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Complex and systemic nature of cancer -the vascular fulcrum

LECTUNLES ON

CLINICAL MEDICINE,

Phlegmasia alba dolens (1865)

Thrombosis associated
with occult cancer -
Trousseau syndrome

Vascular system is central to both intrinsic and
latrogenic triggers of systemic cancer progression
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Pathomechanisms of cancer associated thrombosis (CAT)
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Other mechanlsm in CAT

dependent on cancer cells
* Organic polyphosphates

+ Coagulant leukocutes

Coagulant endothelial cells

Extracellular chromatin

(exoDNA, NETS)

+ Coagulant microparticles (EVs)

* Intrinsic pathway (FXII)

+ Circulating mucins

« Circulating particles exposing
PS

Platelet
activation




Is CAT a function of cancer genes?



Tissue factor and genetic progression of colorectal cancer
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Journal of Thrombaosis and Haemostasis, 13: 9981003 2015 DOL: 10,11 th 12910

ORIGINAL ARTICLE

Tumor oncogene (KRAS) status and risk of venous thrombosis
in patients with metastatic colorectal cancer

S. ADES,* S. KUMAR,* M. ALAM,T A. GOODWIN, 1 D. WECKSTEIN,§ M. DUGAN,Y T. ASHIKAGA ,**
M., EVANS, ¥ C. VERSCHRAEGEN®* and C. E. HOLMES™*

*Department of Medicine, Vermont Cancer Center, University of Vermont, Burlington, VT, ¥The James, Ohia State University Wexner
Medical Center, Columbus, OH; 1Department of Pathology and Laboratory Medicine, University of Verront, Burlington, VT, §New
Hampshire Oncology-Hematology PA, Hookset, NH; YWew England Cancer Specialists, Scarborough, ME; and * * Department of Math and

Statistics, University of Vermont, Burlington, VT, USA

Table 2 Incidence of DVT and VTE among patients with mutated
and WT KRAS

Patients with Patients with

All patients mutated WT* KRAS
KRAS (n = 107) Odds ratiof
(n=065) (%) (%) (95% CI)

DVT} g i 11 (9.4)
PES§ 3 (10. 12 10 (9.3)
VTEY 40 (23. 19 (17.8)

*Wild-type. TLogistic regression analysis. $Deep venous thrombosis.
§Pulmonary embolism. §Venous thromboembolism.




DOTL: 10,1111 /3th. 13926

Journal of Thrombosis and Haemostasis, 16: 293-302 2018

ORIGINAL ARTICLE

Genes associated with venous thromboembolism in colorectal
cancer patients 9 matched pt pairs — 30 differentially expressed genes

B. UNLU,* N. VAN ES,f W. ARINDRARTO,f S. M. KIEEBASA,f H. MEI, 1 J. WESTERGA,§

S. MIDDELDORP,T P. J, K. KUPPEN,YJ. M. M.B. OTTEN,** S. CANNEGIETER*tT and H. H. VERSTEEG"*
*Department of Thrombosis and Hemostasis, Einthoven Laboratory for Experimental Vascular Medicine, Leiden University Medical Center,
Leiden; tDepartment of Vascular Medicine, Academic Medical Center, Amsterdam; {Department of Medical Statistics and Bioinformatics,
Leiden University Medical Center, Leiden; §Department of Pathology, Slotervaart Hospital, Amsterdam; §Department of Surgery, Leiden
University Medical Center, Leiden; * * Department of Internal Medicine, Slotervaart Hospital, Amsterdam; and t{Department of Clinical
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Extracelluar vesicles (EVs) and intercellular communication in CAT
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CAT in brain tumours and their subtypes



Tumour types differ with respect to thrombotic risks (and mechanisms

Cancer Type
(Stein et al 2006,
suppl by Timp 2013)

Pancreas 14.0%

VTE rate/pt-years
(Wun & Whyte 2009)

Brain 11.1%

Colon 2.7%

Leukemia 7.4% (AML); 3.1 (ALL)

Breast 0.9%

Bladder 1.7%
Oral ND




Glioblastoma multiforme (GBM) —the epitome of a medical calamity

Distinct nature and risk of VTE in glioblastoma
(Perry et al 2012; Unruh et al 2016; LeRhun & Perry 2016)
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The most frequent astrocytic primary brain tumour in adults
Mostly (95%) insidious development without (known) precursor lesions

Highly vascular and necrotic(diagnostic)

Onset at 61 — 64 years of age, incidence - 3/100,00/year

Median overall survival ~ 15 months, almost uniformly fatal (3-5% - 5 y), severe morbidity
Molecularly studied to a significant depth but to now major clinical consequence

Therapy — Stupp protocol (2005) — gross total resection>chemoradiation (TMZ)

Second line bevacizumab — anti-edema effect with no significant impact on survival
Targeted therapies — multiple tried and failed

Immunotherapy — trials ongoing early failures already recorded (CheckMate -143 Phase 3 trial
(NCT02017717) with Opdivo/Nivolumab)


https://clinicaltrials.gov/ct2/show/NCT02017717?term=nivolumab+glioblastoma&rank=3

Diversity of driver mutations and oncogenic pathways in GBM subtypes
causative factors, diagnostic markers and therapeutic targets

Glial progenitor cells TCGA - Verhaak et al 2010/2011

Proneural Neural Classical Mesenchymal

EGFR
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EGFR amplification (~35%
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Adapted from Ohgashi & Kleihues 2011; Sturm/Jabado et al 2012, Verhaak et al 2010




Molecular subtype-related coagulomes in glioblastoma (GBM)

GBM Coagulation-related gene expression profile in glioblastoma is
defined by molecular disease subtype

5.N. JABADO and | RAK
b dmstitote MGV Un ty. Montreal, ( sda

coagulomes

J Thromb Haemost 2013; 11: 1197-200.
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Mutant IDH1 defines low thrombosis risk in proneural GBM subtype

—

Acta Neuropathol (2016) 132:917-930 @ CrossMark
DOI 10.1007/s00401-016-1620-7
tlssue factor

ORIGINAL PAPER 'f,‘_vl' R o ror g
| - ‘\ ‘v* | 'I : ::‘ o 2P
3 3 ¢ A A e L
‘;' 3k K un .;;, - -.:' \”,'..'
! .\ < s .. : - - . | "
: '.‘; \\&\'ﬁjé ' j. o '. 5.3 . ..”-‘ "~ "

Mutant IDH1 and thrombosis in gliomas ﬁy’“ o

Huqm - IRt

Dusten Unruh’ - Steven R. Schwarze” - Laith Khoury® - Cheddhi Thomas® - Meijing Wu' - Li Chen™® - Rui Chen’ -
Yinxing Liu® - Margaret A. Schwartz® - Christina Amidei' - Priva Kumthekar® - Carolina G. Benjamin” -
Kristine Song'’ - Caleb Dawson'" - Joanne M. Rispoli'! - Girish Fatterpekar'' - John G. Golfinos’ -
Douglas Kondziolka’ - Matthias Karajannis'? - Donato Pacione’ - David Zagzag*’ - Thomas McIntyre’ -
Matija Snuderl® - Craig Horbinski""?
Why would anyone anticoagulate IDH1 mutant GBM patients?

Table 1 Patient characteristics for the discovery and validation cohorts, stratified by IDH1/2 |

Characteristic No. of patients Discovery Cohort (N = 169)

IDH 1/2 Wild-type, IDH /2 Mutant, no. (%) P
Intratumoral microthrombi

Yes 206 100 (85.5) 1 (1.9) <0.001
No 17 (14.5) 51 (938.1)

VTE present 30 (25.6) 0 (0.0) <(.001
VTE absent 23 87 (74.4) 45 (100.0)




Podoplanin levels predict VTE in and is down-regulated in proneural GBM
along with TF

BLOOD, 30 MARCH 2017 - VOLUME 129, NUMBER 13

Podoplanin expression in primary brain tumors induces platelet
aggregation and increases risk of venous thromboembolism

Full Length Asticle

Single cell coagulomes as constituents of the oncogene-driven coagulant phenotype in
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PNAS

Tissue factor expression provokes escape from tumor
dormancy and leads to genomic alterations

Nathalie Magrus®, Delphine Garnier®, Brian Meshan®, Serge McGraw”, Tae Hoon Lee®, Maxime Caron®,
Guiaume Bourgue®, Chioa Milsom®, Nada Jabado®. Jacauetta Trasler®, Rafal Pawtinski®. Nicel Mackman®,

and Janusz Rak*'

35443549 PNAS | March 4, 2014 vol 111 no. 9%
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Procoagulant microenvironment may change cellular properties of GBM

Coagulant microenvironment disrupts tumour dormancy

* Non-coagulant U373 human glioma cells cells don’t form tumours in mice

* Tissue factor expressing (coagulant) TF-U373 cells form tumours after
prolonged latency

Injection: TF-U373 tumor
TF-U373

Nathalie
Magnus

(latent)
Day 0

35 62 97 118 152 251 days
—
—
o
o
5 Latent
e |
- ) g

Coagulant microenvironment may
permanently alter the cancer cell:

* phenotype (aggressiveness)

* gene expression (transcriptome)
* genome (CNV)

* epigenome (methylome)

coagulation > angiogenesis > Inflammation

Injection: TF > PT aggressive conversion in vivo

TFU373 -PT
Tumourigenic
( g )

97 118 152 251 days

. Tumourigenic

FU373 G11S-PT

|_
Magnus (Rak) et al PNAS. 2014

Epigenome (DNA methylation — RRBS)
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Pharmacological targeting of tumour-related tissue factor alters the expression of
microRNA by cancer cells in vivo

-3.0 0.0 30

Inhibition of tissue factor signaling in breast tumour xenografts | |

induces widespread changes in the microRNA expression profile Profiling of microRNA in MDA-MB-231 tumours
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How many CATs in a CAT?




Cellular heterogeneity in GBM revealed through single cell sequencing
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Single-cell RNA-seq highlights
intratumoral heterogeneity
in primary glioblastoma

Anoop P. Patel,""*** Jtay Tirosh,”” John J. Trombetta,” Alex K. Shalek,”
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If GBM as a cellular mosaic, is coagulome also a mosaic?



Cellular heterogeneity in GBM — combinatorial coagulome
Tawil (Rak) et al Thrombosis Res. 2018

Single Cell Coagulome in Human Glioblastoma
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gle cell coagulomes as constituents of the oncogene-driven coagulant phenotype in
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Naclim Tawil, Shilpa Chen

Combinatorial coagulant phenotype in cancer
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Some emerqging questions:

. Are mechanisms of coagulation system activation unspecfic or cancer-
specific - thrombosis or thromboses ?

. Could cancer genome and epigenome (oncogene and oncomir profiles) be
risk factors for cancer associated thrombosis (CAT)?

. Could VTE and anticoagulants change the biology of cancer (how)?

. Should cancer patients be molecularly stratified for subtype-specific and
personalized management of CAT ?

. What is the role of tumour cell hetereogeneity in CAT? Are cancer
coagulomes composits of heterogeneous single cell coagulomes?
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Junior, drink your blood before it clots"
Disfunctional lab ‘family’ in Montreal




