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Cancer-associated thrombosis

« 20% of all venous thromboembolism (VTE) patients are diagnosed with
cancer

M

» Cancer patients have ~9-fold increased risk of VTE

* High pancreas, brain
* Moderate lung, colon
 Low breast, prostate

Mulder et al. blood 2021; Timp et al. blood 2013



Cancer-associated thrombosis decreases survival

Major morbidities

* Recurrent thrombosis

* Interruption of anti-cancer treatment
* Quality of life

* Increased risk of bleeding

Increased mortality Exposure | R
None 1.0 (reference)
. Only VTE 2.6 (2.0-3.3)
nd
2"% leading cause of death Only cancer 74 (6.8-8.2)

Cancer-related VTE ~ 31.2 (24.6-39.6)

Timp et al. Blood 2013



Risk factors of cancer-associated thrombosis

Age

Genetics
Ethnicity
History of VTE
Obesity
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Risk factors of cancer-associated thrombosis

Primary tumor site

Age
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History of VTE
Obesity
01549 . High-grade tumors
== | ow-grade tumors
S
® 2 0.10-
=
8 5
W 5 0.054
=

Ahlbrecht et al. J Clin Oncol 2012 o 100 200 300 400 500 600 700 RCSI



Risk factors of cancer-associated thrombosis

Age Primary tumor site
Genetics Histology
Ethnicity Metastasis
History of VTE
Obesity
N Surgery
sl Chemotherapy

Checkpoint inhibitors

Cumulative VTE risk (%)
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Cancer Type
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Pancreas Lyman et al. The Oncologist 2013 RCSI
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Risk factors of cancer-associated thrombosis

Age Primary tumor site
Genetics Histology

Ethnicity Metastasis

History of VTE

Obesity

Up Surgery

D-dimer Biomarkers Chemotherapy

Procoagulant factors
TF, VWEF, fibrinogen
Platelets

Checkpoint inhibitors

Down
APC activity

Fibrinolysis ﬁ
RCSI




Risk factors of cancer-associated thrombosis

Challenging to predict VTE in cancer patients

Biomarkers

RCSI



Multifactorial mechanism to drive hypercoagulant state

Cytokines
(TNF-g, IL-1B, IL-6)

ADP, TxA;

cpaoL X

-\‘—\-\i..--' .

Fibrin deposition

Activated
platelets

Girardi et al. ATVB 2023 Thrombosis



Aim
Coagulation factors to promote cancer progression

Triple-negative breast cancer is highly aggressive A

2 |

and metastatic %} #
MDA-MB-231 P

1. Tumor-expressed Tissue Factor (TF)

2. Endothelium-derived von Willebrand Factor (VWF)

Unlii et al. Bleeding, Thromb, Vasc Biol 2024



Aim
Coagulation factors to promote cancer progression

TF

Integrins_c

1. Tumor-expressed Tissue Factor (TF)

2. Endothelium-derived von Willebrand Factor (VWF)

Unlii et al. Bleeding, Thromb, Vasc Biol 2024



Tissue Factor

(TF) in hemostasis

Platelets

Versteeg et al. Physiol Rev 2013

.




Tissue Factor in cancer progression

Elevated TF expression in cancer cells

* Higher tumor grade

* Increased angiogenesis

* Increased invasive and metastatic behavior

RCSI



Metastasis associates with TF in ER-negative tumors

574 breast cancer specimens
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TF-mediated cancer progression

Two functional roles

aTF FVila
1. Signaling to promote tumor
growth il Il[

o Gbiotal Cell membrane
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MAP kinase Interleukin-8
P13 kinase CXCL-1
Rho-like GTPases VEGF
- production
Cell survival
Gene transcription Nucleus

Van den Berg et al. Blood 2012



TF-mediated cancer progression

Two functional roles

1. Signaling to promote tumor
growth

2. Hemostasis to promote
survival of metastatic cells

Van den Berg et al. Blood 2012; Versteeg Sem in T&H 2015
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Targeting specific TF functions reduces cancer
progression in vivo

d2 d7

Versteeg et al. Blood 2008
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Blockade of TF signaling reduces metastasis in vivo;
independent of NK cells
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Molecular mechanism of metastasis

Epithelial to Mesenchymal Cancer stem cells (CSCs)
Transition (EMT) Prmary tumour | Aggresive relapsnd

tumour

Haematogenous Distant metastasis
dissemination

© 467

Cancer stem cell  Mesenchymal cell ~ Tumor cell




Inhibition of TF signaling reduces cancer cell
aggressiveness

~
i, S
i

=
w15 m gG 600 < 15,
© mm 10H10 3
=t
£ o
2 1.0- 4 2 £ 10
Y 4 8 400 ©
£ et =)
~ * @ = Fedelrk
p: £
= 0.5 E 200 - S 5-
S - o
- s e
©° o
w 0.0- 0 < Q-
\k \q' -\9 \é O \Q “% Y ’\Q
\s 3 ©
S & P e &

Unlii et al. Oncogene 2022



TF expression associates with breast cancer stem
cell marker ALDH1 In patients
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Integrin dependent TF signaling
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Aim
Coagulation factors to promote cancer progression

P
4

2. Endothelium-derived von Willebrand Factor (VWF)

1. Tumor-expressed Tissue Factor (TF)

Unlii et al. Bleeding, Thromb, Vasc Biol 2024



Endothelial cells a not-so-innocent bys%nder

. .
EC activation |« Angiogenesis

Thrombosi; . Inﬂa'mmation

3iey
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Secondary tumor
Tumor cell QQ‘, Immune cells

. Endothelial cell ? } Tissue factor & TF* extracellular vesicle
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< 2 /" VWF é Coagulation factors
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Unlii et al. Bleeding, Thromb, Vasc Biol 2024
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Von Willebrand Factor in primary haemostasis

GPlba FLOW OF BLOOD

— Collagen
receptor

Active a8,

Eikenboom & Leebeek, NEJM 2016 RCSI



Elevated levels of von Willebrand Factor in breast cancer

VWEF plasma levels
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Breast cancer cells induce VWF secretion

Supernatant from MDA-MB-231
tumour cells

EC activation

+

m .t WPB exocytosis
10a

(= & == 0 )

pa—— LT o
Weibel Palade body WPB VWF multimers
(WPB) constituents

Adapted from Dhami et al. JTH 2022

300 - kKK

VWF release
(% of normal)
N
o
T

-

o

o
1




Breast cancer cells induce VWF secretion

Unstimulated ECs + MDA-MB-231 media
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Dhami et al. JTH 2022




Cancers can induce VWF secretion at distant organs
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Goertz et al. JTH 2016



Breast cancer cells increase endothelial cell
permeability
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Circulating breast cancer cells directly bind VWF under
venous shear stress

Inlet /-\ _ Outlet
| | MDA-MB-231 |

Direction of flow

BioRender.com



B Control
Perfusion of over ECs CJANt-VWF
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BU1 Replace with TNBC panel +/- dako
Betiil Unli; 2025-06-11T11:53:49.995

10 Not enough datapoints
Betil Unli; 2025-06-12T09:57:09.504



A-domain of VWF binds to breast cancer cells
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LRP1 expression on triple-negative breast cancer cells
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Conclusion

Cancer-associated thrombosis
complicates treatment
Increases mortality

Challenging to predict those at risk




Conclusion

Triple-negative
breast cancer
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Tumor- and host-expressed coagulation factors promote metastasis &ﬁ;



Conclusion

Triple-negative
breast cancer
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Tumor- and host-expressed coagulation factors promote metastasis .iiﬁ;i.



Conclusion

Triple-negative
breast cancer
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Tumor- and host-expressed coagulation factors promote metastasis .iiﬁ;i.



Conclusion aniVWF

Triple-negative
breast cancer
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