Prothrombotic genotypes and risk
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Cancer-related VTE

« Of all cases of VTE:
» 20 to 25% occur in cancer patients?
» Incidence of VTE in cancer patients is increasing?

« Of all cancer patients:3

» 15% will have a symptomatic VTE during the course of
their disease

» Up to 50% have a VTE at autopsy

+ Compared to patients without cancer:3°
» Higher risk of VTE
» Higher risk of bleeding on anticoagulants
» Higher risk of death

www.armandtrousseau.wifeo.com
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Timp et al, Circulation, 2013
Walker et al, Eur J Cancer, 2013
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Khorana, Thromb Res, 2010
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Risk factors for cancer-related VTE

Cancer Related

* Primary site

* Stage

* Histology

e Time since diagnosis

Treatment Related
 Chemotherapy

* Radiation therapy
* Surgery

Indwelling venous access
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Outline

The impact of patient-related risk factors
for cancer-related VTE

Prothrombotic genotypes and cancer-related
VTE
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The Scandinavian Thrombosis and Cancer cohort (STAC)

TROMSY 4 (1994-1995) HUNT 2 (1995-1997) DCH (1993-1997) 5Y
Invited (n): 37558 Invited (n): 93898 Invited (n): 160725 _ ,@ o
Participated (n): 27158 Participated (n): 65237 Participated (n): 57053 - 5,' o~

Attendance rate: 77% Attendance rate: 69% Attendance rate: 35% o

Age: 25-97 years Age: 19-103 years Age: 50-64 years

I Excluded prior to merging: |
Previous cancer or VTE I

It |

4

STAC COHORT (1993-1997)

Included: 144952

Age: 19-101 years

Followed up to 2007-2012
Cancer diagnoses (n): 19757
VTE events (n): 2444

Jensvoll H et al, Clin Epidemio|/2015;7:401—10 ‘
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Aims

« To assess the overall- and time-specific risk of VTE in cancer patients
recruited from three large population-based cohorts

« To compare the short-term cumulative incidence for each cancer site taking
competing risk by death into account
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Impact of time since cancer diagnhosis and
prognosis on risk of VTE
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Cumulative incidence of VTE across different cancer

sites

Standard approach

Canvigive nocuecs of VTE

Cumuitive sodyoe o WTE
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Risk factors for cancer-related VTE

Cancer Related

* Primary site

* Stage

* Histology

Time since diagnosis

~

Treatment Related

* Chemotherapy

Radiation therapy
Surgery

Indwelling venous access
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Outline

The impact of patient-related risk factors for
cancer-related VTE

A
Prothrombotic genotypes and cancer- <
related VTE ‘

Conclusions
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Heritability of VTE

Family Twin

Major Genetic Susceptibility for Venous

Genetic Susceptibility to Thrombosis and Its Relationship Thromboembolism in Men:
to Physiological Risk Factors: The GAIT Study A Study of Danish Twine

Jwan Calon Soutn,” Laura Almasy,' Montserrat Boerell,' Francisco Blanco-Vaca,' Jose Maleo,

Jomés Matuwd Sovia, Tma Coll' Resa Fedioes,” Wil Stooes* Joreli Footeuberta,” and Torben Bjerrepuard Larsen ' Hennk Toft .\mcm..n " Axel Skytthe !
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Prothrombotic single nucleotide polymorphisms and VTE risk

Gene Site Phenotype Frequency VTE OR
Genes associated with VTE identified before GWAS

F2 rs1799963 VTE 0.02 2.50
F5 rs6025 VTE 0.05 3.00
FGG rs2066865 VTE 0.25 1.47
ABO rs8176719 VTE 0.3 1.50
PROC multiple VTE rare ~10
PROS1 multiple VTE rare ~10
SERPINC1 multiple VTE rare ~10
Novel SNPs associated with VTE identified by GWAS

VWF rs1063856 Increased VWF 0.37 1.15
STXBP5 rs1039084 Increased VWF 0.46 1.11
GP6 rs1613662 Increased platelet function 0.82 1.15
F11 rs2289252 Increased FXI 0.41 1.35
F11 rs2036914 Increased FXI 0.52 1.35
C4BPB/C4BPA rs3813948 Increased C4BP 0.08 1.18
KNG1 rs710446 Increased aPTT 0.45 1.20
SERPINC1 rs2227589 Decreased antithrombin 0.10 1.29
TSPAN15 rs78707713 Unknown 0.88 1.28

Modified from Morange PE et al, Thromb Haemost, 2015
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FV Leiden and cancer-related VTE — The Vienna Cancer and

Thrombosis Study (CATS)

Cohort of 982 patients with cancer
Followed for a maximum of 2 years
79 VTEs

2-fold increased risk of VTE in those
with FVL

The risk was particularly high during
the first 3 months after cancer
diagnosis

Curnulative probability of VTE
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FV Leiden and cancer-related VTE — The Tromsg Study

Case-cohort study 24
609 VTE patients and a sub-cohort of J — e |.____,' -----
1691 individuals . e )

i)
Those with FVL had a 1.9-fold higher £
risk of cancer-related VTE % al

&
The risk was particularly high during the -
first 6 months after cancer diagnosis )

8

. T T T T T T
6 m before cancer dagrasis 6 m after 12 mafer 18 m afer 24 m afer

Active Cancer Period (6 month intervals)

Gran et al. Haematologica 2016;101:1046-1'@53‘ v
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Risk of VTE according to FV Leiden and cancer status

Cancer status Risk VTE DVT PE
alleles HR (95% Cl) HR (95% Cl) HR (95% Cl)
No cancer 0 374 1.0 198 1.0 176 1.0
1 63 2.1(1.6-2.7) 47 2.9 (2.1-4.0) 16 1.5(0.7-1.9)
2 2 3.3(0.8-13.2) 2 6.4 (1.6-25.9) 0 -
Active cancer 0 102 m‘ 55 9.3 (6.8-12.5) 47 7.9 (5.7-11.0)
1 15 16.7 (9.9-28.0) 12 | 25.3(14.1-45.4) 3 7.0 (2.2-22.0)
2 9 - 0 - 0 -

HRs adjusted for age and sex

Gran et al. Haematologica 2016;101

ALY VA

:/10 6-1053
L BT AN SN



Studies on FV Leiden and cancer-related VTE

Study Study design Study population Risk estimate (95% Cl)
Otterson et al. . . OR3.1
1996 Cohort 353 patients with unselected cancers (0.6-14.7)

Ravin et al. . . . ORO0.3
2002 Case-control 75 patients with gynecological cancers (0.1-1.7)
Paspatis et al. Case-control 74 patients with colorectal cancer OR 1.5
2002 192 colonoscopically selected controls (p>0.5, NS)
Ramacciotti et al. . . OR 0.6
2003 Cohort 211 patients with unselected cancers (0.1-5.4)
Kennedy et al. . . . OR 1.7
2005 Case-control 202 patients with solid cancers (0.3-10.7)
Blom et al. . . OR 2.2
2005 Case-control 205 patients with unselected cancers (0.3-17.8)

Onur et al. Case-control 78 patients with unselected cancers ORO0.7
2012 50 healthy controls (0.2-8.9)




FVL and the risk of CVC-related VTE In cancer

Review: CVC (Versione aggiomata)
Comparison: 01 Factor V Leiden
Outcome: 01 Factor V Leiden
Study Thrombosis Control OR (fixed) Weight OR (fixed)
or sub-category N nN 95% ClI % 95% ClI
Sifontes, 1997 1/32 0/35 —t 4.80 3.38(0.13, 86.01)
Knofler, 1999 §/11 3/66 = 5.73 12.00(2.22, 64.93)
Ratcliffe, 1999 1/10 2/74 —— 4.51 4.00(0.33, 48.66)
Wermes, 1999 1/10 10/127 — 13.81 1.30(0.15, 11.32)
Fijnheer, 2002 7/33 6/244 —e 11.84 10.68 (3.34, 34.17)
Ruud, 2002 0/18 0/23 Not estimate
Mitchell, 2003 0/22 2/38 _— 19.08 0.32(0.01, 7.07)
Mandala, 2004 5/25 2/50 —— 11.21 6.00(1.07, 33.53)
Van Rodden, 2004 6/41 4/97 - 21.33 3.99(1.06, 14.97)
Abdelkefi, 2005 3/9 7/106 — 7.68 7.07(1.45, 34.46)
Total (95% Cl) 211 860 Eey 100.00 4.60 (2.63, 8.06)
Total events: 28 (Thrombosis), 36 (Control)
Test for heterogeneity: ¥2 = 7.87, df = 8 (P = 0.45), P = 0%
Test for overall effect: Z=5.34 (P < 0.00001) o R
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FV rs4524 and cancer-related VTE — The Tromsg Study

Case-cohort study

609 VTE patients and a sub-cohort of
1691 individuals

Those with FV rs4524 had a 4-fold
higher risk of cancer-related VTE

The risk was particularly high during the
first 6 months after cancer diagnosis

Cumulative Incidence
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Risk of VTE according to F5 rs4524 and cancer status

Cancer status

VTE
HR (95% Cl)

DVT
HR (95% Cl)

J3
HR (95% Cl)

No cancer 17 1.0 7 1.0 10 1.0
160 1.9 (1.2-3.1) 93 2.7 (1.2-5.8) 67 1.4 (0.7-2.6)
262 2.3(1.4-3.8) 47 3.1(1.5-6.6) 115 1.7 (0.9-3.3)
Active cancer 3 m 2 8.5 (1.8-41.0) 1 2.5(0.3-19.2)
44 15.9 (9.1-27.9) 26 23.9(10.4-55.3) 18  10.4 (4.8-22.6)
70 21.1(12.4-35.8) 39 29.7 (13.3-66.6) | 31 15.1 (7.4-30.9)

HRs adjusted for age and sex

Gran et al. Haematologl(za 2,0,15,1¢1/19//é
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Studies on F2 G20210A and cancer-related VTE

Study

Study design

Study population

Risk estimate

(95% Cl)

Pihusch et al. Cohort 175 patients with gastrointestinal RR 2.4
2002 carcinomas (0.6-9.9)
Paspatis et al. Case-control Zgzpiglzrr\]t;\g:;cczfl :3 rszclzaclt:z?jncer OR1.51
2002 (p>0.5, NS)

controls
Ramacciotti et al. Cohort 211 patients with unselected OR 1.2
2003 cancers (0.1-13.1)
gg(r)\;edy etal. Case-control 202 patients with solid cancers (%I.Rgiz)
Blom et al. Case-control 205 patients with unselected OR4.1
2005 cancers (0.3-17.8)
Curigliano et al. Casercontrol 50 breust concer pationtawithout O
2006 (1.1-34.3)

VTE
Mandala et al. Cohort 381 patients with breast or OR 1.46
2009 gastrointestinal cancers (0.18-8.38)
Onur et al. Case-control Z:niae?:nts with unselectec OR1.7
2012 (0.5-32.5)

50 healthy controls
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F2 G20210A and the risk of CVC-related VTE In

cancer

Review: CVC (Versione aggiornata)

Comparison: 02 G20210A prothrombin mutation

Qutcome: 01 G201210A prothrombin mutation

Study Thrombosis Control OR (fixed) Weight OR (fixed)

or sub-category n'N n'N 95% Cl % 95% Cl

Knofier, 1999 2/11 1/66 —— 8.53 14.00 (1.19, 175.90)
Wermes, 1999 1/10 3/127 — - 14.39 4.59 (0.43, 48.74)
Ruud, 2002 0/18 0/23 Not estimate
Mitchell, 2003 0/22 1/33 — 43.22 0.48 (0.02, 12.36)
Mandala, 2004 1/25 0/50 -_—r 11.61 6.18 (0.24, 157.38)
VanRod_den.2004 3/41 0/97 - 10.04 7.73 (0.89, 351.32)
Abdelkefi, 2005 0/13 1/106 —_—— 12.22 2.60 (0.10, 67.21)
Toxal(gs%cg 140 502 = 100.00 4.92 (1.69, 14.26)
Total events: 7 (thrombosis), 6 (control)

Test for heterogeneity: 2 = 3.56, df =5 (P =0.61), R=0%

Test for overall effect: Z=2.93 (P = 0.003)
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Group A Group B Group AB Group O

soee

Non-O blood type (rs8176719) and cancer-related VTE

Study Study population ?glzlz/eé:)lmate
(1]

Moreno et al. . . . . 27.1% vs. 21.9% (p=0.33)
2009 219 pts with myeloproliferative disorders O vs. non-0 blood group
Gran et al. 1767 subjects from the general

) HR 1.32 (0.95-1.83
2018 population and 634 VTE cases ( )
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Other established prothrombotic genotypes and
cancer-related VTE

Study SNPs studied Study population Results
Eroclu et al 60 cancer patients with VTE
g ) 3 SNPs in the FVII gene and 130 cancer patients No association with VTE.
2010 .
without VTE
Tiedje et al. fibrinogen -455G>A and FXIII
2011 & 1079 cancer patients No association with VTE
A Val34Leu
FVL, FV H1299R, FIl G20210A,
Onur et al MTHFR CO771, MTHFR 78 patients with No significant association
) A1298C, PAI-1 4G/5G, B- unselected cancers
2012 between any SNP and VTE

fibrinogen -455 G - A, FXIII
Val34Leu and Gpllla HPA-1a

50 healthy controls




Conclusions

Patient-related factors, including biomarkers (e.g. prothrombotic genotypes),
are import for cancer-related VTE

Many prothrombotic genotypes increase the risk of cancer-related VTE

Prothrombotic genotypes may have differential impact on the VTE risk in
subjects without and with cancer (synergistic effects)

Are prothrombotic genotypes attractive biomarkers to include in risk
prediction models?
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