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◆ A 67-year-old man receiving palliative chemotherapy for metastatic colon 

carcinoma is admitted to the acute medical assessment unit complaining of 

dyspnoea and pleuritic chest pain

◆ He undergoes a CT pulmonary angiogram (CTPA) which confirms a 

pulmonary embolism

A CASE OF DAILY CLINICAL PRACTICE 

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



THROMBOSIS AND CANCER

Questions?

1. Why did this occur? 

2. What is the influence in patient’s prognosis? 

3. What is the optimal management of this patient? 

4. Should this patient be managed differently if this were an incidental finding? 

5. Could this have been prevented? 

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



THROMBOSIS AND CANCER

Question 1

Why did this occur?

Image by James Heilman, MD (Own work) [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)  via 

Wikimedia Commons

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



• Of all cases of VTE:

– About 20% occur in cancer patients

• Of all cancer patients:

– 20% will have symptomatic VTE

– 50% have VTE at autopsy

• Compared to patients without cancer:

– Higher risk of first and recurrent VTE (3.2-fold)

– Higher risk of bleeding on anticoagulants (2.2-fold)

– Higher risk of dying (2.2-fold)

Incidence of CAT is increasing

Lee AY, Levine MN. Circulation. 2003;107:23 Suppl 1:I17-I21

Why You Should Care: 

Epidemiology in Cancer Associated Thrombosis (CAT) 



VIRCHOW'S TRIAD IN CANCER PATIENTS

◆ Direct invasion by tumour

◆ Prolonged use of CVC

◆ Endothelial damage by chemotherapy

◆ Effect of tumour cytokines on vascular 

endothelium

◆ Prolonged bed rest – patient immobility

◆ Surgical procedures 

◆ Extrinsic compression 

of blood vessels by tumour

◆ Increased blood viscosity

◆ More procoagulation factors due to hypoxia and/or inflammation

◆ Microparticles with Tissue Factor

◆ Pro angiogenic factors

◆ Increase in overall platelet activity

◆ Decrease in anticoagulant activities

◆ Decrease in fibronolytic activity

Translation in Matzdorff AC, Bell WR (1998). Thrombosis and embolie (1846-1856). Canton, Massachusetts: Science History Publications.

Changed blood composition

Alterations in the constitution 

of the blood (hypercoagulability)

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



JAMA 293: 715–722, 2005.
Arch Intern Med 162: 1245–1248, 2002.
Arch Intern Med 160:809-815, 2000.

Metastasis

Chemotherapy (6.5-fold) Surgery

• Patients with cancer have a 4 to 6-fold increased risk for VTE

• Risk factor assessment is an ongoing process

Dynamic Assessment for VTE under Active Cancer 

Changes in risk for Thrombosis 



The pathogenesis of a pro-thrombotic state in cancer involves:

◆ Production of proacoagulants by tumour cells

◆ Suppression of fibrinolytic activity

◆ Platelet activation

There is a close link between malignant transformation, tumour angiogenesis, metastasis 

and thrombosis

PATHOPHYSIOLOGY

ESMO Handbook of Oncological Emergencies 2016

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Tumor invasive growth & angiogenesis

Thrombin generation & elevated TF: Thrombin 

activates cell surface receptors (PAR1, PAR3 & PAR4) 

TF binds to FVIIa and activates PAR-2 which transduce 

signals that modulate cancer cell biological activities

Inflammatory cytokines

Proangiogenic factors

Release of IL-1b, IL1-8, TNF-a, VEGF 1-4

Chemotherapy induces inflammation of endothelium

Thrombosis

Activated Endothelium- Monocytes- Platelets

Production of TF, TF bearing microparticles, 

adhesion molecules (P-Selectin, E-Selectin, Integrins

ESMO – Medscape – Oncology 2019 



THROMBOSIS AND CANCER
Question 2

What is the influence in patient’s 

prognosis?

Image: Medical Images RM / STEVE OH, MS CMI

A blood clot in the pulmonary artery

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Cancer 

progression

71%

Thrombo-

embolism

9%

Infection

9%

Respiratory 

failure

4%

Bleeding

1%

Aspiration

1%

Other

6%

Unknown

4%

1. Khorana AA et al. J Thromb Haemost 2007
2. Kuderer NM et al Oncologist 2016

2nd leading cause of death in cancer patients

Accounts for 9% of deaths¹ 

Associated with early mortality during 

chemotherapy (HR=6.98)2

47-fold increased risk of mortality from VTE 

compared to patients without cancer1

VTE has been reported to be the most 

common cause of death at 30-day f/u among 

cancer patients undergoing surgery

Why You Should Care: 

Mortality & Thromboembolism



Why You Should Care: 

Consequences of Thromboembolism in Cancer Patients

Thromb Res. 2010;125:490–493

Arch Intern Med. 2004;164:1653–1661

Palliat Med. 2013;27:339–348

Patient Prefer Adherence. 2014;8:453–461

Clinicoecon Outcomes Res. 2013;5:101–108



THROMBOSIS AND CANCER

Question 5

Could this have been 

prevented?

Image by James Heilman, MD (Own work) [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)  via 

Wikimedia Commons

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Primary Thromboprophylaxis in Ambulatory Cancer Patients

Why? 

Whom? 

How?



Why Prevention of VTE in cancer patients is important?



Cancer Associated Thrombosis

~20% of all VTE cases are associated with cancer

2nd leading cause of death in cancer patients

Contributes to significant morbidity

• Interferes with cancer treatment

• Increases health care resource utilization

• Imposes emotional and economical burden

Burden will increase as prevalence of cancer increases

Anticoagulant therapy is the cornerstone of prevention and treatment

ESMO – Medscape – Oncology 2019 



Pathogenesis of Cancer-Associated Thrombosis

Virchow – triad model 1856

Damage to 

blood vessel 

wall

Hypercoagulability of 

plasma

Stasis of 

blood flow

Cancer and cancer therapies impact 

upon all aspects of Virchow's triad

ESMO – Medscape – Oncology 2019 



Different Types of Cancer Treatment 
Further Increase the Risk of Thrombosis

• Chemotherapy[a-e]

– Independent risk factor for thrombosis

– Overall risk increased 7-fold -- varies with type of drugs 

– Doxorubicin / Cisplatin /  Thalidomide / Lenalidomide /  Asparaginase

• Cancer surgery – especially major abdominal surgery[f]

• Hormonal therapy[f-h]

• Indwelling catheter[i]

• Immobility[i]

a. Leebeek FWG. Thromb Res. 2016;140 Suppl 1:S76-S80; b. Heit JA, et al. Arch Intern Med. 2000;160:809-815; c. Seng S. J Clin Oncol. 2012;30:4416-4426; d. Boyle EM, et 
al. Hématologie. 2013;19:33-40; e. Oppelt P, et al. Vasc Med. 2015;20:153-161; f. Elalamy I. J Thromb Haematost. 2017;15:848-857; g. Walker AJ, et al. Blood. 
2016;127:849-857; h. Klil-Drori, AJ, et al. Eur Urol. 201670:56-6;. i. Frere C, et al. Semin Oncol. 2014;41:319-338.



The Scale of the Clinical Challenge Posed by CAT?

England and Wales – APPTG report 2016

• Over 4000 cancer deaths per annum caused by CAT

• CAT-related deaths increasing year on year

– Ageing population / longer cancer survival / novel therapies

All-Party Parliamentary Thrombosis Group. APPTG report: VTE in cancer 2016

Many of these deaths may be preventable

ESMO – Medscape – Oncology 2019 



*Adjusted for  major confounders: Age, gender, race, cancer type, stage, year of therapy, 

chemotherapy type and dose intensity, major laboratory abnormalities, PS, BMI, and comorbid conditions

Kuderer et al Oncologist 2016

VTE  is an independent risk factor for 

mortality 

very early during 

the first 4 cycles chemotherapy in 

cancer patients of all stages

4,000 patient, prospectively collected clinical information in cancer patients starting chemotherapy:

Why You Should Care: 

Mortality in cancer patients with Venus Thromboembolism (VTE )  

With a HR of approximately 3, 

after a detailed adjustment for all 

major clinical confounders, 

Including cancer therapy and 

comorbid conditions.



227 patients locally advanced or metastatic pancreatic cancer with gemcitabine-based chemotherapy

Annals of Oncology 18: 1660–1665, 2007

Chemotherapy Yes No 

Median PFS 2.6 mo 5.1 mo

HR 3.04, 95% CI 2.12–4.36, P < 0.0001 

Yes

No

Yes

No

Chemotherapy Yes No 

Median OS 4.4 mo 9.9 mo

HR 1.95, 95% CI 1.32–2.87, P = 0.0008 

Patients with occurrence of VTE during chemotherapy had significantly 

worse PFS vs  patients without (median PFS 2.6 vs 5.1 months; 

HR 3.04, 95% CI 2.12–4.36, P < 0.0001).

Patients with occurrence of VTE during chemotherapy had significantly 

worse OS vs patients without (median OS 4.4 vs 9.9 months; 

HR 1.95, 95% CI 1.32–2.87, P = 0.0008).

Why You Should Care: 

Patients with VTE during chemotherapy had significantly worse PFS & OS



Khorana AA, et al. Cancer. 2013;119(3):648–55

INCIDENCE AND PREDICTORS OF VTE

◆ Among ambulatory high-risk cancer patients undergoing chemotherapy in the United States

N=17,284 and an age/sex-matched, non cancer control cohort were evaluated

Cancers: bladder, colorectal, lung, ovary, pancreas, or gastric cancers

Cancer cohort

n=2170

Controls

n=237

VTE over 12 months after the initiation of 

chemotherapy
12.6% 1.4% P<0.0001

Incidence range: from 8.2% for bladder cancer to 19.2% for pancreatic cancer

A large, contemporary, real-world analysis

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Thromboprophylaxis
Decrease in the incidence of 

all VTEs 
Prophylaxis NNT

Postoperative VTE1 5.6% ➔ 2.6% Extended vs conventional 40

Hospitalised patients2 5.0% ➔ 2.8% LMWH vs no 45

Outpatients on therapy3 3.9% ➔ 2.0% LMWH vs no 50–60

Outpatients on therapy at high risk 

(Khorana ≥3)4 21% ➔ 12% LMWH vs no 12–15

PROPHYLAXIS 

IN DIFFERENT CLINICAL SETTINGS

1. Fagarasanu A, et al. Ann Surg Oncol 2016;23:1422–30; 2. Agnelli G, et al. Lancet Oncol 2009;10(10):943–9; 

3. Verso M, et al. Int Emerg Med 2012;7:291–2; Khorana AA, et al. Blood 2015 126:427. 57th ASH Annual Meeting 2015, abstract 427

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Whom Ambulatory cancer patients should receive 
thromboprophylaxis?



◆ Primary Site

◆ Histology

◆ Grade

◆ Initial period 

◆ Platelet counts

◆ Leukocyte counts

◆ Hemoglobin

◆ Tissue factor

◆ D-dimer

◆ P-selectin

◆ Thrombin generation potential

◆ Age

◆ Ethnicity

◆ Comorbidities

◆ Surgery/hospitalisation

◆ Chemotherapy

◆ Anti-angiogenics

◆ CVCs

◆ ESA/transfusions

Khorana presentation in HESMO Conference 2017 , Athens 

Cancer-

related

Treatment

-related

Patient-

related

Bio-

markers

Preventing Thrombosis  in Cancer patients 

Risk Factors
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Khorana AA et al, Cancer 2012

Preventing Thrombosis  in Cancer patients 

Risk for VTE by Type of Malignancy



Cancer-Associated Thrombosis –

Different Pathogenic Mechanisms for Specific Cancers

◆ Hisada Y, Mackman N. Blood. 2017;130:1499-1506. 

ESMO – Medscape – Oncology 2019 



Metastatic-stage 
disease at the time of diagnosis

Regional-stage
disease at the time of diagnosis

California Cancer Registry. Arch Intern Med. 2006;166:458-464.

Preventing Thrombosis in Cancer patients : cancer related 

VTE within 2 years of diagnosis of 5 different types of cancer (235.149 cases)

Metastatic 

breast cancer 

has a 6 fold 

increase of VTE 

compared to 

localized 

disease.



J Thromb Haemost 2008; 6: 601–8

The California Cancer Registry : 91 933 patients with newly diagnosed lung cancer 

Preventing Thrombosis in Cancer patients : cancer related 

The rate of VTE was highest in patients with adenocarcinoma



JAMA 293: 715–722, 2005.
Arch Intern Med 162: 1245–1248, 2002.
Arch Intern Med 160:809-815, 2000.

Metastasis

Chemotherapy (6.5-fold) Surgery

• Patients with cancer have a 4 to 6-fold increased risk for VTE

• Risk factor assessment is an ongoing process

Dynamic Assessment under Active Cancer 

Changes in risk for Thrombosis 
Systemic chemotherapy, cancer 

hormonal therapy and other 

supportive measures

(e.g. erythropoietin stimulating 

agents) have been shown to 

increase that risk further





◆ Primary Site

◆ Histology

◆ Grade

◆ Initial period 

◆ Platelet counts

◆ Leukocyte counts

◆ Hemoglobin

◆ Tissue factor

◆ D-dimer

◆ P-selectin

◆ Thrombin generation potential

◆ Age

◆ Ethnicity

◆ Comorbidities

◆ Surgery/hospitalisation

◆ Chemotherapy

◆ Anti-angiogenics

◆ CVCs

◆ ESA/transfusions

Khorana presentation in HESMO Conference 2017 , Athens 

Cancer-

related

Treatment

-related

Patient-

related

Bio-

markers

Preventing Thrombosis  in Cancer patients 

Risk Factors



❑ More frequent in patients with known malignant disease than in the general 
population (>2-fold increased risk)

❑ Cancer patients have >3-fold risk of fatal PE despite prophylaxis

❑ 33% to 53% of VTE episodes occurring after hospital discharge 
❑ 40% of symptomatic VTE events occurred >3 weeks after surgery
❑ PE is the most common single cause of death (46%) at 30 days after surgery 

.

J Surg Oncol 2007; 96:265 
Cancer 2009; 115:5637
Ann Oncol 2010; 21:931
Ann Surg 2011; 254:1311
Ann Surgery 2006

Preventing Thrombosis in Cancer patients

Postoperative VTE in patients with cancer



Ann Surg. 2006;243:89-95

Preventing Thrombosis in Cancer patients

Postoperative VTE in patients with cancer : The risk depends on the primary tumor 



VTE / 2.4 months           VTE/month VTE /cycle
Cumulative rate                 

(95% CI)

1.93% 0.8% 0.7% 2.2% (1.7-2.8)

0.0%

0.5%

1.0%

1.5%

2.0%
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Khorana, Cancer, 2005.

Preventing Thrombosis in Cancer patients : Treatment related 

Incidence of VTE in ambulatory cancer patients undergoing chemotherapy 



Regimen Contribution to the risk 
VTE events rate or 

RR/Incidence

Cisplatin
/platinum based

◆ Elevated von Willebrand factor (vWF) levels
◆ Release of procoagulant  endothelial microparticles

↑Events 18,1%

L-asparaginase  
(lymphoblastic 
leukemia)

◆ Depletion of key proteins in the regulation of the 
coagulation pathway

◆ Synthesis of plasminogen and antithrombin (AT) is 
markedly impaired with asparaginase-based therapy

↑Incidence 4,2% 

5-Fluorouracil (5FU)

◆ Depletion of protein C and increased thrombin 
activity

◆ Endothelial cell damage with the potential to 
promote thrombus formation

↑Incidence (15%)  -
if combined with 

hematopoietic G-SFE 
(29%)

Tamoxifen and 
Aromatase Inhibitors

↑Risk 2,8% - if
Tamo+chemo

RR 15,5

Oppelt P, et al. Vasc Med 2015;20(2):153–61.

Preventing Thrombosis in Cancer patients : Treatment related 

Chemotherapy induced thrombosis 



• Sunitinib and sorafenib are associated with risk of arterial events [ RR 3.03 

(95% CI, 1.25 to 7.37; P=.015)]1 but not VTE2

• Risk of VTE with thalidomide- and lenalidomide-based regimens is well-

known3

• Anti-EGFR agents are associated with risk of VTE4

– RR 1.32 (95% CI 1.07–1.63; P = 0.01)

– Risk primarily with antibodies (RR 1.34; P = 0.01) not oral TKIs (RR 1.16; P 

= 0.65)

Preventing Thrombosis in Cancer patients : Treatment related 

Risk with Newer Agents



J Clin Oncol 30: 1-13, 2012

8,216 pts 38 RCTs

Preventing Thrombosis in Cancer patients : Treatment related 

Risk of VTE with Platinum Based chemo : Systematic Review and Meta-Analysis

•The incidence of VTEs was 1.92% (95% CI, 1.07 

to 2.76) in patients treated with cisplatin-based 

chemotherapy and 0.79% (95% CI, 0.45 to 1.13) 

in patients treated with non–cisplatin-based 

regimens.

•Patients receiving cisplatin-based chemotherapy 

had a significantly increased risk of VTEs (RR, 

1.67; 95% CI, 1.25 to 2.23; P= .01).

•Exploratory subgroup analysis revealed the 

highest RR of VTEs in patients receiving a weekly 

equivalent cisplatin dose  >30 mg/m2 (RR 2.71; 

95% CI, 1.17 to 6.30; P  .02).



Retrospective / 932 patients / treated with cisplatin-based chemotherapy 

at Memorial Sloan-Kettering  Center. NY,  in 2008

J Clin Oncol 2011; 29: 3466–73.

Time to thrombosis

18.1% experienced a TEE during treatment

88% of events 

occurred

within the first 100 

days 

of starting cisplatin

44% of all events were 

incidental 

Unacceptably high burden

Preventing Thrombosis in Cancer patients : Treatment related 

Cisplatin- based Chemotherapy &  ThromboEmbolic Events

➢Increased formation of pro-coagulant 

microparticles (tissue factor)

➢Damage to vascular endothelial cells 

➢Hypomagnesemia-related arterial 

constriction

➢Direct influence on thrombocytes

➢Elevation of von Willebrand factor plasma 

levels



Nalluri et al. JAMA. 2008;300(19):2277-2285

15 randomized controlled trials 7956 patients

Preventing Thrombosis in Cancer patients : Treatment related 

Relative Risk of VTE associated with Bevacizumab vs Control



J Natl Cancer Inst. 2006;98:708-714

57 randomized, controlled trials enrolling 9353 cancer patients 

67% increase 

Preventing Thrombosis in Cancer patients : Treatment related 

VTE  complications in cancer patients who received epoetin or darbepoetin



Thrombosis is Common in Cancer Patients 

Receiving Immunotherapy

Thrombosis is common in cancer patients 

receiving immunotherapy 

either as single-agent 

or combination regimens, 

affecting nearly one-third of all patients 

and may potentially be associated with 

worsened survival.

◆ Roopkumar J. et al. Blood. 2018; 132:2510



◆ Primary Site

◆ Histology

◆ Grade

◆ Initial period 

◆ Platelet counts

◆ Leukocyte counts

◆ Hemoglobin

◆ Tissue factor

◆ D-dimer

◆ P-selectin

◆ Thrombin generation potential

◆ Age

◆ Ethnicity

◆ Comorbidities

◆ Surgery/hospitalisation

◆ Chemotherapy

◆ Anti-angiogenics

◆ CVCs

◆ ESA/transfusions

Khorana presentation in HESMO Conference 2017 , Athens 
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related
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Preventing Thrombosis  in Cancer patients 

Risk Factors



 The risk of VTE increases progressively

 No plateau or reduction in VTE within 12 months of starting chemotherapy

The United States IMPACT health care claims database

27,479 patients on chemotherapy 

The Oncologist 2013;18:000–000

Colon/rectum    

Lung

Pancreas

Stomach

Bladder 9.8%

21.3%

13.5% Overall

Preventing Thrombosis in Cancer patients : Patient related 

Observational study: greater rates of VTE than reported in clinical trials



Scotte F. et al, Cancers 2019, 11, 48; doi:10.3390/cancers11010048 



Scotte F. et al, Cancers 2019, 11, 48; doi:10.3390/cancers11010048 

•Frailty is estimated to occur in 15–25%of community-dwelling older adults 

(≥65years and older)

•Frailty is usually designated as a multidimensional syndrome that includes loss 

of energy, physical ability, cognition, and health

•Major clinical trials generally do not include elderly frail patients



1. Scotte et al, Support Care Cancer, 2012: DOI 10.1007/s00520-012-1590-9

#Renal Insufficiency 
defined as 
GFR<90ml/min per 
1.73m2

*Chemotherapeutic 
agents requiring 
dose reduction 
/adjustment

Base: Belgian 
BIRMA Centers 
(n=1218 solid 
tumour patients)

Preventing Thrombosis in Cancer patients : Patient related 

Cancer patients experience frequent Renal Impairment and use of Nephrotoxic Chemotherapy

Both LMWH and DOACs may be used in patients with CrCl >15 

mL/min, with the exception of the DOAC dabigatran which should not 

be used in patients with CrCl <30 mL/min.



◆ Primary Site

◆ Histology

◆ Grade

◆ Initial period 

◆ Platelet counts

◆ Leukocyte counts

◆ Hemoglobin

◆ Tissue factor

◆ D-dimer

◆ P-selectin

◆ Thrombin generation potential

◆ Age

◆ Ethnicity

◆ Comorbidities

◆ Surgery/hospitalisation

◆ Chemotherapy

◆ Anti-angiogenics

◆ CVCs

◆ ESA/transfusions

Khorana presentation in HESMO Conference 2017 , Athens 
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Preventing Thrombosis  in Cancer patients 
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J Thromb Haemost 2015; 13: 1372-1382Vascular Medicine
Vascular Medicine2015, Vol. 20(2) 153– 161 Approach to chemotherapy-associated thrombosis

Preventing Thrombosis in Cancer patients : Biomarkers

Cancer cells exert a proacuagulant activity in their microenvironment



◆ Tissue factor (TF), a transmembrane glycoprotein, is a proacoagulant expressed by tumor cells. 

◆ Over expression of TF spontaneously releases microparticles into the bloodstream and these microparticles are 

proacoagulant. 

◆ TF induces production of vascular endothelial growth factor (VEGF) in human tumor cells, independently of its ability 

to activate factor Xa-catalysed conversion of prothrombin.

◆ TF high expression in glioma, pancreatic cancer, non–small-cell lung cancer, colorectal cancer, renal cell 

cancer, ovarian cancer, bladder cancer 

◆ The incidence of thrombosis in patients with tumors expressing higher levels of TF, such as brain and pancreatic 

cancer, is greater than in those with tumors expressing lower levels of TF, such as breast cancer

◆ Increases with advanced cancer stage

ESMO HANDBOOK OF ONCOLOGICAL EMERGENCIES 2016
J Clin Oncol 27:4834-4838, 2009

Preventing Thrombosis in Cancer patients : Biomarkers

Pathophysiology



Robert W. Colman J Exp Med 2006;203:493-495© 2006 Rockefeller University Press

Preventing Thrombosis in Cancer patients : Biomarkers

Are hemostasis and thrombosis two sides of the same coin?



van den Berg Y W et al. Blood 2012;119:924-932

Early growth response gene-1

“small” and “mothers 
against decapentaplegic

Preventing Thrombosis in Cancer patients : Biomarkers

Oncogenic events drive flTF expression 



G Gerotziafas ICTHIC 2018 

Whom Ambulatory cancer patients should receive 
thromboprophylaxis? Risk Assessment Methodology







Limitations of Khorana score:

-Low positive predictive value

-Majority of patients are classified  as “intermediated risk” 2. Which  is the 
right threshold ? 

-Not consistently effective for single sites of cancer e.g. lung 

-Important  parameters are not included such as  disease stage, type of 
anticancer treatment, time of diagnosis, history of VTE, etc



Primary Thromboprophylaxis for Ambulatory oncology 
patients – with which drug?



Major cancer 

surgery

Cancer Patients

Clinical setting

Hospitalization for 

acute medical illness

Outpatient

chemotherapy

ENOXACAN-1

ENOXACAN-2

@RISTOS  

MEDENOX

PREVENT

EXCLAIM

PROTECHT

CONKO-004

FRAGEM

SAVE-ONCO

CASSINI
AVERT 

Preventing Thrombosis in Cancer patients



A. Falanga 2019, VIII Foro de Oncología sobre Trombosis

LMWHs for primary thromboprophylaxis of CAT 



> 70 000 doentes; 17 RCTs

➢ LMWH is the preferred 
agent for the high risk 
patient 1,2,3,4,5,6,7

Primary Thromboprophylaxis: LMWHs Clinical Trials  

1. Key et al. 2019. Venous Thromboembolism Prophylaxis and 

Treatment in Patients With Cancer: ASCO Clinical Practice

Guideline Update. jco.org on August 5, 2019: DOI https://doi. 

org/10.1200/JCO.19. 0146; 2. NCCN Clinical Practice Guidelines

in Oncology (NCCN Guidelines™). Cancer-associated venous

thromboembolic disease Version 1, 2019; 3. ESMO:Annals of

Oncology 22 (Supplement 6): vi85–vi92, 2011; 4. Kearon C et al. 

Chest 2016;49:315–352; 5. Lancet Oncol 2016; 17: e452–66; 6. 

www.GESCAT.pt; 7- Wang et al. 2019.The use of direct oral 

anticoagulants for primary thromboprophylaxis in ambulatory 

cancer patients: Guidance from the SSC of the ISTH. J Thromb

Haemost. 2019;00:1–7. DOI: 10.1111/jth.14564



Song A.B. et al, Vascular Health and Risk Management 2019:15 175–186 

DOAC utility for primary prophylaxis of VTE 



Vulsteke C., ESMO 2019

VTE PROPHYLAXIS DURING SYSTEMIC CHEMOTHERAPY



Vulsteke C., ESMO 2019

VTE PROPHYLAXIS DURING SYSTEMIC CHEMOTHERAPY

In both trials there was a consistent – even small- increase in major bleedings by 1%



DO DIRECT FACTOR XA OR IIA  INHIBITORS 

HAVE A ROLE IN  CANCER-ASSOCIATED VTE?

Apixaban, rivaroxaban, and

dabigatran approved for

◆ the prevention of VTE during  

major orthopedic surgery

◆ the prevention of stroke in  

atrial fibrillation

Rivaroxaban for the treatment

of VTE

Gómez-Outes A, et al., Vasc Health Risk Manag 2013;9:207–28. Creative Commons Attribution - Non Commercial (unported, v3.0) License  

(https://creativecommons.org/licenses/by-nc/3.0/).



◆ DOACs are now approved by the US Food and Drug Administration and European Medicines 

Agency for selected indications in VTE prevention and treatment, but are not routinely 

recommended in cancer patients. These agents inhibit activated factor X (rivaroxaban, 

apixaban, edoxaban) or thrombin (dabigatran etexilate)

◆ The major concerns about DOACs in cancer patients include unpredictable absorption and 

higher risk of GI bleeding in patients with mucositis, inability to measure the 

anticoagulant activity by using standard assays, potential interaction with hormonal and 

chemotherapeutic agents, altered metabolism in patients with renal dysfunction or hepatic 

metastasis, and lack of antidote when patients are actively bleeding

DIRECT ORAL ANTICOAGULANTS (DOACS)

ESMO Handbook of Oncological Emergencies 2016

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



◆ Use of LMWHs for cancer patients with high 

risk of bleeding, including: patients with 

luminal gastrointestinal cancers with an intact 

primary; cancers from genitourinary tract, 

bladder or nephrostomy tubes; or patients with 

active gastrointestinal mucosal abnormalities 

such as duodenal ulcers, gastritis, esophagitis 

or colitis.

◆ Use of LMWHs for cancer patients with low 

risk of bleeding

◆ Use of specific DOACs (edoxaban and 

rivaroxaban) for cancer patients with low risk of 

bleeding and no drug-drug interactions with current 

systemic therapy. 

J Thromb Haemost. 2018 Sep;16(9):1891-1894
M. Carrier et al, Curr Oncol. 2018 Oct;25(5):329-337
Song A.B. et al, Vascular Health and Risk Management 2019:15 175–186 

Treating Thrombosis in Cancer patients - How we start  the first 6 months  ?

Role of DOACs in treatment of CATs: guidance from the SSC of the ISTH 

•Anticoagulated cancer patients also have a 2-3 fold increased rate of 

major bleeding compared to anticoagulated patients without cancer.

•These findings may be related to drug–drug interactions with cancer-

directed treatments, nausea, poor oral intake, thrombocytopenia, and 

metabolic derangements affecting anticoagulant levels



The extent to which plasma concentrations of DOACs are influenced by inducers or inhibitors of CYP3A4 and P- protein is unknown

Blood. 2019;133(4):291-298

*Exceptions: erlotinib, gefitinib, and sorafenib

*

Treating Thrombosis in Cancer patients - How we start  the first 6 months  ?

Cancer-therapy–specific inhibitors and inducers of CYP3A4 and P-glycoprotein 

In case of treatment with edoxaban and concomitant potent P-glycoprotein inhibitor, a 

reduced dose of edoxaban is indicated (30 mg once daily). 



Blood. 2019;133(4):291-298
*mTOR inhibitors: exception of everolimus

*

Treating Thrombosis in Cancer patients - How we start the first 6 months  ?

Cancer-therapy–specific inhibitors and inducers of CYP3A4 and P-glycoprotein 





1. Key et al. 2019. Venous Thromboembolism Prophylaxis and Treatment in Patients With Cancer: ASCO Clinical Practice Guideline Update. jco.org on August 5, 2019: DOI https://doi. org/10.1200/JCO.19. 0146; 2. NCCN Clinical Practice Guidelines in 

Oncology (NCCN Guidelines™). Cancer-associated venous thromboembolic disease Version 1, 2019; 3. ESMO:Annals of Oncology 22 (Supplement 6): vi85–vi92, 2011; 4. Kearon C et al. Chest 2016;49:315–352; 5. Farge et al. Lancet Oncol 2019, 

http://dx.doi.org/10.1016/S1470-2045(19)30336-5

SCR – Systemic  Chemotherapy Regimen; MM – Multiple Myeloma; CT- Chemotherapy; DDIs – Drug to Drug Interactions; GI – Gastrointestinal; RAM – Risk Assessment Model

Primary Thromboprophylaxis for Ambulatory cancer patients - Guidelines
ASCO 2019 1 NCCN 2019 2 ESMO 2011 3 ACCP 2016 4 ISTH 2019 5
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Not routinely recommended (1B-A)

High-risk cancer patients, Khorana≥2 starting 

SCR and low bleeding risk (2B-A)

Recommended in patients with MM under 

thalidomide or lenalidomide with CT and / or 

Dexamethasone (1B)

Not routinely recommended

Consider in high risk patients 

(Khorana ≥ 3)

Recommended in patients with MM 

under thalidomide or lenalidomide

Not routinely recommended

Consider in patients with MM 

under thalidomide or 

lenalidomide combined with 

SCR

Not routinely recommended

Consider in patients at high risk 

for VTE (prior VTE, 

immobilization, hormone 

therapy, angiogenic inhibitors, 

thalidomide, lenalidomide) and 

low bleeding risk.

1-Recommended in patients with locally advanced or 

metastatic Pancreatic cancer under SCR and low 

bleeding risk.

2-Recommended in patients on immunomodulatory 

drugs combined with steroids and/or other SCR

3- Recommended in intermediate-to-high risk VTE 

patients identified by type of tumor (e.g. Pancreatic) 

or validated by a RAM (e.g. Khorana≥2) starting SCR 

without active bleeding or at a high risk of bleeding.

R
e
g
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n

Analyze with patients the benefits/risks and 

duration of therapy.

LMWH (2B)

Apixaban (2B-A) and Rivaroxaban (2B-A) 

only in the absence of DDIs

Low risk MM: Aspirin or LMWH (1B)

High risk MM: LMWH (1B)

High prophylactic doses of LMWH 

in high-risk patients

Fondaparinux, HNF, INR-adjusted 

warfarin

Aspirin in patients with MM and low 

risk of VTE

LMWH 

MM: LMWH, aspirin, INR-

adjusted Warfarin

LMWH

UFH

1- LMWH

2- Prophylactic LMWH combined with low-dose 

aspirin or low-dose AVK

3- Apixaban and Rivaroxaban for 6 months

http://dx.doi.org/10.1016/S1470-2045(19)30336-5


Considerations…

Primary 

Thromboprophylaxis 

Song A.B. et al, Vascular Health and Risk Management 2019:15 175–186 



Considerations for specific clinical conditions:

-LMWH are preferred for recurrent VTE treatment over AVKs and DOACs are 
advised for switching

-LMWH are preferred for catheter-related thrombosis (CRT) during at least 3 
months treatment

-LMWH are the only anticoagulant agent advised for the obese patient with 
cancer and for the chirurgical patient is indicated in a higher dose



Anticoagulant Choice

Factors to consider in choosing which anticoagulant to use:

• Risk of recurrent VTE 

– Cancer status, type, and treatment

– Symptomatic vs incidental

– Risk of serious bleeding

– Thrombocytopenia or antiplatelet therapy

– GI toxicity, GI or GU lesion

– Renal or hepatic impairment and other comorbidities 

Drug-drug interaction (P-glycoprotein and CYP3A4)

Drug accessibility

Patient values, preferences and experience, and prognosis

Patient selection is key

ESMO – Medscape – Oncology 2019 



◆ Thrombosis in cancer patients is a common, costly and potentially fatal complication 

◆ Patients at highest risk are those with advanced disease receiving systemic chemotherapy and other additional 

risk factors   

◆ Primary prophylaxis is not routinely indicated but could be discussed with pts at high risk

◆ Selected cancer patients benefit from extended prophylaxis up to 4 weeks after surgery

◆ Prophylaxis in hospitalised patients is a safety priority

◆ LMWH  is the “best” category available for patients with established VTE and PE, for long-term (6 months) 

secondary prophylaxis

CONCLUSIONS 

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf







Take Home Messages!

Please remember to assess the risk of CAT for all oncology 
ambulatory patients (at least using Khorana score)

Discuss with your patients CAT issues (signs, symptoms, 
complications, etc)

Do not forget or ignore the incidental CAT and the 
thromboprophylaxis for hospitalized cancer patients

Discuss the pros and cons (pos or neg)of primary 
thromboprophylaxis for ambulatory cancer patients



Take Home Messages!

- Taking everything into account  in order to decide the type of 
drug for primary thromboprophylaxis (risk of CAT, risk of 
bleeding, type of cancer, stage of disease, toxicities of 
anticancer treatment, DDIs, renal or liver impairment, 
impaired GI absorption, patient preferences and history etc)

- The route of administration is not per si a determinant factor 
of patient adherence. The patient education is crucial! 



Questions?

email: tsoukn@yahoo.gr

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf



Thank you!

Nikolaos Tsoukalas, https://oncologypro.esmo.org/content/download/127803/2410452/file/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf


