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In a recent issue of this journal,1 we presented to our
readership a series of articles on the interaction between
thrombosis and cancer. We are continuing in this issue to
provide more articles on this theme. The thrombogenic
activity of cancer contributes to the increased incidence of
thrombosis in cancer patients, while the advent of thrombo-
sis in a cancer patient increases mortality, thrombosis being
the second most common cause of death in cancer.

This interrelationship is complex and is gaining recognition
with recent findings based on (1) thrombogenic factors pro-
duced by cancer cells, as well as by the comorbid conditions,
in the cancer patient and (2) the many factors in thrombosis
that can activate pathways leading to tumorigenesis, prolifer-
ation, and metastasis (►Fig. 1). As illustrated, in thrombosis,
the activation of the coagulation cascade triggers tissue
factor activation, followed by formation of tissue factor–Factor
VIIa–Factor Xa complex, leading to thrombin generation and
fibrin formation. The tissue factor–factor VIIa–Factor Xa
complex can proteolyze protease activated receptor 1 (PAR-
1) and protease activated receptor 2 (PAR-2). These receptors
(PAR-1 and -2) can signal growth factor pathways, such as
transforming growth factor-β (TGF-β), which can promote the
epithelial-to-mesenchymal transition, aswell as angiogenesis.
These pathways are reviewed in detail by Sharma and
colleagues.2

Another event in thrombosis is the activation of platelets.
Both activated platelets and platelet microparticles release
angiogenic factors, including vascular endothelial growth
factor (VEGF), β fibroblast growth factor (β-FGF), platelet
derived growth factor (PDGF), epidermal growth factor
(EGF), insulin growth factor 1 (IGF-1), and the cytokines
interleukin 6 and 8 (IL-6 and IL-8), chemokines regulated
upon activation normal T-cell expressed and secreted
(RANTES), angiopoietins 1, 2, and 4, and matrix metallopro-
teinases (MMP-1, MMP-2, and MMP-9). The role of these
factors are discussed by Mège et al.3 They also review how
tumor cells activate platelets through coagulation proteins,

such as tissue factor, and adhesive proteins such as P-selectin
and podoplanin.

The role of vascular permeability and fibrin deposition is
described by Dvorak4 who postulates from this mechanism
that cancer derives from “the wound that does not heal.”

A useful way to study thrombogenic, as well as tumori-
genic, factors is that of microparticles in the blood of cancer
patients, as summarized by LaCroix and colleagues.5 These
tumor cell derived microparticles, carry with them both
coagulation and fibrinolytic factors, and circulate through
blood to the rest of the body.

In myeloproliferative neoplasms, mutations in hemato-
poietic cells leads to increased risk of thromboembolism, as
presented by Arachchillage and Laffan.6 In acute promyelo-
cytic leukemia, the arising hemostatic dysfunction results in
increased bleeding and thrombotic complications. Such
complications, especially intracranial hemorrhage, account
for the most common cause of morbidity and mortality in
this disease. Tissue factor and fibrinolytic components
are produced by the leukemic promyelocytes, leading to a
thrombohemorrhagic syndrome. Such unique hemostatic
dysfunction is described by Kwaan et al.7

The remaining articles are devoted to therapy, with
review of various anticoagulant attempts to control cancer
by Nadir,8 who discusses that inhibiting coagulation to
ameliorate cancer was met with disappointing results in
clinical trials. The use of anticoagulants in cancer-associated
thrombosis is not without risk, as discussed by Park and
Khorana,9while the benefits of the direct oral anticoagulants
for the treatment of thrombosis in cancer patients are
described by Suryanarayan et al.10

Finally, the common use of blood transfusion for the
cancer patient is not without complications. Notably, there
is an association between transfusion and thrombosis, as
presented by Ramsey and Lindholm.11

We hope our readers will enjoy this issue as much as they
did the first on Thrombosis and Cancer.1
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Fig. 1 A simplified version of the interrelationship between thrombosis and cancer. Activation of coagulation factors leads to formation of activated tissue
factor, generation of factor VIIa and factor Xa (FVIIa–FXa) complex, thrombin, and fibrin formation. These factors activate protease-activated receptor 1
(PAR-1) and protease-activated receptor 2 (PAR-2) on cancer cells to promote cancer cell growth, proliferation, angiogenesis, and metastasis. Platelet
activation in thrombosis also activates PAR-1 and PAR-4. In addition, fibrinolytic components, urokinase-type plasminogen activator (uPA), uPA receptor
(uPAR), andplasminogenactivator inhibitor 1 (PAI-1) andplasminogenactivator inhibitor 2 (PAI-2) are increased incancer cells, signifyingpoorprognosis, but
they also enhance cancer cell growth, proliferation, motility, invasion, and metastasis.
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