of the leading causes of non-cancer-related morbidity and mortality among cancer
patients [4]. Both tumor microenvironment and anticancer therapies influence hemostatic mechanisms,
contributing to thrombotic risk [2,4].

The tumor microenvironment is an important contributor to thrombosis [5]. However, in many patients,
thrombosis may be the first clinical manifestation of cancer, often diagnosed within six months of the
thrombotic event [6]. Patients with cancer face the risk of both venous and arterial thrombosis, which is more
commonly associated with solid tumors but can also include disseminated intravascular coagulation [6].
Venous thromboembolism has been extensively studied, as it is the most frequent thrombotic complication
in cancer patients [7]. Recently, however, there has been a notable increase in ATEs, attributed in part to
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newer chemotherapeutic agents. This underlines the need for further investigation into the mechanisms
and risk factors underlying CA-ATE [7]. Several strategies have been implemented in clinical practice to
prevent CAT. These include anticoagulant therapy with low-molecular-weight heparin (LMWH) or direct
oral anticoagulants, with individualized risk assessment to balance the benefits of thrombosis prevention
against the risk of bleeding and close monitoring according to patient condition, cancer type and treatment
regimen [8]. Risk stratification is usually performed using validated tools, such as the Khorana score, which
incorporates tumor type, blood counts, and Body Mass Index (BMI) to identify patients at higher risk of
VTE [9]. The American Society of Hematology (ASH) 2021 guidelines recommend primary thrombopro-
phylaxis with low-molecular-weight heparin (LMWH) or direct oral anticoagulants (DOAC:s, e.g., apixaban,
rivaroxaban) for high-risk ambulatory patients, while suggesting DOACs or no prophylaxis for intermediate-
risk patients [10]. The International Initiative on Thrombosis and Cancer (ITAC) 2022 guidelines similarly
endorse prophylaxis for high-risk patients, particularly those with pancreatic cancer or a Khorana score
>2 [11]. The European Society for Medical Oncology (ESMO) 2023 guidelines extend recommendations to
all ambulatory cancer patients with a predicted 6-month VTE risk >8%-10% [12]. The British Society for
Hematology (BSH) 2024 specifically recommends thromboprophylaxis for pancreatic cancer patients and
considers it for other high-risk malignancies [13]. Despite these recommendations, prophylaxis remains
inconsistently applied in clinical practice due to concerns about bleeding risk and treatment complexity [14].
Importantly, no formal guidelines currently exist for the prevention of CAT, highlighting a major gap in
evidence-based management. The aim of this review is to provide a comprehensive overview of cancer-
associated arterial thromboembolism, focusing on its underlying pathophysiological mechanisms and the
key cancer-related, treatment-related, and patient-related risk factors contributing to its development.

2 Epidemiology

In 2022, nearly 20 million people were newly diagnosed with cancer worldwide, and around 10 million
deaths were attributed to the disease. Projections based on population growth suggest that by 2050, the
number of annual new cancer cases could reach 35 million, marking a substantial increase from current
levels [15]. Given this high burden of cancer worldwide, complications such as thrombosis represent a major
contributor to mortality. It is widely recognized that thrombosis is the second most common cause of death
in cancer patients after cancer itself [1,2,16]. In fact, patients with active cancer are 4 to 7 times more likely to
develop CAT [4,17]. Research data indicate that patients with diagnosed malignancy account for 20%-30%
of VTE cases in the general population [17]. Over the last 20 years, studies have shown an increase in the
12-month incidence of VTE, rising from 1% in 1997 to 1.9% in 2004 and 3.4% in 2017 [16,18].

As mentioned, VTE can present as the first symptom of undiagnosed cancer in asymptomatic patients.
Specifically, 4% of individuals who develop VTE for the first time will be diagnosed with malignancy within
the following 6 months [16,18]. Furthermore, within 6 months of starting cancer treatment, the risk of VTE

increases 12- to 23-fold compared to the general population [17]. This risk is even higher for patients receiving
chemotherapy or targeted therapies, with 15%-25% experiencing recurrent thrombosis [16-18].

Cancer patients also have an increased risk of ATE, including myocardial infarction (MI) and stroke [6].
Although arterial thrombosis has been less extensively studied than venous thrombosis, ATE occurrence
is linked to poorer treatment response, higher risk of recurrent thromboembolism (37% within the next
6 months), and increased mortality [19]. The cumulative incidence of ATE within 6 months of cancer
diagnosis ranges from 1% to 5% [4].

To investigate ATE incidence, Navi et al. conducted a large retrospective study using data from the
Surveillance, Epidemiology, and End Results (SEER) database [20]. The study analyzed 279,719 pairs of newly
diagnosed cancer patients and matched controls from 2002 to 2011 [20,21]. Cancer types included breast,
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prostate, bladder, non-Hodgkin lymphoma, lung, stomach, and pancreatic cancers [21]. Within the first
6 months after diagnosis, ATE incidence was 4.7% in cancer patients vs. 2.2% in controls [21].

Among cancer types, patients with lung, stomach, and pancreatic cancer had higher risks of ATE, with
incidence rates of 8.3%, 6.5%, and 5.9%, respectively. However, ATE incidence significantly decreased after
one year, regardless of cancer type [21]. Advanced cancer stages were associated with higher ATE risk; for
example, 7.7% of patients with stage 4 cancer developed ATE within 6 months of diagnosis, compared to
2.3% of patients with stage 0 cancer [21].

MI occurred more frequently (3.0% of cancer patients) than ischemic stroke (2.0% within 6 months
post-diagnosis) [21]. Notably, patients who experienced acute ischemic stroke had a high and progressively
increasing rate of recurrent ATE—21% at 1 month, 31% at 3 months, and 37% at 6 months [19].

A recent meta-analysis by Deng et al., which included data from over 5 million patients, reported an
incidence of ATE of 11.60 per 1000 person-years. Cardiac events such as MI (6.11 per 1000 person-years) and
stroke (9.07 per 1000 person-years) constituted a significant proportion of these events [22].

After surgery, patients have an increased likelihood of arterial thrombosis, such as infarction or
ischemic stroke, due to a combination of tissue injury, inflammation, metabolic changes and hemostasis
disturbances [23,24]. Anesthesia may also contribute through temporary fluctuations in pressure and
coagulation [25]. The fact that the increased risk is mainly limited in the early period after surgery suggests
that surgery mainly activates an already existing thrombogenic state in the body. In a large national registry
studied by Navi et al., approximately 1% of patients with disseminated cancer experienced perioperative MI
or ischemic stroke, with a significant mortality of 20% [26]. Similarly, Rautiola et al. followed the cumulative
incidence of MI and ischemic stroke in the first year after surgery [25]. The results showed that the cumulative
incidence of MI was 1.33% and ischemic stroke was 1.25%, with respective ORs 0f 1.28% and 1.25% compared
with the reference population [25]. Events were more severe when recorded during hospitalization for
surgery (e.g., PCI or bypass), whereas after hospital discharge, rates of serious or fatal events remained
similar [25].

3 Pathophysiology
3.1 Venous Thrombosis

Venous thrombosis includes both deep vein thrombosis and pulmonary embolism, which are initiated
by a valve in the blood vessels [27]. Among the predisposing factors for thrombosis are reduced blood flow,
low shear stress, and limited oxygenation [27]. Platelets and leukocytes trapped in the valve sites increase
thrombotic activity [27]. Thrombosis in the veins is mainly fibrin-rich and is produced when the endothelium
is damaged and the coagulation system is activated by tissue factor (TF) activation [28]. The mechanisms in
CAT are described recently by several investigators [2,29]. The coagulation cascade causes prothrombin to
be converted into thrombin, leading to platelet aggregation at the site of injury [28].

3.2 Arterial Thrombosis

Pathogenesis of arterial thrombosis is primarily due to Virchow’s triad endothelial damage [27,30]. The
main cause is the instability of atherosclerotic plaques, which occurs when the plaques are rich in lipids
and have a thin fiber cap, making them susceptible to thrombotic events [27]. When the plaques rupture,
thrombus formation is stimulated by activation of the platelets [27]. This is due to the high rate of shear
stress in the narrowed arteries, since platelets are the only cellular components that can stick and activate in
these conditions [29]. High shearing intensities actually promote platelet activation [29]. Although arterial
thrombosis in cardiac patients is usually due to the rupture of atherosclerotic plaques, in cancer patients it
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is less likely to be related to underlying atherosclerosis [29]. More specifically, systemic hypercoagulability
driven by tumor-derived factors, such as thrombin and vascular endothelial growth factor (VEGF), may also
be involved in ATE [29]. These factors contribute to the activation of platelets and therefore to thrombosis
without necessarily the rupture of atherosclerotic plaques [29].

Platelets are one of the major regulators of hemostasis [31,32]. They have a short lifespan of no more than
10 days and are removed to maintain platelet homeostasis, with a new 10! platelets daily production [31].
Upon intravascular injury, platelets activated and interacted with the coagulation cascade, leading to clot
formation [33].

Platelets play a key role in progression, metastasis and, more generally, in arterial thrombosis associated
with cancer [34]. Their cancer-related hyperactivity has been observed in a variety of tumor types, including
endometrial and cervical carcinomas [35]. Common features of this hyperactivity are reduced survival,
reduced prostacyclin sensitivity, and increased levels of soluble products such as platelet factor 4 (PF4)
and thrombospondin [35]. In vitro, tumor cells have been shown to activate platelets either through direct
contact or by releasing stimulants such as ADP, thromboxane A2 (TXA2) and thrombin, which promote
tumor-associated procoagulation [35]. The mechanism of tumor cell induced platelet aggregation (TCIPA) is
particularly important, since it is induced in various types of cancers such as colorectal, renal, and pancreatic
cancer [34]. ADP produced by cancer cells, induces platelet aggregation via the P2Y1 and P2Y12 receptors,
whereas thrombin activates platelets via the PAR-1 and PAR-4 receptors. Finally, activation of platelets
contributes to metastasis [2,36]. Thromboxane A2 also enhances this process, and both GPIIb-IIIa and
GPVI receptors play a central role in platelet adhesion to neoplastic cells and the vascular wall [36]. In
parallel, overexpression of the Major Histocompatibility Complex class I (MHC-I) helps cancer cells evade
recognition by natural killer (NK) cells and enhances their migratory capacity [37].

Although increased levels of vVWF and enhanced platelet aggregation via ADP have been recognized as
factors promoting thrombosis, the exact clinical relevance of these events is still under investigation [35].
Platelet microparticles (PMPs) excreted during platelet activation also play an important role in angiogenesis,
metastasis and thrombosis and provide a platform for the transport of TF and phospholipids [38,39].
Increased levels of these PMPs have been reported in colorectal and breast cancers [4,38,40].

Simultaneously with platelet activation, the coagulation cascade is also triggered, involving both the
intrinsic (contact activation) and extrinsic (TF) pathways, which partially overlap [41].

The initiator of the extrinsic coagulation pathway is TF, which is expressed by endothelial cells at the
site of vascular injury [41]. The complex formed between activated factor VII (FVIIa) and TF (FVIIa-TF) is
responsible for activation of FX, which is converted to FXa in the presence of Ca®* [42]. Synergies between
FVa and FXa activate prothrombin, which is converted to thrombin [32,42].

The intrinsic coagulation pathway is initiated by factor XII (FXII), a zymogenic serine protease [43].
FXII becomes activated (FXIIa) upon contact with negatively charged surfaces such as polyphosphate
(poly-P), which is released by activated platelets [44]. FXII can also interact with exposed endothelial
collagen, though this typically occurs only upon rupture of an atherosclerotic plaque [41]. Activation of
FXII is further enhanced by a synergistic mechanism involving prekallikrein and high-molecular-weight
kininogen (HMWK) [33]. FXIIa subsequently catalyzes the conversion of factor XI (FXI) to FXIa. FXIa,
with calcium ions (Ca?*) and activated factor VIII (FVIIIa), promotes the activation of factor IX (FIX to
FIXa) [43]. FVIIIais synthesized primarily in the liver and endothelial cells, circulates in plasma bound to von
Willebrand factor (vWEF), and becomes active following vascular injury [33]. Upon endothelial disruption,
the FVIII-vWF complex dissociates, allowing FVIIIa to participate in the intrinsic tenase complex with FIXa,
ultimately leading to activation of factor X (FX) to FXa [33].
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At this stage, the intrinsic and extrinsic coagulation pathways converge, as the FIX-FVIIIa complex
from the intrinsic pathway cooperates with the TF-FVIIa complex from the extrinsic pathway to activate
factor X (FX) to FXa [33,41]. FXa, in conjunction with activated factor V (FVa), calcium ions (Ca*"),
and negatively charged phospholipid surfaces, forms the prothrombinase complex, which catalyzes the
conversion of prothrombin to thrombin [33]. Thrombin plays a central role in the coagulation cascade by
converting fibrinogen into fibrin [33]. Simultaneously, thrombin exerts positive feedback on the cascade by
activating FV, FVIII, and FXI [33]. All mechanisms for arterial thrombosis are summarized in Table 1 and
described with details subsequently.

3.3 Direct Mechanisms
3.31TF

TF is a 47 kDa transmembrane glycoprotein that plays a central role in initiating the extrinsic coagula-
tion pathway and contributes significantly to the pathogenesis of CAT [2,17]. Under physiological conditions,
TF is expressed by subendothelial cells and becomes active following vascular injury or inflammatory stimuli.
Upon activation, TF binds to circulating FVII, converting it to its active form (FVIIa), which in turn activates
FX, ultimately leading to thrombin generation and fibrin clot formation [19].

In cancer, TF is often overexpressed on the surface of tumor cells, and it is also released in association
with microparticles (MPs) derived from tumor (TMPs) or host cells [2,16]. These TF-bearing MPs dissem-
inate procoagulant activity systemically, increasing the risk of venous thromboembolism. The severity of
thrombosis is correlated with the level of TF expression and may range from asymptomatic events to clinically
significant and even life-threatening thromboembolic complications [19].

While TF is a well-established mediator of hemostasis and arterial thrombosis under normal and
inflammatory conditions, its role in CA-ATE remains unclear. Although some evidence suggests a potential
involvement, there are currently no definitive mechanisms linking TF expression directly to the development
of arterial thrombotic events in cancer patients [2]. This uncertainty may partly reflect fundamental
differences between venous and arterial thrombosis, as arterial thrombus formation is primarily platelet-
driven and occurs under high shear stress conditions, where the contribution of TF-dependent fibrin
generation may be secondary [45,46]. In addition, most available evidence linking TF to CAT originates
from venous thromboembolism studies or experimental models, whereas direct clinical data supporting a
causal role of TF in CA-ATE remain limited [4].

Table 1: Overview of molecular mechanisms implicated in arterial thrombosis in cancer patients.

Molecular/Cellular Key Clinical

) L. References

Pathway Components/Mechanisms Association/Impact

Activation by high shear

Platel ion,

stress via ADP contributes to the
Platelets (P2Y1/P2Y12), Thrombin metastatic process, and [27,29,31-36]

4/ 5a7,01=0
(PAR-I/PAR-4), enhanceps arteri’al / )
Thromboxane A2,

GPIIb-IIIa & GPVI thrombosis

(Continued)
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Table 1 (continued)

Molecular/Cellular Key Clinical
. L. References
Pathway Components/Mechanisms Association/Impact
I d Risk of
Tumor Cell-Induced  Direct contact or secretion thrgrjlizss?s inl\sfar(i)ous
Platelet Aggregation of ADP, TXA2, Thrombin by . [34-36]
cancers (e.g., pancreatic,
(TCIPA) cancer cells
renal, colorectal)
Tissue Factor (TF) and Increased risk of
Platelet Microparticles phospholipid carriers, thrombosis, involvement (4,38-40]
(PMPs) involvement in angiogenesis  in cancer types such as -
and metastatic process breast and colorectal
Potential tribution t
Coagulation TF + FVIla - FX — FX — Otfl‘;olri bC:S?SrV‘villhfli ©
Cascade—Extrinsic FXa — Prothrombin — necessarily rupturin [2,19,32,41,42]
Pathway Thrombin yrup §
plaques
Coaculation FXII — FXIla — FXI — FXIa Contribution to
& . — FIX — FIXa — Tenase thrombin, cooperation o
Cascade—Intrinsic . . [33,41,43,44]
Pathwa complex (with FVIIIa &  with exogenous pathways
Y vWF) - FX — FXa for thrombosis
Enhancement of platelet
YWE & FVIII FVIII transPort,. endothelial adhesi.on and . (213133 47]
activation accumulation by high
shear stress
Prothrombotic
Th in, VEGE TE, Poly-P i , enhanci
Tumor-derived factors rombin V G o env1ronme.nt enancing [21,29,35]
from activated platelets platelet activation-driven
ATE

Note: Abb.: Thromboxane A2 (TXA2), Activated Factor VIII (FVIIIa), Factor X (FX), von Willebrand Factor (vWEF),
Vascular Endothelial Growth Factor (VEGF), Arterial thromboembolism (ATE).

3.3.2 von Willebrand Factor

von Willebrand factor (vWF) is a multimeric glycoprotein composed of repeating structural domains,
each of which serves a specific functional role [31,33]. These domains act as binding sites for platelet
receptors and subendothelial components, including GPVI and collagen [31,33]. vWE in its inactive form—
typically under low shear stress—adopts a compact, globular conformation and primarily functions to
protect factor VIII (FVIII) from proteolytic degradation [33]. Upon exposure to high shear rates, vVWF
undergoes conformational changes that activate its adhesive functions. Notably, the higher the multimer size,
the more potent its role in platelet adhesion and aggregation [33].

VWE is synthesized primarily by endothelial cells and megakaryocytes. While megakaryocyte-derived
vWF is incorporated into platelets, only endothelial-derived vVWF contributes to platelet adhesion under
physiological flow conditions [33]. In cancer patients, plasma levels of vVWF are often elevated. This is partly
attributed to direct production by tumor cells, which may aberrantly express and secrete vVWF [47].
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Moreover, elevated vWF levels not only reflect endothelial dysfunction or damage but also actively
contribute to thrombogenesis by enhancing platelet-subendothelial matrix interactions [21]. Inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-a) and interleukin-1 (IL-1), which are frequently elevated
in malignancy, further upregulate vVWF synthesis and secretion. As a result, cancer patients are predisposed
to arterial thrombotic events due to both elevated vVWF concentrations and enhanced functional activity [21].

The activation of factor Xa and thrombin can be directly inhibited by oral anticoagulants (DOAC:),
reducing fibrin formation and thrombus development in VTE [48]. This direct action provides a predictable
and rapid anticoagulant effect, which is associated with lower rates of recurrence and minor bleeding
events [49]. In contrast, low-molecular-weight heparins (LMWH) act indirectly through antithrombin,
which inhibits factor Xa [50]. Due to variability of renal clearance, LMWH dosing is less predictable [51].
Clinical studies have shown that both drug classes have comparable rates of recurrence and major bleeding,
while the more consistent action of DOACs may explain the reduced incidence of minor bleeding [52,53].
Arterial thrombosis (ATE) is primarily mediated by platelets, supporting the use of antiplatelet agents such
as aspirin appropriate [46,54]. Aspirin exerts its effect by irreversibly inhibiting platelet function through
acetylation of COX-1, thereby blocking the synthesis of thromboxane A2, a molecule that promotes platelet
aggregation [55]. However, the risk of bleeding must also be considered, which is elevated in cancer patients
due to bone marrow dysfunction or chemotherapy [54,55]. While insights from VTE demonstrate the
effectiveness of targeting coagulation pathways, the lack of robust clinical data on ATE in cancer patients
highlights the need for further studies to clarify optimal preventive and therapeutic strategies [54].

3.4 Indirect Mechanisms
3.4.1 NETs

Neutrophil extracellular traps (NETs) are web-like structures composed of decondensed chromatin
DNA, neutrophil granule proteins, and histones, released by activated neutrophils in a process known as
NETosis [4,56]. Initially described in 2004, NETs were identified as antimicrobial structures involved in
innate immunity and host defense [47,56]. Over the past two decades, however, accumulating evidence has
demonstrated a critical role for NETs in the pathophysiology of CAT [4,47].

NET formation can be triggered by interactions with activated platelets via P-selectin, or by inflamma-
tory cytokines such as TNF-a, IL-8, and G-CSF [4,47]. Once released, NETs serve as procoagulant scaffolds
by trapping platelets and coagulation factors, and by promoting TF expression and thrombin generation,
thereby contributing to a hypercoagulable state [27,57]. Current knowledge of the interaction between
platelets and neutrophils and their role in arterial thrombosis has emerged only recently [58]. NET-derived
histones can directly activate endothelial cells and increase the expression of vWE which further enhances

platelet adhesion and coagulation [17,27].

While the contribution of NETs to venous thrombosis in cancer patients is studied, their exact
role in arterial thrombosis remains less clearly defined [59]. Nonetheless, several studies have reported
elevated levels of NET biomarkers—including citrullinated histone H3 (H3Cit), myeloperoxidase (MPO),
and G-CSF—in patients with cancer-associated ischemic stroke, suggesting a shared prothrombotic mech-
anism [59]. These findings underscore the importance of further elucidating NET-driven pathways in
arterial thrombosis, especially given the frequent underdiagnosis of cancer in patients with stroke and the
implications for treatment strategies.
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3.4.2 MPNs

Myeloproliferative neoplasms (MPNs) are a group of clonal hematopoietic stem cell malignancies
characterized by the overproduction of one or more myeloid lineages, including erythrocytes, leukocytes,
and platelets [60]. MPNs are broadly categorized into BCR-ABL-positive and BCR-ABL-negative neoplasms.
BCR-ABL-negative MPNs—including polycythemia vera (PV), essential thrombocythemia (ET), and pri-
mary myelofibrosis (PMF)—are more commonly associated with thrombotic complications, which are the
leading cause of morbidity and mortality in these patients [60].

A key driver mutation in BCR-ABL-negative MPNs is the JAK2V617F gain-of-function mutation, which
leads to constitutive activation of the JAK-STAT signaling pathway and clonal proliferation of myeloid
cells [59]. Notably, JAK2 is expressed not only in hematopoietic cells but also in endothelial cells, suggesting
the involvement of a common progenitor and underscoring the complex interplay between the vascular and
hematopoietic systems in MPN-associated thrombosis [60].

The prothrombotic phenotype in JAK2-mutated MPNs is multifactorial. Firstly, the hyperviscosity
caused by erythrocytosis in polycythemia vera contributes to reduced blood flow and increased thrombotic
risk [60]. Secondly, JAK2 activation enhances platelet-endothelial interactions by upregulating P-selectin,
which promotes platelet adhesion and leukocyte recruitment to the endothelium. Additionally, JAK2 signal-
ing promotes thrombin generation. This, in turn, increases phosphatidylserine (PS) exposure, providing a
procoagulant surface that amplifies thrombin production and clot formation [60].

4 Risk Factors

Thrombosis in cancer patients is the result of complex interactions between the characteristics of the
individual patient, the malignancy itself and the anticancer therapy [61].

4.1 Patient Characteristics

Age is one of the most important predictors of arterial and venous thrombotic events, as it is associated
with prolonged immobility and enhanced coagulation activation [29]. Specifically, arteries become stiffer
and less elastic, with increased collagen and calcium deposition, and endothelial function decreases, leading
to reduced production of protective molecules such as prostacyclin and nitric oxide [62]. In the blood
there is an increase in coagulation factors (V, VII, VIII, IX, fibrinogen) and von Willebrand factor, together
with a decrease in fibrinolytic activity due to high levels of PAI-1 [63-65]. Platelets become more sensitive
and easier to activate, enhancing thrombin production [66]. Reduced mobility and lack of regular exercise
led to venous stasis, further increasing the risk of thrombosis [66,67]. In Denmark, a cohort study was
conducted in 2021 where patients diagnosed at age 65-75 years had a 1.5-fold increased risk of developing
acute thrombocytopenia, which increased to 1.9 when the patient was diagnosed at age 75 years or older [68].
These analyses also took into account the competing risk of death from other causes [68]. Similarly, a
study has shown that being 65 years of age or older is an equally important risk factor for thromboembolic
events [69] (Fig. 1).

In 2006 a study by Chew et al., gender was not found to be predictive of thrombotic events in any cancer
type [70]. In other studies, although women appeared to have a higher rate of VTE, this did not appear
to be of major consequence [29]. However, in the aforementioned Danish study [68], a 15% increased risk
of arterial thrombosis was observed in men (HR [hazard ratio] 1.15, 95-CI 1.08-1.22). In addition, in the
same study [68], major risk factors included hypertension (HR 1.29, 95-CI 1.37) and diabetes (HR 1.20, 95-Ci
2.77-3.17). This is also confirmed by a recent study by Madauto and colleagues [71] in which female patients
with CML treated with tyrosine kinase inhibitors (TKIs) had a higher rate of venous thromboembolic
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events than male patients (6.0% vs. 0.0% p = 0.02). Conversely, men with these characteristics are more
likely to develop arterial thrombosis than women (23% vs. 9%, p = 0.02) [71]. However, there was no
significant difference in the incidence of thromboembolic events between men and women (35% male, 32%
female p = 0.02) [71]. Moreover, arterial hypertension and diabetes were particularly important predictors,
particularly in females [71] (Fig. 1).

4.2 Cancer-Related Factors

As regards risk factors associated with malignancy itself, the stage of cancer at the time of diagnosis
is also of major importance [29]. Two large population-based studies conducted in the United States and
Denmark reported HRs of 3.6 and 1.2, respectively, for ATEs associated with metastatic disease [20,68]
(Fig. 1).

Furthermore, certain cancer types are more strongly associated with thrombotic complications [20,68].
Pancreatic cancer represents one of the strongest predictors of ATE, with a 4.8-fold increase reported in a
Danish study [68] and a 2.5-fold increase in a US cohort [20]. Similarly, lung cancer is associated with a
significantly increased risk of ATE, with a 3.8-fold increase reported in Denmark [68] and a 3.5-fold increase
in the US [20]. These findings were further supported by the study of Morath et al. [72], which reported an
ATE incidence of 5.8% among patients with advanced lung cancer.

CANCER ASSOCIATED THROMBOSIS (CAT
Patient-related Factors Ris k Fa CtO rs

v Age v' Conventional Chemotherapy

' Gender l\ /l v' Hormonal Chemotherapy
v' Hypertension
vP Cancer-related Factors v’ Targeted Therapy

v Diabetes v Immunotherapy

v’ Cancer type
v Smoking vp

v’ Cancer stage
v’ High pressure

v’ Metastasis

Figure1: Risk factors for cancer-associated arterial thromboembolism (CA-ATE). CAT-ATE development is influenced
by complex interactions between patient factors (e.g., age, gender, hypertension, diabetes, smoking), tumor-related
factors (type of tumor, stage of tumor) and anticancer therapy (inhibitors of VEGFR, e.g., cisplatin, tamoxifen,
bevacizumab, and BCR-ABL). VEGFR: Vascular endothelial growth factor receptor.

Importantly, the association between cancer and thrombosis appears to differ between arterial and
venous thrombotic events [20,68]. For instance, although colorectal cancer is not considered a major risk
factor for VTE, it has been associated with hematological abnormalities, including platelet alterations, which
may contribute to arterial thrombotic risk [20,68]. Although not fully elucidated, these differences are likely
attributable to variations in tumor biology as well as to differences in therapeutic approaches across cancer
types [20,68].

In addition, patients with lung and gastrointestinal cancers frequently present with cardiovascular
comorbidities, such as atrial fibrillation (AF) [29], which may partially explain the increased incidence of
arterial thrombotic events observed in these populations; however, further clarification is required [29].
A meta-analysis by Deng et al. confirmed that the incidence of arterial and venous thrombosis is directly
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associated with tumor location [22]. Specifically, a higher incidence of ATE was observed in patients
with lung cancer, gastrointestinal stromal tumors, brain cancer, and bladder cancer, whereas patients with
pancreatic, ovarian cancer, and lymphoma exhibited a higher incidence of venous thrombosis [22].

More recent data from the study by Mitrovic et al. [73] highlighted a strong association between ATE
and acute myeloid leukemia (AML). The overall incidence of arterial thrombotic events within the first six
months following diagnosis was 2.9%, with most events occurring during the first month, particularly in
patients with active disease [73]. Mortality in this population was notably high, with approximately one in
two patients affected by these events dying [73].

Additional risk factors include traditional cardiovascular conditions such as hypertension, diabetes
mellitus, and dyslipidemia [73]. Patients presenting with multiple cardiovascular risk factors exhibited a
cumulative ATE incidence of 5.6%-12.5% within two years following cancer diagnosis [73]. Smoking also
represents a significant contributor to thrombotic risk, as it is associated with endothelial dysfunction and
increased platelet counts [72]. Importantly, smoking cessation has been shown to confer particular benefit
in women with lung cancer [72] (Fig. 1).

4.3 Treatment-Related Factors

In addition to tumor site and stage, other important risk factors include therapeutic interventions
that significantly increase the risk of thrombosis [60]. Chemotherapy is the primary treatment for several
malignancies, and chemotherapeutic agents have anti-neoplastic effects by both cytotoxicity and inhibition
of cellular processes that are required for the proliferation of malignant cells [74]. However, in addition
to targeting malignant cells, cytotoxicity is induced in non-malignant cells, which may contribute to the
development of undesirable cardiovascular disorders [74]. The pathogenic mechanisms of anti-cancer agents
and their toxic effects on the cardiovascular system have been previously described [75].

4.3.1 Conventional Chemotherapy

Platinum-based chemotherapy is a key treatment option for various cancers, such as ovarian, bladder,
cervical, and testicular carcinoma [76]. Cisplatin is the first-generation platinum-based medicine, while
newer analogues have been developed [77]. They are widely used in first-line and adjuvant therapy regimens
after radiotherapy or surgery [78]. Their anti-cancer activity relies on their ability to form complexes with
DNA, impairing replication, and transcription, thereby causing cell death [76]. However, treatment with
platinoids is associated with an increased risk of thrombotic complications. Cisplatin, as a first-generation
therapy, is associated with an increased risk of venous thromboembolism. Although less toxic in terms of
other adverse reactions, carboplatin offers no clear benefit in thrombogenesis compared to cisplatin [79,80].
Oxaliplatin, on the other hand, is associated with a lower incidence of thrombotic complications, suggesting
that it may be different from other platinum-based therapies [81,82]. The exact mechanisms by which
platinum-based compounds contribute to the prothrombotic environment are not fully understood. Studies
have shown that cisplatin-induced cell exposure increases the activity of TE, particularly in immune cells,
and induces apoptosis in endothelial cells, releasing extracellular vesicles [82,33]. Cancer cells also produce
increased vesicles when exposed to platinum-based compounds, but these have no discernible effect on
forming a prothrombotic environment [84]. Clinical data indicate that these cytotoxic therapies induce vWE,
platelet activation, and general coagulation system activation [85].

Other clinical factors associated with these therapeutic approaches, such as dehydration and electrolyte
disturbances (hypomagnesaemia), can increase thrombogenesis [86]. Although most studies provide clear
evidence of venous thrombosis, arterioles are less well studied, and evidence is mainly provided by case
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reports and some retrospective studies. With limited data on arterial thrombosis, retrospective studies and
case reports are crucial to highlight the rarity and severity of arterial thrombosis events. In one retrospective
study involving 932 patients with various types of cancer who were treated with cisplatin, the incidence
of thromboembolic events was particularly high, at 18.1%, up to 4 weeks after treatment [87]. In previous
studies, the incidences of cerebrovascular accident and MI were not considered thromboembolic events
but cardiovascular events, and they were limited to 8.4%-12.9% [87]. Similarly, Weijl et al. investigated
179 patients with genital cancer which showed that of the total thrombotic events, 8.4% were arterial events,
including thrombosis of the brain and the lower limbs [88]. Numico and colleagues studied 10 patients with
non-small cell lung cancer stage III-IV, where venous thrombosis was observed in 17.6% of all 10 events
involving arterial events (MI, cerebral ischemic, and arterial thrombosis of the lower limbs) [89] (Fig. 2).

Gemcitabine is a synthetic, pyrimidine-related antimetabolite with broad use in the treatment of solid
tumors such as pancreatic, non-small cell lung, bladder, breast, and ovarian carcinoma [90]. It belongs to a
wider class of chemotherapeutic substances that act as purine and pyrimidine analogues by interfering with
the synthesis of DNA and the division of cells, predominantly in the S phase [91].

Cancer-Associated Arterial Thrombosis

Platinum-based
ch h

PY

Platelet Activation Endothelial Injury

Tamoxifen
(TAM)

Immunotherapy
(IcPls)

Inhibitors (Als) Anticoagulant

Mechanisms

I Procoagulant
Factors

Bevacizumab
(mAbs)

VEGF/VEGFR
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Figure 2: Treatment-related factors for cancer-associated arterial thrombosis (CA-ATE). Platinum-based therapy,
gemcitabine, tamoxifen (TAM), aromatase inhibitors (Als), bevacizumab, VEGF/VEGFR (Vascular Endothelial
Growth Factor/(Vascular Endothelial Growth Factor Receptor) pathway inhibitors, TKIs (tyrosine kinase inhibitors),
Immunotherapy (ICPIs). All these factors can cause platelet activation, increase procoagulant factors, induce endothe-
lial injury and decrease anticoagulants mechanisms.

Clinical data indicate that gemcitabine has an effect on hemostatic balance, although the mechanism is
not fully understood. Altered platelet function and number due to gemcitabine can induce thrombocytope-
nia and thrombocytosis, which interfere with normal coagulation pathways and promote a prothrombotic
environment [92]. Furthermore, it is likely to cause damage to endothelium, and the immune complexes
formed during treatment exacerbate this damage [93,94]. Meta-analyses of randomized studies suggest
a trend of 2.1- to 2.2-fold increased risk of thromboembolic events in patients treated with gemcitabine
compared with other therapeutic options [95]. However, it should be noted that the total incidence is
underestimated since many cases are asymptomatic [95]. Gemcitabine has been associated with thrombotic
microangiopathy, a severe complication with high mortality, although it is rare (0.1%-0.3%) [93]. In addition,
acute coronary syndrome has been reported, which highlights the potential for serious arterial events [91]
(Fig. 2).
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4.3.2 Hormonal Chemotherapy

Tamoxifen is a selective estrogen receptor modulator (SERM) used as a chemotherapy agent in patients
with estrogen receptor-positive breast cancer [96]. It appears to increase susceptibility to thrombotic events
through complex mechanisms which are not fully understood. The effect on platelets appears to be the
most important mechanism [96]. In particular, tamoxifen (TAM) has been shown to increase the influx of
calcium into platelets, a process that is necessary for their activation, and to increase the aggregation and
multiplication of microparticles that are dependent on TF [96]. However, the overall effect on platelets is
questionable, as various studies have shown inhibition of thrombin and collagen adhesion and aggregation,
leading to reduced arterial clot formation in experimental models [97]. Although the available data are
contradictory, several studies have shown reductions in the levels of antithrombin and proteins C and S and
have shown resistance to activated protein C [98-100]. In addition, it is associated with increased levels of
coagulation factors such as FVII, FXI, and von Willebrand factor, which contribute to thrombogenesis [99]
(Fig. 2).

Administration of this cancer drug appears to be associated with an increased incidence of ATE
compared with control treatment and other treatments. In particular, there was a significant increase in breast
cancer incidence in premenopausal women, 1.6% in comparison with the control group [101].

In a recent meta-analysis [102], 4465 adverse events were reported, including 385 thromboembolic
events associated with tamoxifen (TAM). Several important findings were highlighted: an increased throm-
boembolic risk was observed in men over 85 years old, with an 11.92-fold higher risk compared to men
under 45 years old, and in patients weighing more than 80 kg, who had a 2.71-fold higher risk [102]. New
thromboembolic signals were also identified, such as monoplegia (ROR [Reporting Odds Ratio] = 7.94),
retinal artery occlusion (ROR =10.80), and atrial thrombosis (ROR = 6.12) [100]. Although women accounted
for 78.7% of the cases, the adjusted risk was 2.97 times higher in men, particularly for arterial events such as
coronary artery occlusion (ROR in males = 851.62) [102].

Aromatase inhibitors (AIs) such as letrozole, anastrozole, and exemestane are a class of medicines that
target the production of estrogens, thereby reducing estrogen levels in postmenopausal women [103,104].
They act by inhibiting aromatase, an enzyme that converts androgens into estrogens in peripheral tissues such
as the skin, breast tissue, and bone [103]. Inhibition of aromatase results in significant reductions in estradiol
and estrone, thereby reducing the stimulation of estrogenic tumors expressing estrogens [103]. Compared
to SERMs such as tamoxifen, aromatase inhibitors offer a more targeted effect with fewer adverse effects on
other tissues such as the womb and have been shown in experimental and clinical models to reduce breast
tumor growth and progression [103]. Use of aromatase inhibitors in breast cancer patients has been associated
with an increased risk of cardiovascular events, especially thrombotic events related to the arteries, such as
MI and ischemic stroke [105] (Fig. 2).

The first key mechanism involves the loss of endothelial protection by estrogens, resulting in endothelial
dysfunction, impaired lipid metabolism, and enhanced inflammatory response, all of which promote
atherosclerosis and arterial thrombosis [103,105]. The second mechanism is related to prothrombotic
alterations in the coagulation system, including increased platelet activation and enhanced clotting activity,
which, in combination with endothelial dysfunction and systemic inflammation, amplifies the risk of arterial
thrombosis [104,105].

In a study of breast cancer patients by Khosrow-Khavar et al. (2020), initiation of aromatase inhibitors
(AIs) therapy was associated with an approximately 86% increased risk of heart failure and a 50% increased
risk of cardiovascular mortality [104]. In addition, Als have been linked to a higher incidence of dysrhyth-
mias, valvular dysfunction, and pericarditis compared with tamoxifen, which may confer cardiovascular
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benefits through improvement of lipid profiles [105,106]. The incidence of cardiovascular events in Als-
treated patients ranges from 1.1% to 60.6%, with an overall incidence of approximately 13%, and high-grade
events occurring almost exclusively in Als users [105].

4.3.3 Targeted Therapy

Bevacizumab is a monoclonal antibody (mAb) that reduces the expression of VEGF, thereby inhibiting
angiogenesis [74]. This had been approved in various advanced cancer types, such as non-small cell lung
cancer (NSCLC), colorectal, ovarian, kidney and cervical cancer [74]. A large meta-analysis showed an
association between bevacizumab and an increased risk of thromboembolic events in the arteries [107].
The severity of these events is dose-dependent and refers to hypertension, cardiovascular events, and
ischemic brain injury [107]. Moreover, the type of episodes differs according to the type of tumor [107]. In
particular, renal cell carcinoma is associated with increased arterial events, prostate cancer with increased
cardiovascular events and breast cancer with increased blood pressure [107]. The mechanisms for these events
are not yet clear and appear to be rather complex [107]. In particular, VEGF inhibition causes endothelial
cells to reduce NO production. This results in an increased accumulation of platelets, which predisposes
to arterial thrombosis [107]. Inhibition of VEGF also promotes proinflammatory gene expression, which
contributes to thrombogenesis [107] (Fig. 1).

Vascular endothelial growth factor inhibitors are a family of receptors (VEGFR) containing
immunoglobulin-like domains that play a crucial role in endothelial cell migration, survival, and function,
and are also critical for the angiogenic response in different types of tumors [108]. TKIs that target
these receptors are widely used to treat solid tumors such as NSCLC and metastatic colorectal cancer
(mCRC) [109]. In metastatic Renal Cell Carcinoma (mRCC), the survival rate was increased by these
inhibitors [109]. Usually, these drugs are not used as a first-line therapy; instead, they are used in later stages
and often require long treatment durations [109]. They are therefore associated with an increased risk of
vascular toxicity and cardiovascular events such as hypertension, ATE, MI and stroke, which account for
25% to 66% of the fatal events [109]. In particular, inhibitors such as sunitinib and sorafenib may affect
coagulation activation, thereby increasing the risk of thromboembolic events and more particular ATE [110].
The incidence of ATE was 1.4%, without being significantly affected by different types of cancer [110].
The mechanism of these events is unknown, but it has been hypothesized that it is related to endothelial
dysfunction [74]. At the same time, this effect on endothelial cells increases the risk of hemorrhage [110].

TKIs targeting the BCR-ABL oncogenes are one of the most important agents for the treatment of
acute Philadelphia chromosome positive acute lymphoblastic leukemia (Ph+ ALL) and chronic myelogenous
leukemia (CML) [74]. We recently demonstrated that molecules analogous to imatinib and nilotinib possess
antiplatelet activity [110-112]. Despite their remarkable anti-tumor activity, these inhibitors may induce arte-
rial events, which are likely related to kinase inhibition of endothelial function and activation of the plasma
clotting factor [74]. The most frequently observed events are coronary events such as MI and stroke, as well
as peripheral vascular events [108]. Imatinib is a first-generation inhibitor and although associated with a low
incidence of cardiovascular and arterial thrombotic events, resistance to the therapy is due to ABL-genetic
mutations [108]. Therefore, more potent second and third generation inhibitors such as ponatinib, which
has the widest spectrum of inhibition of tyrosine kinases, have been developed [74]. Ponatinib is a specific
inhibitor that targets the T315I gatekeeper mutation [108]. Although it has shown remarkable anti-cancer
activity, it is associated with a very high incidence of acute arterial thrombotic events [108]. Platelet activation
appears to be the major ponatinib-associated mechanism of arterial thrombosis [113]. It has been shown that
ponatinib causes excessive platelet activation when exposed to a glycoprotein VI agonist [113]. In addition,
it increases platelet adhesion by stimulating this mechanism [85]. The use of ibrutinib is strongly associated
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with an increased risk of arterial fibrillation, with studies showing a 3-4-fold increased risk [114]. (Fig. 1)
According to the EPIC study [115], 7.1% of ponatinib-treated patients experienced severe arterial events
resulting in treatment discontinuation after just 5.1 months.

In addition, in a phase II study in patients with CML, vascular outcomes were 8.9% at 11 months
and 55.9% at 60 months [116]. In the PACE study, the dose-dependent nature of adverse events was
highlighted and even when the dose was reduced, the incidence of arterial thrombosis was 20% over five
years [116]. Data from the VigiBase pharmacovigilance database also indicates a significantly higher reporting
of supraventricular arrhythmias, which in turn translates into an increased risk of stroke [114] (Fig. 2).

4.3.4 Immunotherapy

In recent years, immunotherapy has emerged as a new approach to treat a number of cancers, including
non-small cell lung cancer, Hodgkin’s lymphoma, renal cell carcinoma, melanoma, and cervical cancer [117].
By using humanized monoclonal antibodies, this strategy restores the ability of T-cells to recognize and kill
tumor cells by blocking important immunosuppressive pathways (e.g., PD-1, PD-L1, and CTLA-4) [117]. In
addition, immunotherapy includes other techniques that modify or strengthen the immune system, such
as cytokines, radio-labelled antibodies, immunotoxins, and cellular therapies. These treatments are used
for various solid and hematological tumors, such as breast, lung, colorectal, prostate, and melanoma [118].
By blocking the typical inhibitory pathways of the immune system, immune checkpoint inhibitors (ICls)
stimulate T-cell activation and restore the anti-cancer response [119]. Through endothelial damage and
activation of coagulation factors, this activation may also cause inflammatory responses in healthy tissues
such as the vascular endothelium, leading to vasculitis, which is a known risk factor for thrombosis [119].
In addition, T-cell stimulation induces activation of monocytes, increasing the expression of TF, which
stimulates the extrinsic thrombogenesis pathway and causes the hypercoagulation observed in some patients
with tumors [119].

ICIs can also increase the risk of arterial thrombotic events and promote atherogenesis [120]. When the
PD-1and PD-LI pathway is blocked, pro-inflammatory cells proliferate in atherosclerotic plaque, promoting
inflammation, activation of platelets, and endothelial cells, and ultimately thrombosis [117]. Recent clinical
and trial-derived data have provided quantitative estimates of CA-ATE in patients treated with immune
checkpoint inhibitors. The reported incidence of arterial thrombotic events ranges from approximately
1%-6%, with cumulative rates of approximately 0.6% at 3 months, 1%-2% at 6 months, and up to 5% at
12 months following IClIs initiation [121]. Although data remain limited, emerging clinical trial-derived and
large real-world studies consistently indicate a higher incidence of arterial thrombotic events in ICIs-treated
patients compared with non-ICIs-treated cancer populations [122]. Cardiovascular events representing the
clinical manifestation of CA-ATE, including MI, ischemic stroke, and coronary revascularization, occurred
at rates of 6.55 and 1.37 per 100,000 person-years in ICIs-treated and non-ICls-treated patients, respectively.
6.55 and 1.37 per 100,000 person-years in the 842 ICPI-treated patients and in the non-ICIs-treated
patients, respectively [122]. This suggests a three-fold increased risk of atherosclerotic events [122]. In a
large propensity score—-adjusted cohort including 2877 ICI-treated patients, exposure to immune checkpoint
blockade was associated with a significantly higher risk of arterial thrombotic events compared with non-ICI-
treated cancer patients, corresponding to a relative risk of 2.01 (95% CI 1.61-2.51; p < 0.001) [120]. Importantly,
the excess arterial risk demonstrated a clear time-dependent pattern. No statistically significant increase in
ATEs was observed during the first year of therapy when follow-up was restricted to a maximum of nine
months (p = 0.075) [123]. In contrast, the risk increased by approximately 41% after one year of ICI exposure
(p = 0.010) and by nearly 97% after four years of follow-up (p < 0.001) [123]. In another cohort study of
672 patients with different types of cancer, the cumulative incidence of arterial thrombosis ranged from 1%
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to 4% to 2% to 5% depending on the type of ICIs and the type of cancer. Patients treated with nivolumab
and pembrolizumab had a higher incidence [122]. The cumulative risk of venous thromboembolism of up to
24% in some cases is supported by clinical trial group data, which also suggest a similar risk of arterial and
venous thrombosis when ICIs are used [122] (Fig. 2).

We have included a summary table (Table 2) comparing the incidence of arterial thrombotic events
across different cancer types and treatment regimens. This table provides a more comprehensive and visually
intuitive overview of the available data, enhancing clarity and ease of interpretation for the reader.

Table 2: Reported incidence and clinical characteristics of cancer-associated arterial thromboembolic events (ATEs)
across tumor types and anticancer therapies.

Cancer

Reported ATE Incidence/Risk Clinical Correlation/Notes References
Type/Therapy

Higher ATE risk; advanced
Lung cancer 8.3% within 6 months stages increase risk; associated ~ [21,29,68,121]
with comorbidities like AF

Higher ATE risk; decreased

Stomach cancer 6.5% [21]

after 1 year
Pancreatic 5.9%; 4.8-fold increase (Danish ~ Strong predictor of ATE; higher 20,68]
cancer study) recurrence; mortality risk v
MI more frequent than stroke
(3% vs. 2%); advanced stage
Breast cancer 4.7% overall (vs 2.2% controls) increases risk; hormonal [20,21,63-73]
therapy (TAM, Als) modifies
risk
I ATE risk with
Prostate cancer Not specified nereased . riswit [20,72,105]
bevacizumab
Higher ATE with VEGF
Bladder cancer Not specified igher ALE Wl G [21,22,105]
inhibition
Predominantly venous
Non-Hodgki
on-Hodgkin Not specified thrombosis; limited but [21,22]
lymphoma .
reported arterial events
AML (Acute

Myeloid 2.9% overall within 6 months Most eve.nts 1r.1 first month; [122]
. mortality high (~50%)
Leukemia)

Induces endothelial activation,

Cisplatin-based
ispratin-base Up to 18.1% within 4 weeks platelet activation, TF release; [84]

h th
chemotherapy arterial events included
Alter platelet function,
dothelial d ;
Gemcitabine 2.1-2.2-fold increased risk endothielial damage; may cause [68-73]

thrombotic microangiopathy
(0.1-0.3%)

(Continued)
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Table 2 (continued)

C
ancer Reported ATE Incidence/Risk Clinical Correlation/Notes References
Type/Therapy
. . Platelet activation; reduced
. 1.6% increase in premenopausal . . .
Tamoxifen women: various RORS for antithrombin/C/S; increases [94]
(TAM) > FVII, FXI, vWF; risk higher in
arterial events _ ;
older and heavier patients
E helial dysfunction;
Reported incidents range widely . ndothelia .dys un.ct10n
Aromatase increased M1, ischemic stroke, ,
1 (1.1-60.6% overall; ~13% . [101-104]
inhibitors (Als) dysrhythmia, valvular
average) .
dysfunction
Increased arterial
thromboembolic events;
Bevacizumab Not specified dose-dependent; hypertension, [72,105]
ischemic brain injury; tumor
type-specific
VEGFR-TKIs Vascular toxicity; hypertension;
(sunitinib, 1.4% MI, stroke; endothelial [106-108]
sorafenib) dysfunction
BCR-ABL TKIs Arterial thrombosis (MI, stroke,
(imatinib, Low (imatinib); very high peripheral); platelet activation [72,106,111-
nilotinib, (ponatinib) major mechanism; 113,123]
ponatinib) dose-dependent
ICPIs S :
. 1-5% cumulative incidence; Induce endothelial damage, -
(nivolumab, . . . L. [115-
. 3-fold increased risk vs. coagulation activation, R
pembrolizumab, . 117,119,123]
non-ICPI atherogenesis
others)

Note: Abb.: Myocardial Infraction (MI), Tissue factor (TF), ROR (Reporting Odds Ratio), BCR-ABL (Breakpoint
cluster region-Abelson).

5 Conclusions

Cancer-associated arterial thromboembolism (CA-ATE) represents an increasing clinical challenge and
a leading cause of cancer-related morbidity and mortality. Although VTE has been extensively studied,
there remain significant gaps in the understanding of ATE, despite its often abrupt and severe onset. The
pathogenesis of arterial thrombosis can be conceptualized through Virchow’s triad, with mechanisms such
as platelet hyperactivity, TF overexpression, elevated vWE, and NETs overproduction contributing to a
prothrombotic environment.

Risk factors involve patient characteristics, cancer type and stage, as well as anti-cancer therapies. Age,
comorbidities such as hypertension and diabetes, and lifestyle factors (e.g., smoking, obesity) increased risk.
Certain malignancies, including pancreatic, lung, and hematological cancers, are particularly associated with
higher ATE incidence. Cancer treatments—including cisplatin-based chemotherapy, hormone therapy with
tamoxifen, VEGF inhibitors, and various tyrosine kinase inhibitors (TKIs)—further amplify thrombotic risk.
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Future perspectives include the need for dedicated studies on the mechanisms and predictors of
CA-ATE to improve early identification and prevention strategies. Research should also focus on optimizing
pharmacological prophylaxis, potentially incorporating antiplatelet agents or novel anticoagulants, while
balancing the risk of bleeding. Evaluating the thrombotic profiles of newer cancer therapies and personalizing
prevention based on patient and tumor characteristics represent key avenues for future clinical management.

In routine cancer care, early identification of patients at increased risk of thrombosis associated with
cancer may enable early initiation of preventive measures. By identifying specific risk factors, clinicians may
be able personalized thromboprophylaxis to a patient with cancer. Adverse events can be reduced by specific
anticoagulant treatment to the individual risk profile of each patient.

Acknowledgement: Not applicable.
Funding Statement: The authors received no specific funding.

Author Contributions: Kassiani Lalechou: Writing the original draft, investigation, review & editing. Despoina
Pantazi: Writing—review & editing, organizing the manuscript, supervision, methodology, investigation. All authors
reviewed and approved the final version of the manuscript.

Availability of Data and Materials: Since this study did not generate or analyze any datasets, data sharing is not
applicable to this article.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Fukatsu M, Ikezoe T. Cancer-associated thrombosis in hematologic malignancies. Int ] Hematol.
2024;119(5):516-25. doi:10.1007/512185-023-03690- z.

2. Pantazi D, Alivertis D, Tselepis AD. Underlying mechanisms of thrombosis associated with cancer and anticancer
therapies. Curr Treat Options Oncol. 2024;25(7):897-913. doi:10.1007/s11864-024-01210-7.

3. Falanga A, Marchetti M. Cancer-associated thrombosis: enhanced awareness and pathophysiologic complexity. ]
Thromb Haemost. 2023;21(6):1397-408. doi:10.1016/j.jtha.2023.02.029.

4. Kim AS, Khorana AA, McCrae KR. Mechanisms and biomarkers of cancer-associated thrombosis. Transl Res.
2020;225(3):33-53. d0i:10.1016/j.trsl.2020.06.012.

5.  Wahab R, Hasan MM, Azam Z, Grippo PJ, Al-Hilal TA. The role of coagulome in the tumor immune microenvi-
ronment. Adv Drug Deliv Rev. 2023;200(12):115027. d0i:10.1016/j.addr.2023.115027.

6. Abu Zaanona MI, Mantha S. Cancer-associated thrombosis. In: StatPearls. Treasure Island, FL, USA: StatPearls
Publishing; 2025.

7. Mukai M, Oka T. Mechanism and management of cancer-associated thrombosis. ] Cardiol. 2018;72(2):89-93.
doi:10.1016/j.jjcc.2018.02.011.

8. Durante W. Sodium-glucose cotransporter-2 inhibitors in cardiovascular disease: a gaseous solution. Med Gas
Res. 2025;15(2):206-7. doi:10.4103/mgr. MEDGASRES-D-24-00097.

9. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. Development and validation of a predictive
model for chemotherapy-associated thrombosis. Blood. 2008;111(10):4902-7. doi:10.1182/blood-2007-10-116327.

10. Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks LK, Khorana AA, et al. American Society of Hematology 2021
guidelines for management of venous thromboembolism: prevention and treatment in patients with cancer. Blood
Adv. 2021;5(4):927-74. d0i:10.1182/bloodadvances.2020003442.

11. Farge D, Frere C, Connors JM, Khorana AA, Kakkar A, Ay C, et al. international clinical practice guidelines
for the treatment and prophylaxis of venous thromboembolism in patients with cancer, including patients with
COVID-19. Lancet Oncol. 2022;23(7):e334-47. doi:10.1016/S1470-2045(22)00160-7.


https://doi.org/10.1007/s12185-023-03690-z
https://doi.org/10.1007/s11864-024-01210-7
https://doi.org/10.1016/j.jtha.2023.02.029
https://doi.org/10.1016/j.trsl.2020.06.012
https://doi.org/10.1016/j.addr.2023.115027
https://doi.org/10.1016/j.jjcc.2018.02.011
https://doi.org/10.4103/mgr.MEDGASRES-D-24-00097
https://doi.org/10.1182/blood-2007-10-116327
https://doi.org/10.1182/bloodadvances.2020003442
https://doi.org/10.1016/S1470-2045(22)00160-7

18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

Oncol Res. 2026;34(5):5

Falanga A, Ay C, Di Nisio M, Gerotziafas G, Jara-Palomares L, Langer F, et al. Venous thromboembolism in cancer
patients: ESMO clinical practice guideline. Ann Oncol. 2023;34(5):452-67. doi:10.1016/j.annonc.2022.12.014.
Alikhan R, Gomez K, Maraveyas A, Noble S, Young A, Thomas M. Cancer-associated venous thrombosis in adults
(second edition): a British society for haematology guideline. Br ] Haematol. 2024;205(1):71-87. doi:10.1111/bjh.
19414.

Vladic N, Englisch C, Ay C, Pabinger I. Risk assessment and prevention of cancer-associated venous thromboem-
bolism in ambulatory patients with solid malignancies. Res Pract Thromb Haemost. 2024;9(1):102664. doi:10.1016/
j.rpth.2024.102664.

Bray F, Laversanne M, Sung H, Ferlay ], Siegel RL, Soerjomataram I, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63. d0i:10.3322/caac.21834.

Tsantes AG, Petrou E, Tsante KA, Sokou R, Frantzeskaki F, Domouchtsidou A, et al. Cancer-associated throm-
bosis: pathophysiology, laboratory assessment, and current guidelines. Cancers. 2024;16(11):2082. do0i:10.3390/
cancers16112082.

Pavlovic D, Niciforovic D, Markovic M, Papic D. Cancer-associated thrombosis: epidemiology, pathophys-
iological mechanisms, treatment, and risk assessment. Clin Med Insights Oncol. 2023;17:1-14. doi:10.1177/
11795549231220297.

Eichinger S. Cancer associated thrombosis: risk factors and outcomes. Thromb Res. 2016;140(Suppl 1):S12-7. doi:10.
1016/50049-3848(16)30092-5.

Canale ML, Bisceglia I, Lestuzzi C, Parrini I. Arterial thrombosis in cancer: spotlight on the neglected vessels.
Anticancer Res. 2019;39(9):4619-25. doi:10.21873/anticanres.13642.

Navi BB, Reiner AS, Kamel H, Iadecola C, Okin PM, Elkind MSV, et al. Risk of arterial thromboembolism in
patients with cancer. ] Am Coll Cardiol. 2017;70(8):926-38. d0i:10.1016/j.jacc.2017.06.047.

Tuzovic M, Herrmann J, Iliescu C, Marmagkiolis K, Ziaeian B, Yang EH. Arterial thrombosis in patients with
cancer. Curr Treat Options Cardiovasc Med. 2018;20(5):40. doi:10.1007/s11936-018-0635-x.

Deng HW, Li J, Zhai YS, Mei WY, Lin XX, Xu Q, et al. Incidence of arterial and venous thromboembolism in
cancer patients—Insights from more than 5,000,000 patients. ] Thromb Thrombolysis. 2025;58(3):370-9. doi:10.
1007/s11239-025-03083-5.

Goldman L, Caldera DL, Nussbaum SR, Southwick FS, Krogstad D, Murray B, et al. Multifactorial index of cardiac
risk in noncardiac surgical procedures. N Engl ] Med. 1977;297(16):845-50. d0i:10.1056/NEJM197710202971601.
Desborough JP. The stress response to trauma and surgery. Br ] Anaesth. 2000;85(1):109-17. doi:10.1093/bja/85.
1.109.

Rautiola J, Bjorklund J, Zelic R, Edgren G, Bottai M, Nilsson M, et al. Risk of postoperative ischemic stroke and
myocardial infarction in patients operated for cancer. Ann Surg Oncol. 2024;31(3):1739-48. d0i:10.1245/s10434-
023-14688-6.

Navi BB, Zhang C, Kaiser JH, Liao V, Cushman M, Kasner SE, et al. Cancer and the risk of perioperative arterial
ischaemic events. Eur Heart ] Qual Care Clin Outcomes. 2024;10(4):345-56. d0i:10.1093/ehjqcco/qcad057.
Akinbo DB, Ajayi OI. Thrombotic pathogenesis and laboratory diagnosis in cancer patients, an update. Int ] Gen
Med. 2023;16:259-72. doi:10.2147/1JGM.S385772.

Donadini MP, Calcaterra F, Romualdi E, Ciceri R, Cancellara A, Lodigiani C, et al. The link between venous and
arterial thrombosis: is there a role for endothelial dysfunction? Cells. 2025;14(2):144. d0i:10.3390/cells14020144.
Abdol Razak NB, Jones G, Bhandari M, Berndt MC, Metharom P. Cancer-associated thrombosis: an overview of
mechanisms, risk factors, and treatment. Cancers. 2018;10(10):380. d0i:10.3390/cancers10100380.

Wan T, Song J, Zhu D. Cancer-associated venous thromboembolism: a comprehensive review. Thromb ]J.
2025;23(1):35. doi:10.1186/s12959-025-00719-7.

Vilahur G, Fuster V. Interplay between platelets and coagulation: from protective haemostasis to pathological
arterial thrombosis. Eur Heart J. 2025;46(5):413-23. d0i:10.1093/eurheartj/ehae776.

Kaushansky K. The molecular mechanisms that control thrombopoiesis. ] Clin Invest. 2005;115(12):3339-47. doi:10.
1172/]JCI26674.


https://doi.org/10.1016/j.annonc.2022.12.014
https://doi.org/10.1111/bjh.19414
https://doi.org/10.1111/bjh.19414
https://doi.org/10.1016/j.rpth.2024.102664
https://doi.org/10.1016/j.rpth.2024.102664
https://doi.org/10.3322/caac.21834
https://doi.org/10.3390/cancers16112082
https://doi.org/10.3390/cancers16112082
https://doi.org/10.1177/11795549231220297
https://doi.org/10.1177/11795549231220297
https://doi.org/10.1016/S0049-3848(16)30092-5
https://doi.org/10.1016/S0049-3848(16)30092-5
https://doi.org/10.21873/anticanres.13642
https://doi.org/10.1016/j.jacc.2017.06.047
https://doi.org/10.1007/s11936-018-0635-x
https://doi.org/10.1007/s11239-025-03083-5
https://doi.org/10.1007/s11239-025-03083-5
https://doi.org/10.1056/NEJM197710202971601
https://doi.org/10.1093/bja/85.1.109
https://doi.org/10.1093/bja/85.1.109
https://doi.org/10.1245/s10434-023-14688-6
https://doi.org/10.1245/s10434-023-14688-6
https://doi.org/10.1093/ehjqcco/qcad057
https://doi.org/10.2147/IJGM.S385772
https://doi.org/10.3390/cells14020144
https://doi.org/10.3390/cancers10100380
https://doi.org/10.1186/s12959-025-00719-7
https://doi.org/10.1093/eurheartj/ehae776
https://doi.org/10.1172/JCI26674
https://doi.org/10.1172/JCI26674

Oncol Res. 2026;34(5):5 19

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Badimon L, Vilahur G. Arterial thrombosis: pathophysiological background. In: The ESC textbook of thrombosis.
Ist ed. Oxford, UK: Oxford University Press; 2023. p. 3-12. d0i:10.1093/med/9780192869227.003.0001.

Mezouar S, Frére C, Darbousset R, Mege D, Crescence L, Dignat-George F, et al. Role of platelets in cancer
and cancer-associated thrombosis: experimental and clinical evidences. Thromb Res. 2016;139:65-76. d0i:10.1016/
j.thromres.2016.01.006.

Blann AD, Dunmore S. Arterial and venous thrombosis in cancer patients. Cardiol Res Pract. 2011;2011(1):394740.
doi:10.4061/2011/394740.

Bambace NM, Holmes CE. The platelet contribution to cancer progression. ] Thromb Haemost. 2011;9(2):237-49.
doi:10.1111/j.1538-7836.2010.04131.x.

Placke T, Orgel M, Schaller M, Jung G, Rammensee HG, Kopp HG, et al. Platelet-derived MHC class I confers
a pseudonormal phenotype to cancer cells that subverts the antitumor reactivity of natural killer immune cells.
Cancer Res. 2012;72(2):440-8. doi:10.1158/0008-5472.CAN-11-1872.

Hron G, Kollars M, Weber H, Sagaster V, Quehenberger P, Eichinger S, et al. Tissue factor-positive microparticles:
cellular origin and association with coagulation activation in patients with colorectal cancer. Thromb Haemost.
2007;97(1):119-23. doi:10.1160/th06-03-0141.

Varon D, Shai E. Role of platelet-derived microparticles in angiogenesis and tumor progression. Discov Med.
2009;8(43):237-41.

Toth B, Liebhardt S, Steinig K, Ditsch N, Rank A, Bauerfeind I, et al. Platelet-derived microparticles and coagulation
activation in breast cancer patients. Thromb Haemost. 2008;100(4):663-9. doi:10.1160/th07-10-0602.

Chaudhry R, Killeen RB, Babiker HM. Physiology, coagulation pathways. In: StatPearls. Treasure Island, FL, USA:
StatPearls Publishing; 2025.

Miiller I, Klocke A, Alex M, Kotzsch M, Luther T, Morgenstern E, et al. Intravascular tissue factor initiates
coagulation via circulating microvesicles and platelets. FASEB J. 2003;17(3):476-8. doi:10.1096/1].02-0574fje.
Kenne E, Renné T. Factor XII: a drug target for safe interference with thrombosis and inflammation. Drug Discov
Today. 2014;19(9):1459-64. d0i:10.1016/j.drudis.2014.06.024.

Rai V, Balters MW, Agrawal DK. Factors IX, XI, and XII: potential therapeutic targets for anticoagulant therapy in
atherothrombosis. Rev Cardiovasc Med. 2019;20(4):245-53. doi:10.31083/j.rcm.2019.04.56.

Koizume S, Miyagi Y. Tissue factor in cancer-associated thromboembolism: possible mechanisms and clinical
applications. Br J Cancer. 2022;127(12):2099-107. doi:10.1038/s41416-022-01968-3.

Poredo$ P. Interrelationship between venous and arterial thrombosis. Int Angiol. 2017;36(4):295-8. doi:10.23736/
S0392-9590.17.03820-2.

Tatsumi K. The pathogenesis of cancer-associated thrombosis. Int ] Hematol. 2024;119(5):495-504. do0i:10.1007/
s12185-024-03735-x.

Dunois C. Laboratory monitoring of direct oral anticoagulants (DOACs). Biomedicines. 2021;9(5):445. doi:10.
3390/biomedicines9050445.

Ieko M, Naitoh S, Yoshida M, Takahashi N. Profiles of direct oral anticoagulants and clinical usage-dosage and
dose regimen differences. J Intensive Care. 2016;4(1):19. doi:10.1186/s40560-016-0144-5.

Nutescu EA, Burnett A, Fanikos J, Spinler S, Wittkowsky A. Pharmacology of anticoagulants used in the treatment
of venous thromboembolism. ] Thromb Thrombolysis. 2016;41(1):15-31. doi:10.1007/s11239-015-1314-3.

Alhousani M, Malik SU, Abu-Hashyeh A, Poznanski NJ, Al-Hasan S, Roth DF, et al. Using oral anticoagulants
among chronic kidney disease patients to prevent recurrent venous thromboembolism: a systematic review and
meta-analysis. Thromb Res. 2021;198(1):103-14. doi:10.1016/j.thromres.2020.11.036.

Mousavi A, Shojaei S, Rahmati S, Dastjerdi P, Sabri M, Salehi K, et al. Direct oral anticoagulants versus
low-molecular-weight heparin in patients with cancer-associated thrombosis: a meta-analysis of randomized
controlled trials. Am J Cardiol. 2025;254(2):32-41. doi:10.1016/j.amjcard.2025.06.022.

Zhou H, Ye LL, Zhou JT, Ma FX, Ma JJ, Zhang JH. Direct oral anticoagulants (DOACs) versus low-molecular-
weight heparin (LMWH) for extended thromboprophylaxis following major abdominal/pelvic cancer-related
surgery: a systematic review and meta-analysis. Surg Endosc. 2024;38(3):1131-8. doi:10.1007/s00464-023-10649-y.


https://doi.org/10.1093/med/9780192869227.003.0001
https://doi.org/10.1016/j.thromres.2016.01.006
https://doi.org/10.1016/j.thromres.2016.01.006
https://doi.org/10.4061/2011/394740
https://doi.org/10.1111/j.1538-7836.2010.04131.x
https://doi.org/10.1158/0008-5472.CAN-11-1872
https://doi.org/10.1160/th06-03-0141
https://doi.org/10.1160/th07-10-0602
https://doi.org/10.1096/fj.02-0574fje
https://doi.org/10.1016/j.drudis.2014.06.024
https://doi.org/10.31083/j.rcm.2019.04.56
https://doi.org/10.1038/s41416-022-01968-3
https://doi.org/10.23736/S0392-9590.17.03820-2
https://doi.org/10.23736/S0392-9590.17.03820-2
https://doi.org/10.1007/s12185-024-03735-x
https://doi.org/10.1007/s12185-024-03735-x
https://doi.org/10.3390/biomedicines9050445
https://doi.org/10.3390/biomedicines9050445
https://doi.org/10.1186/s40560-016-0144-5
https://doi.org/10.1007/s11239-015-1314-3
https://doi.org/10.1016/j.thromres.2020.11.036
https://doi.org/10.1016/j.amjcard.2025.06.022
https://doi.org/10.1007/s00464-023-10649-y

20

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Oncol Res. 2026;34(5):5

Gervaso L, Dave H, Khorana AA. Venous and arterial thromboembolism in patients with cancer: JACC:
CardioOncology state-of-the-art review. JACC CardioOncol. 2021;3(2):173-90. doi:10.1016/j.jaccao.2021.03.001.
Schror K. Aspirin and platelets: the antiplatelet action of aspirin and its role in thrombosis treatment and
prophylaxis. Semin Thromb Hemost. 1997;23(4):349-56. d0i:10.1055/s-2007-996108.

Shao BZ, Yao Y, Li JP, Chai NL, Linghu EQ. The role of neutrophil extracellular traps in cancer. Front Oncol.
2021;11:714357. doi:10.3389/fonc.2021.714357.

Fuchs TA, Brill A, Duerschmied D, Schatzberg D, Monestier M, Myers DD Jr, et al. Extracellular DNA traps
promote thrombosis. Proc Natl Acad Sci U S A. 2010;107(36):15880-5. doi:10.1073/pnas.1005743107.

Zhang Y, Ye J, Sun S, Li R, Tang S, Wang M, et al. Role of platelets and NETSs in arterial thrombosis. Naunyn
Schmiedeberg’s Arch Pharmacol. 2025;398(7):8155-67. d0i:10.1007/s00210-025-03921-6.

Thalin C, Demers M, Blomgren B, Wong SL, von Arbin M, von Heijne A, et al. NETosis promotes cancer-associated
arterial microthrombosis presenting as ischemic stroke with troponin elevation. Thromb Res. 2016;139(3):56-64.
doi:10.1016/j.thromres.2016.01.009.

XuY, Carrier M, Kimpton M. Arterial thrombosis in patients with cancer. Cancers. 2024;16(12):2238. d0i:10.3390/
cancersl16122238.

Ay C, Pabinger I, Cohen AT. Cancer-associated venous thromboembolism: burden, mechanisms, and
management. Thromb Haemost. 2017;117(2):219-30. doi:10.1160/TH16-08-0615.

Taddei S, Virdis A, Ghiadoni L, Salvetti G, Bernini G, Magagna A, et al. Age-related reduction of NO availability
and oxidative stress in humans. Hypertension. 2001;38(2):274-9. doi:10.1161/01L.hyp.38.2.274.

Coppola R, Mari D, Lattuada A, Franceschi C. Von Willebrand factor in Italian centenarians. Haematologica.
2003;88(1):39-43. d0i:10.18578/bnf.610339269.

Franchini M. Hemostasis and aging. Crit Rev Oncol. 2006;60(2):144-51. doi:10.1016/j.critrevonc.2006.06.004.
Wilkerson WR, Sane DC. Aging and thrombosis. Semin Thromb Hemost. 2002;28(6):555-68. d0i:10.1055/s-2002-
36700.

Previtali E, Bucciarelli P, Passamonti SM, Martinelli I. Risk factors for venous and arterial thrombosis. Blood
Transfus. 2011;9(2):120-38. d0i:10.2450/2010.0066-10.

Rumley A, Emberson JR, Wannamethee SG, Lennon L, Whincup PH, Lowe GDO. Effects of older age on fibrin
D-dimer, C-reactive protein, and other hemostatic and inflammatory variables in men aged 60-79 years. ] Thromb
Haemost. 2006;4(5):982-7. doi:10.1111/j.1538-7836.2006.01889.x.

Mulder FI, Horvath-Puho E, van Es N, Pedersen L, Biiller HR, Batker HE, et al. Arterial thromboembolism in
cancer patients. JACC CardioOncology. 2021;3(2):205-18. d0i:10.1016/j.jaccao.2021.02.007.

Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH. Frequency, risk factors, and trends for venous
thromboembolism among hospitalized cancer patients. Cancer. 2007;110(10):2339-46. d0i:10.1002/cncr.23062.
Chew HK, Wun T, Harvey D, Zhou H, White RH. Incidence of venous thromboembolism and its effect on survival
among patients with common cancers. Arch Intern Med. 2006;166(4):458-64. doi:10.1001/archinte.166.4.458.
Madaudo C, Di Lisi D, Cannata A, Manfré E, Vullo C, Santoro M, et al. Cardiovascular toxicity induced by TKIs
in patients with chronic myeloid leukaemia: are women and men different? ESC Heart Fail. 2025;12(2):1447-54.
doi:10.1002/ehf2.15165.

Morath O, Hoffmann J, Schilling K, Hochhaus A, Rachow T, Lang SM. Venous and arterial thromboembolism in
lung cancer patients: a retrospective analysis. ] Clin Med. 2024;13(13):3773. d0i:10.3390/jcm13133773.

Mitrovic M, Pantic N, Sabljic N, Bukumiric Z, Virijevic M, Pravdic Z, et al. Arterial thrombosis in patients with
acute myeloid leukemia: incidence and risk factors. Cancers. 2023;15(11):3060. doi:10.3390/cancers15113060.
Grover SP, Hisada YM, Kasthuri RS, Reeves BN, Mackman N. Cancer therapy-associated thrombosis. Arterioscler
Thromb Vasc Biol. 2021;41(4):1291-305. doi:10.1161/ ATVBAHA.120.314378.

Pantazi D, Tselepis AD. Cardiovascular toxic effects of antitumor agents: pathogenetic mechanisms. Thromb Res.
2022;213(Suppl 1):595-102. doi:10.1016/j.thromres.2021.12.017.

Kelland L. The resurgence of platinum-based cancer chemotherapy. Nat Rev Cancer. 2007;7(8):573-84. d0i:10.1038/
nrc2167.


https://doi.org/10.1016/j.jaccao.2021.03.001
https://doi.org/10.1055/s-2007-996108
https://doi.org/10.3389/fonc.2021.714357
https://doi.org/10.1073/pnas.1005743107
https://doi.org/10.1007/s00210-025-03921-6
https://doi.org/10.1016/j.thromres.2016.01.009
https://doi.org/10.3390/cancers16122238
https://doi.org/10.3390/cancers16122238
https://doi.org/10.1160/TH16-08-0615
https://doi.org/10.1161/01.hyp.38.2.274
https://doi.org/10.18578/bnf.610339269
https://doi.org/10.1016/j.critrevonc.2006.06.004
https://doi.org/10.1055/s-2002-36700
https://doi.org/10.1055/s-2002-36700
https://doi.org/10.2450/2010.0066-10
https://doi.org/10.1111/j.1538-7836.2006.01889.x
https://doi.org/10.1016/j.jaccao.2021.02.007
https://doi.org/10.1002/cncr.23062
https://doi.org/10.1001/archinte.166.4.458
https://doi.org/10.1002/ehf2.15165
https://doi.org/10.3390/jcm13133773
https://doi.org/10.3390/cancers15113060
https://doi.org/10.1161/ATVBAHA.120.314378
https://doi.org/10.1016/j.thromres.2021.12.017
https://doi.org/10.1038/nrc2167
https://doi.org/10.1038/nrc2167

Oncol Res. 2026;34(5):5 21

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

Rachma B, Savitri M, Sutanto H. Cardiotoxicity in platinum-based chemotherapy: mechanisms, manifestations,
and management. Cancer Pathog Ther. 2025;3(2):101-8. doi:10.1016/j.cpt.2024.04.004.

Minerva, Bhat A, Verma S, Chander G, Jamwal RS, Sharma B, et al. Cisplatin-based combination therapy for cancer.
J Cancer Res Ther. 2023;19(3):530-6. doi:10.4103/jcrt.jert_792_22.

Kim ES, Baran AM, Mondo EL, Rodgers TD, Nielsen GC, Dougherty DW, et al. Risk of thromboembolism in
cisplatin versus carboplatin-treated patients with lung cancer. PLoS One. 2017;12(12):e0189410. doi:10.1371/journal.
pone.0189410.

Mellema WW, van der Hoek D, Postmus PE, Smit EF. Retrospective evaluation of thromboembolic events in
patients with non-small cell lung cancer treated with platinum-based chemotherapy. Lung Cancer. 2014;86(1):73-7.
doi:10.1016/j.lungcan.2014.07.017.

Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H, Hollerbach S, Hofheinz R, et al. Phase III trial in metastatic
gastroesophageal adenocarcinoma with fluorouracil, leucovorin plus either oxaliplatin or cisplatin: a study of the
Arbeitsgemeinschaft Internistische Onkologie. J Clin Oncol. 2008;26(9):1435-42. d0i:10.1200/JC0.2007.13.9378.
Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, et al. Capecitabine and oxaliplatin for advanced
esophagogastric cancer. N Engl ] Med. 2008;358(1):36-46. doi:10.1056/NEJMoa073149.

Lechner D, Kollars M, Gleiss A, Kyrle PA, Weltermann A. Chemotherapy-induced thrombin generation via proco-
agulant endothelial microparticles is independent of tissue factor activity. ] Thromb Haemost. 2007;5(12):2445-52.
doi:10.1111/j.1538-7836.2007.02788.x.

Borregén M, Valero M, Ferrdndez A, Mufloz A, Roque C, Benitez-Fuentes JD. Cancer-associated thoracic aorta
arterial thrombosis: case report and review of the literature. Front Cardiovasc Med. 2025;12:1480310. d0i:10.3389/
fcvm.2025.1480310.

Sato N, Mishima T, Okubo Y, Okamoto T, Shiraishi S, Tsuchida M. Acute aortic thrombosis in the ascending aorta
after cisplatin-based chemotherapy for esophageal cancer: a case report. Surg Case Rep. 2022;8(1):75. doi:10.1186/
s40792-022-01431-8.

LvLH, Wan YL, Lin Y, Zhang W, Yang M, Li GL, et al. Anticancer drugs cause release of exosomes with heat shock
proteins from human hepatocellular carcinoma cells that elicit effective natural killer cell antitumor responses in
vitro. ] Biol Chem. 2012;287(19):15874-85. d0i:10.1074/jbc.M112.340588.

Moore RA, Adel N, Riedel E, Bhutani M, Feldman DR, Tabbara NE, et al. High incidence of thromboem-
bolic events in patients treated with cisplatin-based chemotherapy: a large retrospective analysis. J Clin Oncol.
2011;29(25):3466-73. d0i:10.1200/JCO.2011.35.5669.

Weijl NI, Rutten ME, Zwinderman AH, Keizer HJ, Nooy MA, Rosendaal FR, et al. Thromboembolic events during
chemotherapy for germ cell cancer: a cohort study and review of the literature. ] Clin Oncol. 2000;18(10):2169-78.
d0i:10.1200/JC0O.2000.18.10.2169.

Numico G, Garrone O, Dongiovanni V, Silvestris N, Colantonio I, Di Costanzo G, et al. Prospective evaluation
of major vascular events in patients with nonsmall cell lung carcinoma treated with cisplatin and gemcitabine.
Cancer. 2005;103(5):994-9. d0i:10.1002/cncr.20893.

Toschi L, Finocchiaro G, Bartolini S, Gioia V, Cappuzzo F. Role of gemcitabine in cancer therapy. Future Oncol.
2005;1(1):7-17. d0i:10.1517/14796694.1.1.7.

Hassan SA, Palaskas N, Kim P, Iliescu C, Lopez-Mattei ], Mouhayar E, et al. Chemotherapeutic agents and the risk
of ischemia and arterial thrombosis. Curr Atheroscler Rep. 2018;20(2):10. doi:10.1007/s11883-018-0702-5.

Dasanu CA. Gemcitabine: vascular toxicity and prothrombotic potential. Expert Opin Drug Saf. 2008;7(6):703-16.
doi:10.1517/14740330802374262.

Levi M, Sivapalaratnam S. An overview of thrombotic complications of old and new anticancer drugs. Thromb
Res. 2020;191(Suppl 1):S17-21. doi:10.1016/S0049-3848(20)30391-1.

Duvic M, Talpur R, Wen S, Kurzrock R, David CL, Apisarnthanarax N. Phase II evaluation of gemcitabine
monotherapy for cutaneous T-cell lymphoma. Clin Lymphoma Myeloma. 2006;7(1):51-8. doi:10.3816/CLM.2006.
n.039.


https://doi.org/10.1016/j.cpt.2024.04.004
https://doi.org/10.4103/jcrt.jcrt_792_22
https://doi.org/10.1371/journal.pone.0189410
https://doi.org/10.1371/journal.pone.0189410
https://doi.org/10.1016/j.lungcan.2014.07.017
https://doi.org/10.1200/JCO.2007.13.9378
https://doi.org/10.1056/NEJMoa073149
https://doi.org/10.1111/j.1538-7836.2007.02788.x
https://doi.org/10.3389/fcvm.2025.1480310
https://doi.org/10.3389/fcvm.2025.1480310
https://doi.org/10.1186/s40792-022-01431-8
https://doi.org/10.1186/s40792-022-01431-8
https://doi.org/10.1074/jbc.M112.340588
https://doi.org/10.1200/JCO.2011.35.5669
https://doi.org/10.1200/JCO.2000.18.10.2169
https://doi.org/10.1002/cncr.20893
https://doi.org/10.1517/14796694.1.1.7
https://doi.org/10.1007/s11883-018-0702-5
https://doi.org/10.1517/14740330802374262
https://doi.org/10.1016/S0049-3848(20)30391-1
https://doi.org/10.3816/CLM.2006.n.039
https://doi.org/10.3816/CLM.2006.n.039

22

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Oncol Res. 2026;34(5):5

Qi WX, Lin E Sun Y], Tang LN, Shen Z, Yao Y. Risk of venous and arterial thromboembolic events in cancer
patients treated with gemcitabine: a systematic review and meta-analysis. Br ] Clin Pharmacol. 2013;76(3):338-47.
doi:10.1111/bcp.12203.

Parikh RP, Odom EB, Yu L, Colditz GA, Myckatyn TM. Complications and thromboembolic events associated with
tamoxifen therapy in patients with breast cancer undergoing microvascular breast reconstruction: a systematic
review and meta-analysis. Breast Cancer Res Treat. 2017;163(1):1-10. d0i:10.1007/s10549-017-4146-3.

Chang Y, Lee JJ, Chen WE Chou DS, Huang SY, Sheu JR. A novel role for tamoxifen in the inhibition of human
platelets. Transl Res. 2011;157(2):81-91. d0i:10.1016/j.trs1.2010.10.004.

Cushman M, Costantino JP, Bovill EG, Wickerham DL, Buckley L, Roberts JD, et al. Effect of tamoxifen on
venous thrombosis risk factors in women without cancer: the breast cancer prevention trial. Br ] Haematol.
2003;120(1):109-16. doi:10.1046/j.1365-2141.2003.03976.x.

Cosman E Baz-Hecht M, Cushman M, Vardy MD, Cruz JD, Nieves JW, et al. Short-term effects of estrogen,
tamoxifen and raloxifene on hemostasis: a randomized-controlled study and review of the literature. Thromb Res.
2005;116(1):1-13. doi:10.1016/j.thromres.2004.09.014.

Eilertsen AL, Liestol S, Mowinckel MC, Hemker HC, Sandset PM. Differential impact of conventional and low-
dose oral hormone therapy (HT), tibolone and raloxifene on functionality of the activated protein C system.
Thromb Haemost. 2007;97(6):938-43 d0i:10.1160/th06-11-0632.

Jones AL, Powles TJ, Treleaven JG, Burman JE Nicolson MC, Chung HI, et al. Haemostatic changes and
thromboembolic risk during tamoxifen therapy in normal women. Br ] Cancer. 1992;66(4):744-7. doi:10.1038/bjc.
1992.350.

Jia ], Tian C, Han W, Ma Q. Real-world assessment of thromboembolic risk associated with tamoxifen. Sci Rep.
2025;15(1):27820. doi:10.1038/s41598-025-13585-0.

Chumsri S, Howes T, Bao T, Sabnis G, Brodie A. Aromatase, aromatase inhibitors, and breast cancer. ] Steroid
Biochem Mol Biol. 2011;125(1-2):13-22. doi:10.1016/j.jsbmb.2011.02.001.

Khosrow-Khavar F, Filion KB, Bouganim N, Suissa S, Azoulay L. Aromatase inhibitors and the risk of cardiovas-
cular outcomes in women with breast cancer: a population-based cohort study. Circulation. 2020;141(7):549-59.
doi:10.1161/CIRCULATIONAHA.119.044750.

He Y, Zhang ], Shen G, Liu L, Zhao Q, Lu X, et al. Aromatase inhibitors and risk of cardiovascular events in breast
cancer patients: a systematic review and meta-analysis. BMC Pharmacol Toxicol. 2019;20(1):62. doi:10.1186/s40360-
019-0339-1.

Haque R, Shi J, Schottinger JE, Chung J, Avila C, Amundsen B, et al. Cardiovascular disease after aromatase
inhibitor use. JAMA Oncol. 2016;2(12):1590-7. d0i:10.1001/jamaoncol.2016.0429.

Totzeck M, Mincu RI, Rassaf T. Cardiovascular adverse events in patients with cancer treated with bevacizumab:
a meta-analysis of more than 20,000 patients. ] Am Heart Assoc. 2017;6(8):e006278. doi:10.1161/JAHA.117.006278.
Wu MD, Moslehi JJ, Lindner JR. Arterial thrombotic complications of tyrosine kinase inhibitors. Arterioscler
Thromb Vasc Biol. 2021;41(1):3-10. doi:10.1161/ATVBAHA.120.314694.

Touyz RM, Herrmann SMS, Herrmann J. Vascular toxicities with VEGF inhibitor therapies-focus on hypertension
and arterial thrombotic events. ] Am Soc Hypertens. 2018;12(6):409-25. d0i:10.1016/j.jash.2018.03.008.

Choueiri TK, Schutz FAB, Je Y, Rosenberg JE, Bellmunt J. Risk of arterial thromboembolic events with sunitinib
and sorafenib: a systematic review and meta-analysis of clinical trials. J Clin Oncol. 2010;28(13):2280-5. doi:10.
1200/JC0O.2009.27.2757.

Pantazi D, Ntemou N, Brentas A, Alivertis D, Skobridis K, Tselepis AD. Molecular requirements for the expression
of antiplatelet effects by synthetic structural optimized analogues of the anticancer drugs imatinib and nilotinib.
Drug Des Devel Ther. 2019;13:4225-38. d0i:10.2147/DDDT.S211907.

Kosma A, Pantazi D, Voulgari P, Ntemou N, Brentas A, Alivertis D, et al. Expressing enhanced inhibitory effects
toward arachidonic acid induced platelet activation: design, synthesis, DFT calculations and in vitro evaluation of
imatinib analogues. ChemistrySelect. 2023;8(11):e202200405. doi:10.1002/slct.202200405.

Hamadi A, Grigg AP, Dobie G, Burbury KL, Schwarer AP, Kwa FA, et al. Ponatinib tyrosine kinase inhibitor induces
a thromboinflammatory response. Thromb Haemost. 2019;119(7):1112-23. doi:10.1055/s-0039-1688787.


https://doi.org/10.1111/bcp.12203
https://doi.org/10.1007/s10549-017-4146-3
https://doi.org/10.1016/j.trsl.2010.10.004
https://doi.org/10.1046/j.1365-2141.2003.03976.x
https://doi.org/10.1016/j.thromres.2004.09.014
https://doi.org/10.1160/th06-11-0632
https://doi.org/10.1038/bjc.1992.350
https://doi.org/10.1038/bjc.1992.350
https://doi.org/10.1038/s41598-025-13585-0
https://doi.org/10.1016/j.jsbmb.2011.02.001
https://doi.org/10.1161/CIRCULATIONAHA.119.044750
https://doi.org/10.1186/s40360-019-0339-1
https://doi.org/10.1186/s40360-019-0339-1
https://doi.org/10.1001/jamaoncol.2016.0429
https://doi.org/10.1161/JAHA.117.006278
https://doi.org/10.1161/ATVBAHA.120.314694
https://doi.org/10.1016/j.jash.2018.03.008
https://doi.org/10.1200/JCO.2009.27.2757
https://doi.org/10.1200/JCO.2009.27.2757
https://doi.org/10.2147/DDDT.S211907
https://doi.org/10.1002/slct.202200405
https://doi.org/10.1055/s-0039-1688787

Oncol Res. 2026;34(5):5 23

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Pernod G, Cohen A, Mismetti P, Sanchez O, Mahé 1. Cancer-related arterial thromboembolic events. Arch
Cardiovasc Dis. 2024;117(1):101-13. doi:10.1016/j.acvd.2023.11.007.

Lipton JH, Chuah C, Guerci-Bresler A, Rosti G, Simpson D, Assouline S, et al. Ponatinib versus imatinib for
newly diagnosed chronic myeloid leukaemia: an international, randomised, open-label, phase 3 trial. Lancet Oncol.
2016;17(5):612-21. doi:10.1016/S1470-2045(16)00080- 2.

Cheong MA, Leader A. Cancer and arterial thrombosis: therapeutic options. Res Pract Thromb Haemost.
2024;8(3):102393. d0i:10.1016/j.rpth.2024.102393.

van Lent A, Puscasu R, Kaasjager KAH, Haitjema S, Suelmann BBM, Verhaar MC, et al. Venous and arterial
thrombosis in patients receiving immune checkpoint inhibitors. PLoS One. 2025;20(4):e0321112. doi:10.1371/
journal.pone.0321112.

Dillman RO. Cancer immunotherapy. Cancer Biother Radiopharm. 2011;26(1):1-64. doi:10.1089/cbr.2010.0902.
Goel A, Khorana A, Kartika T, Gowda S, Tao DL, Thawani R, et al. Assessing the risk of thromboembolism in
cancer patients receiving immunotherapy. Eur ] Haematol. 2022;108(4):271-7. doi:10.1111/ejh.13734.

Winkels H, Ehinger E, Vassallo M, Buscher K, Dinh HQ, Kobiyama K, et al. Atlas of the immune cell repertoire in
mouse atherosclerosis defined by single-cell RNA-sequencing and mass cytometry. Circ Res. 2018;122(12):1675-88.
doi:10.1161/CIRCRESAHA.117.312513.

Li Y, Jiang H, Luo L, Mei H. Immunotherapy-associated hemostatic abnormalities: bleeding and thrombotic
complications. Ann Hematol. 2025;104(7):3537-51. doi:10.1007/s00277-025-06482-z.

Moik E Riedl JM, Englisch C, Ay C. Update on thrombosis risk in patients with cancer: focus on novel anticancer
immunotherapies. Hamostaseologie. 2024;44(1):40-8. doi:10.1055/a-2215-9909.

Zhu ], Chen Y, Zhang Y, Wang W, Wang Y, Lu Z, et al. Association of immune checkpoint inhibitors therapy with
arterial thromboembolic events in cancer patients: a retrospective cohort study. Cancer Med. 2023;12(18):18531-41.
doi:10.1002/cam4.6455.


https://doi.org/10.1016/j.acvd.2023.11.007
https://doi.org/10.1016/S1470-2045(16)00080-2
https://doi.org/10.1016/j.rpth.2024.102393
https://doi.org/10.1371/journal.pone.0321112
https://doi.org/10.1371/journal.pone.0321112
https://doi.org/10.1089/cbr.2010.0902
https://doi.org/10.1111/ejh.13734
https://doi.org/10.1161/CIRCRESAHA.117.312513
https://doi.org/10.1007/s00277-025-06482-z
https://doi.org/10.1055/a-2215-9909
https://doi.org/10.1002/cam4.6455

	Cancer-Associated Arterial Thrombosis: Mechanisms and Risk Factors
	1 Introduction
	2 Epidemiology
	3 Pathophysiology
	4 Risk Factors
	5 Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


