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Abstract: Approach: Literature review of the multifaceted interactidretween platelets, coagulation
and cancerResults: Over the years, the links existing between caneeeldpment, progression and
occurrence of metastasis on one side and coagulatiothe other have become obvious. Tumors
seems to activate platelets whereas, platelettheonther hand, through their capacity to actizatd
release soluble factors and microparticles, interaih tumor cells and influence immune regulation.
They appear to be key regulators of many cancentev&urthermore, coagulation with its different
facets also interplays and significantly crosstalith malignancy. The objectives of this article &0
review the mechanisms through which cancer interadth platelets and the coagulation, triggering
thrombosis and the role played by platelets andjalasion factors in the regulation of cancer and to
underline the perspectives that are now open indtheelopment of novel diagnostic tools and new
cancer treatment strategie€onclusion/Recommendations. Challenging issues and unresolved
questions still need to be addressed to understendomplexity existing between coagulation factors
and platelet components and the different stagesumder progressioRecent discoveries are leading
clinicians to consider new therapeutic applicatioh@nticoagulant therapies or new drugs targeting
specific platelet functions in cancer patients’ agement. Furthermore, markers of coagulation and
platelet activity may prove to serve as biomarkersiormant tumors.
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INTRODUCTION gastric cancer two years later. Greenwell (1991d an
Sack et al. (1977) extended the term Trousseau's
The objectives of this article are to review thesyndrome to include chronic disseminated intraviascu
mechanisms through which cancer interacts witrelgtst ~ coagulopathy  associated  with  microangiopathy,
and the coagulation, triggering thrombosis andrtle  verrucous endocarditisand arterial emboli in pasien
played by platelet and coagulation factors in gwulation ~ with cancer, often occurring in the context of nmaki
of cancer and to underline the new perspectivesatea positive carcinomas. In recent times, the termijeen
now open in the development of novel diagnostitstand  ascribed to any kind of coagulopathy occurringtia t
new cancer treatment strategies. setting of any type of malignancy (Varki, 2007).
There is a statistically significant and clinigall
[-Clinical facts venous  thromboembolism important  association between idiopathic venous
manifestationsin cancer: The most clearly established thrombosis and the subsequent development of aliyiic
relationship existing between coagulation and caie OVert cancer, especially among patients in whom VTE
evidenced by the frequent complication of Venousrecurs during follow-up. About 10% of patients jemting
Thromboembolism (VTE) in cancer patients. IndeedWith unprovoked - idiopathic thrombosis are diagubs
VTE may represent its first clinical manifestatimiten ~ With cancer within a few years (Prandatial., 1992).
antedating any clinically objective sign of the Even more, during the first year, the incidenceafcer in
malignancy itself (Baroret al., 1998; Sorenseat al.,  these patients is as high as 2.1-4.6%, (Batah., 1998;
1998). Migratory superficial thrombophlebitis wassf ~ Sorensenet al., 1998; Prandongt al., 1992) with an
described by Trousseau (1865) as forewarning of afficidence at its peak within the first 6 months r@&trom
occult visceral malignancy and his sign, known aset a., 1994). Approximately 40% of those cases are
“Trousseau’s syndrome”, is almost synonymous toalready presenting metastasis at the time of d&gno
occult malignancy (Varki, 2007). Ironically, he meted ~ (Baronet al., 1998; Sorensed al., 1998; Nordstrongt
a similar finding in himself, when he developed aal., 1994). Cancer diagnosed at the same time agtonw
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one year after an episode of VTE is associated arth tumor cells expressing Tissue Factor (TF), with the
advanced stage and a poor prognosis (Soregisah, clotting/fibrinolysis ~ systems and  with b_lood
2000). Epidemiological estimates show that the ahnu (leukocytes, platelets) or vascular cells. It isll st
incidence of VTE in cancer patients may be as magh difficult to rank the relative weight of these mple
1:200/year compared t/0-113 cases/100,000/year in the INteractions only on the basis of the well-repogdlz .
general population (Silversteghal., 1998). A large Dutch clinical evidence of enhanced thrombotic episodes i

. tumor patients (Donati and Falanga, 2001).
population-based case control study of 3220 patieand There is currently renewed increasing scientific

that the Overall Risk (OR) of VTE was significantly o;jence that the coagulation system and the aictiva
increased in patients with malignancy (adjusted @B  of patelets play an instrumental role in the pesgion
and even more so in patients with metastasis @ @R  and regulation of malignant growth and facilitatioh
19.8) (Blomet al., 2005). The highest risk was observed inmetastasis. Important molecular crosstalk occurs
patients with lung cancer (Odds Ratio (OR): 22.2)between platelets, leukocytes, endothelial cellsl an
hematological  malignancies (OR: 28.0) andtumor cells controls. Understanding such interastio
gastrointestinal cancer (OR: 20.3) (Bleenal., 2005). clearly opens the potential for the developmemiaiel
There was a moderate|y increased risk in patimian cancer treatments based on the inhibition of cancer
cancer (OR: 3.1; 95%Cl: 0.6-15.3) and prostate eranc Promoters  (Labelleet al., 2001). As such, the
(OR: 2.2; 95%Cl: 0.9-5.4). The risk is enhanced bwnderlymg mechanism by which coagulation factors

anticancer therapy, such as surgery and chemogherap ~ Promote tumor cell growth, invasion, metastasis and
Thrombocytosis could reflect inflammation but is anglogenesis has recently become a hot topic in the
considered by some as a paraneoplastic phenomengﬁIOI of cancer research (Maal., 2011).

(Estrov et al., 1995). Its presence warrants thorough d The conflrmatlon dﬂ;]atl small daily c:oses of aspirin
investigation for the presence of severe underlyind®duce metastasis and help treatment of some casaer

disease, most complicated pyogenic infections Most re<_:ent indicator of th(_e role that plateletsd an
inflammatory rheumatic diseases and malignancycoagulation factors can play in cancer (Rothveelal.,
Moreover, thrombocytosis is a marker for maj0r2012). It is increasingly believed that blocking tthain
complications and is an independent predictor off events of the coagulation cascade upstreamsof it
mortality in hospitalized patients for non-malighas  activation process have a strong potential fortiimgithe
well as malignant conditions (Tchebiretal., 2011). progression of tumors (Zacharski, 2011) and may
The evidence of a relationship between cancer anttanslate into improved therapy and patient sufviva
VTE was, understandably, used to attempt to developithough, the beneficial effects of low moleculagight
diagnostics tools. Many screening strategies tatifle  heparins (LMWH) in cancer-related VTE prevention an
occult or overt malignancies including testing femor  treatment is well established, their effect on isaivin
markers and advanced imaging have been applied tancer patients, remains controversial (Megeral.,
patients with unprovoked VTE (Monreet al., 2004).  2011: Doormaalet al., 2011), suggesting that every
However, for the time being, these offer questid®ab gniicoagulation approach to restrain activation of

E(rae(cj(incsttiveeﬁ\éilt?vee (Nordstroret al., 1994) and may not .4 lation and platelets should be looked for.

In spite of such failures, there is an urgent nieed

|denttr|]fy Tg"a?:f r?_arker? of clanr(]:ers, p)tr(etgumab:fdﬁnsla I11-a Platelet count: By their capacity, upon activation,
on he identfication of €arly hemostalic markeis 0 4 adhere to exposed sub-endothelium in a flow-

activation of the coagulation cascade confering jependent manner, to aggregate and to facilitate
specific pattern for malignancy. The findings insth  thrombin generation, platelets have long been
field may pave the way for the development ofrecognized as the primary hemostatic tool, with
commercially available diagnostic kits capable todeficiencies resulting in bleeding and up-regulatio
identify cancers at an early phase. favoring thrombosis. Yet, increasing evidence intBs
that platelets fulfil a much wider role in balangi
Inter actions between hemostasis factors and cancer health and disease. Platelets are a source ofeactiv
cells: The interactions between components of thenetabolites and proteins, promote heterotypic cell
hemostatic system and cancer cells are multifacated interactions and provide a biologically active so,
complex. The physiological mechanisms of thrombugogether with a capacity to release cell-derivedrai
promotion in malignancy include some generalparticles that promote coagulation and protease
responses of the host to the tumor (acute phasactivation. Platelets also exert an active roleepsis,
inflammation, angiogenesis) and specific interadiof  inflammation, tissue regeneration and control of
131
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infection (including promoting the innate immune variety of human cancers and human cancer-derived
response) (Nurden, 2011). cell lines, such as colon cancer, lung cancer dioty
Furthermore, observations have suggested thaimall-cell lung cancer, breast cancer, malignant
platelets not only augment the growth of primarymelanoma, gastric cancer, neuroblastoma and adenoid
tumors via angiogenesis but endow tumor cells @aysi cystic carcinoma of the salivary gland. An incregsi
and mechanical support to evade the immune systefydy ofin vivo experimental evidence indicates that P-
and, through induction of Epithelial-Mesenchymakei  ggjection plays important roles in the growth and
Transition (EMT) of tumor cells, facilitating \etastasis of cancers (Chen and Geng, 2006). The

extravasation to secondary organs, the Dbasis Qjgand molecules on cancer cells for P-selection,
metastatic disease. Many laboratory and animalesud however, remain unidentified. Several lines of evice

have identified specific targets for antiplateleérapy suggest that the binding of human cancer cellsyer

that may be advantageous as adjuncts to existimgeca ) ) .
treatments (Jaiet al., 2010). from various organs and/or tissues, to P-seledtiary

The involvement of platelets and coagulationbe mediated by very different glycoprotein ligands

factors in hematogenous tumor metastasis has lon} alumboet al., 2005). Platelet depletion, or even an
been recognized. As a more direct evidence of lplate |nh|b|'§|0n of _TCIPA, rell_ably diminishes metastg5|s
involvement in the development of malignant tumars, Seemingly without affecting the growth of estabdigh
relationship between elevated platelet count andumors, in differentin vivo models of experimental
malignant tumors was reported as early as 1872 bpulmonary metastasis as well as in a murine motlel o
(Tranum and Haut, 1974). Ayhaet al. (2006), spontaneous metastasis (Palumi@ al., 2005).
demonstrated that higher preoperative platelet tspun Platelet/tumor cell/endothelial interactions havsoa
even if lying within the normal range (150.000-4W0  been reported helping in establishing metastasioies
microl™), may reflect poor prognostic factors such as(Rickles and Falanga, 2001).

cervical involvement and high grade among patients

with endometrial carcinoma. These authors went even|-c Platelet growth factors on immune cell
further, questioning the necessity of radicalfunction, tumor progression and tethering: Platelets
hysterectomy in patients with higher counts (Aylean and their byproducts, released upon platelet aitiva
al., 2006)._ Slmllar_ obser_vat|ons were made in othekhrough degranulation, appear to limit the abildf
gynecological malignancies (Hernandezal., 1992;  Natural Killer (NK) cells to lyse tumor cells intw and
Zeimet et al., 1994) and in gastrointestinal tumors ijn vivo (Palumboet al., 2005). Furthermore, platelet-
(Ikedaet al., 2002; Shimadet al., 2004). derived transforming growth fact@r(TGF{) down-
regulates the activating immunoreceptor NKG2D on

I11-b Platelet activation markers: Platelets can be \w .alis (Koppet al., 2009) and has been shown to
activated by human and experimental tumor cells, %a

process described in 1968 as “Tumor Cell-Induce vor EMT in various cancer celllines, - thereby
Platelet Aggregation» (TCIPA). It became apparkat t otentially facilitating metastasis.
this aggregation correlates with the metastatie ! A number of growth factors supporting tumor

o : . growth and possibly angiogenesis, such as Platelet-
(;l;g?!’lcsr_l\jglrlérrl]i\r/;/vonggé;)aﬂégIrSpglr.éd19v§i?H \]t?wf)igh’in Derived Growth Factor (PDGF), Vascular Endothelial

Growth Factor (VEGF) and angiopoetin-1, are reldase

complete remission, patients with active malignantb latelets. further interplavi d enhancinma
disease have elevated levels of beta-thromboglobuli y platelets, turther interplaying and enhancingiaa

and platelet factor 4 (Al-Mondhiry, 1983) Circulegi  Progression (Kepner and Lipton, 1981; Moleeal.,
activated platelets have also been evidenced inecan 1997; Nierodzik and Karpatkin, 2006) and regulating
patients by detection of the platelet membranegang ~ tumor vascular biology, preventing intralesional
CD62 (p-selecting) and CD63 (Wehmeétral., 1991). hemorrhages (Noet al., 2008; 2009). Furthermore,
Tumor cells or membrane vesicles that have beed shéome  platelet  byproducts/tumor  cell  receptor
spontaneously from tumor cells can directly aggiega interactions are associated with more tumor bicialgi
platelets in vitro (Jamieson and Scipio, 1982) aad  aggressiveness. PDGFR-alpha, a receptor for PDGF,
induce platelet aggregation through the release ofxpressed in invasive breast carcinomas is a good
proaggregatory  mediators  including  adenosineexample of this phenomenon (@ftal., 1998).
diphosphate, thrombin and a cathepsin-like cysteine Dendritic Cells (DCs) are key players in the
proteinase (Grignani and Jamieson, 1988). initiation of adaptive immune responses and are
Metastasis comprises multiple, consecutive stepsurrently exploited in immunotherapy for treatmeift
Several cell adhesion molecules are involved in theancer (Cruzt al., 2012). Platelets seem to secrete a
various stages of cancer metastasis (Huanhgl.,  soluble DC-activating factor and are active elerneit
1997). CD 62P-derived from platelets can bind to ahe immune system that might play a role in balagci
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the ability of DCs to polarize T cell responsesllii-e Adenosine diphosphate: Adenosine Diphosphate
(Cognasset al., 2008). (ADP) is a platelet agonist that causes platelefpsh
Glycoprotein Ib-1X-V-complex (GPIb-IX-V) along change and aggregation as well as generation of
with GPVI on the surface of platelets are primarily thromboxane 4 another platelet agonist, through its
responsible for initial platelet adhesion and adton  effects on a family of purinergic receptors: P2Y1,
by binding to their major legend, Von Willebrand p2y12 and P2X1 (Jianguwet al., 2002). Several tumor
Factor (VWF) and collagen, respectively (Smgttal.,  cell lines possess the ability to generate ADP
2009). Glycoprotein GPtband the Al domain of VWF  {hemselves inducing a TCIPA (Boukeratial., 1994).
immobilized on collagen or on the surface of adéda
platelets are crucial for the initial tethering amdling | Activation of Coagulation and cancer: The
of platelets at the site of vascular injury. Engagat of  ,rothrombotic state of cancer is driven by specific
GPlbu is required for downstream activation of the 5ncogenic events. Activation of the coagulatiorceds
integrin receptor and is thus an important iNiS®P  ghhears integrally linked to the processes of tumor

in the cascade that can finally lead to firm thramb : : :
formation (Erpenbeck and Schon, 2010). Exceptignalld%rr(])(;’gma r;géag?a&s and angiogenesis  (Tarek and

some tumor cell lines, such as MCF7 cells, derive
from a human breast cancer, may express &Plb . ) )
themselves (Oleksowicet al., 1995). Inhibiton of V-2 Tissue factor: Tissue Factor (TF) is best known
GPlho could enhance metastasis, an observation i@s the primary cellular initiator of blood coagidat
apparent contrast to most publications dealing withAfter vessel injury, the TF: FVila complex activatihe
platelets and metastasis. It is conceivable thatkaide coagulation protease cascade, which leads to fibrin
of platelet GPlb could result in an increased deposition and activation of platelets (MackmarQ4)0
availability of P-selectin for tumor cell-endottali In cancer-related thrombosis, the role of TF has
interactions, thus supporting the attachment ofctum gathered the most attention (Tarek and Khorana9200
cells to the vascular (Erpenbeck and Schon, 2010).  This trans-membrane glycoprotein is expressed in a
variety of human cancers, induced by activation of
I11-d Platelet integrins: Heterodimeric receptors of the oncogenes or inactivation of tumor suppressor genes
B1 andp3 integrin families mediate platelet adhesion(Yu et al., 2005). Over-expression of TF in tumor cells
and aggregation in hemostasis and thrombosis. Ior elevated TF levels in association with microtigte's
resting platelets, integrins are expressed in a- lowin the systemic circulation may contribute to syste
affinity state but they shift to a high-affinityase and  hypercoagulability (Dvorakt al., 1981; Khoranat al.,
efficiently bind to their ligands in response tdlwear 2007; 2008; Tesselaaral., 2007; Uncet al., 2007). In
activation. The 2 interns considered to be moskxperimental models, cell lines often release TF-
important for platelet adhesion and aggregation argositive Microparticles (MP) triggering thrombosis
integrinsazf; andaybps (GPIIb/llla) (Nieswandet al.,  (wanget al., 2012). Translational research in humans,
2009). Although little is known aboubB, in platelet-  -nqcted by Doormaatt al. (2012) on 43 cancer
dependent cancer cell metastasis, this integrieptec  4tients without VTE at study entry and 22 healthy
appear to play a role for the adhesion of certaincer volunteers, followed the markers of vivo and MP-
cell lines, like pancreatic tumors, to the extradat dependent coagulation prospectively for six moahs

matrix (Hall et al., 2008). In contrast, the relation
. . for the development of VTE. They concluded that
betweena, bps (GPIIb/llla) and metastasis of different although, median TF-mediated Xa-generation and

tumor cell lines has long been established rendétirs di Vila-d dent fibri ? tast
receptor an attractive target for anti-metastatgrapy = edian Vvila-dependent fiorin generation test -were

(Erpenbeck and Schon, 2010). Activation of platelefligher in the VTE group compared with the non-VTE
GPlib/llla seems to be necessary for the release @Oup- In this exploratory study the overall
angiogenic factors stored in platelet granuleshsas hypercoagulable state in cancer patients was not
VEGF, crucial for tumor spreading, PDGF, T@fand  associated directly with the MP  phospholipid-
fibrinogen (Trikhaet al., 1998; Amirkhosraviet al., ~ dependent procoagulant activity. However, in the
1999). Many tumor cell lines express themselves th@atients who developed VTE within six months when
same integrins that are normally found on platgletscompared to those who did not, an increased MP
namely GPlb andilbB3 (GPIIb/llla), adding to their procoagulant activity was present already at baseli
malignant potential (Trikhat al., 1998; Cheret al.,  suggesting it could be used to predict VTE (Dooimaa
1997). Therefore, it is not surprising to consiger etal., 2012).

independent role for their ligand vWF in tumor Furthermore, TF may exert non-hemostatic roles in
metastasis (Terrautetal., 2007). the generation of coagulation proteases and subséqu
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activation of Protease Activated Receptors (PARSPAR firing inflammation and cell migration (Erogét
on vascular cells. This TF-dependent signalingal., 2012). Furthermore, thrombin-induced Cathepsin
contributes to a variety of biological processes,D, in term, contributes to the malignant phenotipe
including inflammation, angiogenesis, metastass aninducing tumor cell migration, nodule growth,
cell migration (Tarek and Khorana, 2009). metastasis and angiogenesis (Eual., 2008). The
Interestingly, inhibition of PAR1 or the presencke o activation of fibrinogen by thrombin and its clegea
specific polymorphism such as 5061/D are associatetb fibrin monomers result in the rapid formation of
with a better outcome in patients with breast cancefibrin matrix. Furthermore, it is well documentduat
(Erogluet al., 2012). fibrinogen and cross-linked fibrin reside insidee th
Finally, TF pathway regulates mechanisms whichtumor stroma (Yapijaki®t al., 2012). Paradoxically,
involve plasmin and matrix metallo-proteinaseshhaft  thrombin-mediated thrombomodulin may act through
which seem to be critical in oral carcinogenesisattenuation of the tumor-promoting properties of
(Yapijakiset al., 2012). thrombin, but it also may function as a cell-tolcel
adhesion molecule, independently of its anticoagula
IV-b Factor Xa and TF-FVlla-FXa complex:  action (Yapijakiset al., 2012). Not surprisingly, in
Coagul_atlo.n facj[or zymogens activated upstream Oienographic tumour models, direct thrombin
thrombin, including Factor Xa (FXa), may also exertinipitors-like hirudin-have shown a significant
signalling via PARs and thus induce cellular effect cqycinostatic effect (Nowagt al., 2007). By virtue of
independent of thrombin generation (Krupiczejal., their anti-thrombin properties and beyond, hepanin
2008). The combination of FVlla and FXa, but not| mwH remain the cornerstone agents for the

FVlia alone, strongly induced migration of tumotige  reatment and prevention of cancer-related thromsbos
by a pathway that probably involves PAR2, but not(kannet al., 2012).

PAR1, activation. TF-FVila-mediated signaling in Many studies alluded to the beneficial effects of
human breast cancer cells occurs most efficienly b MwH on survival in cancer patients and a systeenati
formation of the TF-FVlla-FXa complex (Jiargal.,  review concluded that LMWH improves overall

2004). One of the physiological consequences & thigyryival in cancer patients, even in those withaambed
signaling pathway is enhanced cancer cell migrationjisease (Lazo-Langnest al., 2007). A recent study,
mediated by mTOR pathway activation (Jiaetgal.,  nowever, did not show a survival benefit of nadrapa

2008). Furthermore, the TF-FVila-FXa complex jn patients with advanced prostate, lung, or paatere
prevents apoptosis in breast cancer cells by arthie  cancer (Doormaat al., 2011).

independent pathway (Jiangt al., 2006). Quite
unexpectedly, FXa alone markedly diminished thelV-d Fibrinogen and Fibrin: Fibrinogen is the final and
migration of different cancer cell lines of various most important component of the coagulation cascsle
origins (breast, lung and colon cancer cells) aiXé F well as a major determinant of blood viscosity afabd
mediated inhibition of cancer cell migration wasflow and an important acute phase reactant.
specific, as it was inhibited by TAP (a specific &X Epidemiological studies increasingly suggests that
inhibitor) but not by Hirudin (a specific thrombin elevated plasma fibrinogen levels are associatéu avi
inhibitor) (Borensztajnet al., 2009). The role of increased risk of cardiovascular disorders, incigdi
specific Xa inhibitors in the prevention of cancerlIschaemic Heart Disease (IHD), stroke and other
related thrombosis, remains however controversiathromboembolisms (Meadet al., 1986; Wilhelmseret
although initial results support further study of al., 1984). Hyperfibrinogenemia may be a predictar fo
apixaban, a specific oral FXa inhibitor, in phaske | poor chemo-response and has a potential role as
trials to prevent VTE in cancer patients receivingindependent prognostic factors in ovarian, rectad a
chemotherapy (Levinet al., 2012). renal cell carcinoma patients. Moreover, it caubed as

a biomarker to predict therapeutic response @ial.,
IV-c Thrombin: Thrombin, the key terminal enzyme 2012; Xiao et al., 2011; Luet al., 2011) or a risk
of coagulation, also promotes angiogenesis angbredictor for smoking-related cancers (Sigval., 2010).
stimulates tumor-platelet adhesion, adhesion to There is also evidence that fibrin deposition el
endothelium, tumor implantation, tumor cell growth by tumour cell-associated tissue factor and prgbabl
and metastasis. The thrombin receptor is expressed platelets, protect tumor cells from a recognitign MK
many tumor cell lines and on breast tumor biopsycells contributing to enhancing metastasis.
specimens (Rufet al., 2010). In addition to the
mitogenic effects on fibroblast, smooth muscle <ell IV-e Natural anticoagulants: Activated Protein C
and endothelial cells, thrombin also exerts direc{ APC) and Protein C Inhibitor (PCI) are the major
effects on cancer cells (Green and Karpatkin, 20t0) components of the anticoagulant protein C pathwely a
is also worth noting that thrombin is the key legeri  are the two proteins raising most interest for rthei
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potential role in regulating cancer. APC and PGlypl described in the context of advanced prostatic
many roles not only in the regulation of hemostasis  carcinomas (Hyman et al.,, 2011). Adjuvant
also in cell inflammation, proliferation, apoptgsis chemotherapy in cases of breast or prostatic camcis
tumor cell migration, invasion and metastasis. APGyrther interferes with the fibrinolytic system faing

promotes tumor cell invasion by EPCR-mediated anghrombosis (Oberhoffet al., 2000; Varenhorst and
PAR-1-mediated protease activity whereas PCI ithibi Risberg, 1981).

tumor cell invasion in vitro by its protease inhdsy

activity and suppresses tumor cell growth, metéstas CONCLUSION
and angiogenesis independent of its protease tohibi o _
activity (Suzuki and Hayashi, 2007). Applications for trandational therapy of cancer:

Abnormalities in Protein S seem to be ratherChallenging issues and unresolved questions sén
functional with reported dysregulation of S- to be addressed to understand the complexity egisti
nitrosylation, a process that related to cancePetween coagulation factors and platelet components
progression and dissemination (Wang, 2012)and the different stages of cancer progression.

Quantitation of protein S, seems however, non-figeci However, important findings have been obtainechi t
and redundant (Battistekt al., 2005). last few years in the understanding of cancer-édasteut

The role of Antithrombin (AT) is controversial as thrombosis that can serve to understand the link
early studies have reported an elevated level ofiaT between coagulation and cancer. Such knowledge is

: : . : opening perspectives not only to better identifyd an
2|a t|e1n§t)z7v:.thlglg<;;1;jg)er g?hirrsenﬁ;\,galrgngﬂgﬁ (ﬁ:el(heitreat patients at risk of VTE, but also possiblelésign
" ’ : P ew, possibly individualized therapy, to stop cance

cancer patients with localized prostate cancer ha rogression and metastasis. Much bench work and
significantly lower levels of AT Il activity andigher  jinical developments are stil needed in the

plasma D-dimer levels (Fidanet al., 2012). comprehension of the intimate relationships existin
Furthermore, others have advocated the use of [dw Apetween activation of the coagulation system and

and raised D-Dimer as prognostic markers forplatelets and cancer progression and metastasis. Th
gynecological malignancy (Koét al., 2001; 2006). As role that coagulation and platelets play at theirdis

one would have expected, elevated Thrombirstages involved in cancer progression, in particida

Antithrombin Complex (TAT) observed in malignancy tumour cell protection and hematogenous metastasis,
correlated with its severity and was often assediat N€eds major clarifications. Recent discoveries are
with abnormalities in the Thrombin Activatable Iead!ng_ cI|n|C|ans_ to consider new therapeutic

Fibrinolysis Inhibitor (TAFI) (Honggt al., 2010; Kaftaret applications of anticoagulant therapies or new srug

. targeting specific platelet functions in cancerigras’
al., 2011). Further studies are deemed necessafgriy c management. Possibility to use anticoagulants.eeith

the possible relation between AT level and cancer.  gjready available or to be developed (LMWH, aspirin
~ Tissue factor pathway inhibitor, the physiological warfarin,  cyclooxygenase inhibitors, ~ P-selectin
inhibitor of TF, may also play a role in cancerpfo- inhibitor, integrinallop3 antagonists and others) in the

apoptotic effect of TFPI has been found in breastreatment of tumour progression and inhibition of
cancer cells in vitro, while corresponding metastasis represent a promessing avenue of t¢linica
downregulation of endogenous TFPI resulted inresearch development, already found effective in
reduced apoptotic activity. Newer data suggest am@nimal models (Gay and Felding-Habermaz0i 1).
anti-metastatic effect of TFPI and suggest it canab Coagulation (TF, FXa, FVlla, AT, fibrinogen,
novel therapeutic approach in cancer. thrombln, PC, PCa, TFP') and platelet (P-Selectln,
PDGF, TGFB, VEGF, PF4) markers are clearly
IV-f Fibrinolysis: Early studies have demonstrated @SSociated, as causative agents or as markeranoerc
without doubt, the role of activated coagulatiord an development and evolution. Following their evolving
impaired fibrinolysis in patients with cancer (Laag levels in patients can therefore a_lso be consndgeed
al., 1975, Rochat al., 1989; Zacharskét al., 1992). means to optimize treatment options and possitdy th
There is now, however, good evidence that partsef can also serve as early biomarkers for dormant temo

fibrinolytic system, such as urokinase-type plasigen REFERENCES
activator and its receptor (“uPAR"), can be used as
strong predictors of outcome and targets in severahl-Hassan, N.N., A. Behzadian, R. Caldwell, V.S.
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