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Abstract 

Venous thromboembolism along with peripheral arterial thrombosis and cardio toxicity are some terms from the 

vocabulary of Oncologists that have been used increasingly in recent years. Several mechanisms have been related to the 

increased thrombotic complications observed in patients with cancer: 1) the expression of tissue factor by circulating 

tumor cells, 2) the shedding of pro coagulant micro particles by malignant cells, 3) the interaction of cancer cells with 

blood platelets, 4) the generation of neutrophil extracellular traps and 5) the secondary deleterious effects of anti-cancer 

therapies. Cancer patients with venous thrombosis experience 3fold higher rates of recurrences and 2fold major 

anticoagulation-associated bleeding complications than do patients without cancer. Anticoagulation treatment for venous 

thromboembolism differs in various groups of patients suffering from malignancies and demands a detailed knowledge of 

advantages and side effects of available medications. Low Molecular Weight Heparins are the first line choice, followed by 

vitamin K antagonists, which are widely used when treatment has to be prolonged. The new oral anticoagulants have 

been proven effective for venous thromboembolism (in general) and for atrial fibrillation embolic disease and thus are 

promising, though more studies are needed in order to investigate their detailed behavior in cancer populations. The 

emerging interplay between Oncologist and Cardiologists is a new provocation for the two specialties, which will 

probably impel them to specify a new subspecialty, the Cardio Oncology. 
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Abbrevations: VTE: Venous Thromboembolic Event; 
TF: Tissue Factor; MPs: Microparticles; NETs: Neutrophil 
Extracellular Traps; VEGF: Vascular Endothelial Growth 
Factor; Ctcs: Circulating Tumor Cells; NK: Natural Killers; 
Cfdna: Cell Free DNA; LMWH: Low Molecular Weight 
Heparin; Noacs: New Oral Anticoagulants; VKA: Vitamin K 
Antagonists; P-Gp: P-Glycoprotein; VS: Versus; IV: 

Intravenous; SC: Subcutaneous; INR: International 
Normalization Ratio; PE: Pulmonary Embolism. 
 

Introduction 

     Cancer is a complex multi-dimensional clinical entity, 
due to different types of neoplasms based on primary 
localization, histology, stage, chemotherapeutic options, 
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and due to a variety of complications that affect various 
systems as well.  
 
     Thromboembolism is one of the most intriguing 
complications, and it is the second leading cause of death 
in cancer patients in recent years [1]. The latest 
pharmacological advances of Cardiology in the area of 
prevention and treatment of thromboembolism, in 
general, have created a new field open for a distinctive 
cooperation between Cardiologists and Oncologists.  
 

Thromboembolic Disease with 
Undiagnosed Cancer 

     The occurrence of a new unexpected venous 
thromboembolic event (VTE) in a patient without any 
previous comorbidity must raise the suspicion of a 
possible undiagnosed neoplasm. A significant percentage 
(10-20%) of patients presented with idiopathic VTE is 
subsequently diagnosed with cancer during the first year 
of follow-up [1,2]. 
 
     There are 5 variables that may raise the suspicion of a 

hidden cancer after an episode of VTE: a) no profound 
etiology (idiopathic), b) age 60–75 years, c) bilateral 
thrombosis, d) anemia [3] and e) recurrence of idiopathic 
venous thrombosis, despite antithrombotic treatment, 
especially during the first six months of follow-up (odds 
ratio: 4,3) or during the first year of follow up (odds ratio: 
3,2) [4,5]. 
 
     Patients with idiopathic VTE have a 2-4fold increased 
risk for a tumor diagnosis in pancreas, ovary, liver, brain, 
or for a lymphoma, especially during the first year while 
the majority of these patients will be presented with 
advanced disease stage (40 % with distant metastases, 25 
% with regional spread of cancer, and 36 % with no 
spread) [5-8]. 
 

Cancer and Risk Factors to Develop 
Thromboembolic Disease 

     The risk factors associated with the development of 
thromboembolic complications can be divided into 
patient characteristics, comorbidities, plasma biomarkers, 
tumor factors, and types of treatment (Table 1) [1,6,9-12]. 
 

 
Patient 

Characteristics 
Female Sex Older Age Black Ethnicity Obesity 

Comorbidities Previous VTE Inherited thrombophilia, Diabetes Mellitus Venous Insufficiency 

Plasma Biomarkers 
Pre-chemotherapy 

platelet count 
≥350,000/mL 

Pre-chemotherapy 
leukocyte count 

≥11,000/mL 

Elevated D-dimer & C-
reactive protein 

High Tissue Factor 
plasma levels 

Tumor factors 

gastrointestinal, brain, 
lung, gynecologic 

genitourinary cancer, 
lymphoma 

extent of disease duration of cancer 
circulating tumor  

cells 

Type of treatment 
Major surgery, 

abdominal surgery 
prolonged hospitalization, 

& immobilization 

chemotherapeutic 
hormonal, 

antiangiogenic, & 
erythropoiesis agents 

Central venous 
catheters 

Table 1: Risk factors for the development of thromboembolic disease in patients with cancer. 
 
     Platelet’s function is of major importance in cancer 
patients, as they contribute to cancer development, 
metastases and VTE complications. High platelet counts 
have been linked to increased metastasis and poorer 
outcomes in multiple types of cancer. Platelets can bind to 
tumor cells via P-selectin and glycoproteins and they 
release angiogenic and growth factors inducing tumor 
growth and metastasis [13,14]. Apoptotic cells and cells 
that have undergone oncogenesis release pro coagulant 
micro particles (MPs) which are small (0.1-1.0 μm) 
membrane vesicles charged with Tissue Factor (TF) on 

their surface, which in turn activate more platelets 
[13,15,16]. 
 
     Activated platelets which are adhered on tumor surface 
may shield tumor cells from Natural killer (NK) cells, 
hampering them from killing the tumor cells or/and may 
interact with neutrophils undergoing cell death which are 
able to release chromatin fibers composing neutrophil 
extracellular traps (NETs). Neutrophil extracellular traps 
attract more fibrin deposition locally thus increasing their 
size. Additionally, platelets are a primary source of 
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vascular endothelial growth factor (VEGF), a growth 
factor which increases vascular permeability, promotes 
extravasation, and is critical for angiogenesis [13,16]. 
 
     Tissue factor (TF) is considered as a thromboembolic 
risk factor, because it is a molecule which is expressed by 
vascular and tumor cells, resulting in potent and 
continuous activation of coagulation which consequently 
increases thrombin generation. Additionally, TF is linked 
to the production of the VEGF, which increases vascular 
permeability allowing exposure to coagulation factors [6]. 
Tissue factor-positive MPs enhance thrombosis in mouse 
models and are elevated in the plasma of pancreatic 
cancer patients [16]. 
 
     Tissue factor is widely considered to be the major 
molecular driver of cancer-associated coagulopathy and 
thromboembolic disorders [17,18]. Cancer cells circulate 
in the bloodstream, referred to as circulating tumor cells 
(CTCs), adhere to the luminal wall of micro-vessels 
(arterioles and capillaries) and migrate into the 
surrounding tissues, to eventually form secondary 
colonies. It has been hypothesized that circulating tumor 
cells may escape from NK cells by inducing the formation 
of a platelet-fibrin rich micro-emboli. In addition, fibrin 
(which is induced by TF from cancer cells surface) was 
found to envelop cancer cells, preventing their 
recognition by NK cells [18].  
 

Chemotherapy Associated Thrombosis 

     Chemotherapy associated vascular toxicity involves 
various pathophysiologic mechanisms like a) vasomotor 
factors causing vasoconstriction, b) vascular smooth 
muscle cells contraction, c) endothelial dysfunction 
(endothelin-1 over expression, nitric oxide and 
prostacyclin inhibition) promoting hypertension and 
ischemia, while oxidative stress and pro-inflammatory 
cytokines are produced, thus promoting platelet 
activation and thrombosis [19].  
 
     The concentration of cell-free DNA (cfDNA) circulating 
in the blood is increased as a result of chemotherapy and 
it has been shown to induce thrombin generation [18]. 
Different chemotherapeutic agents, including 
cyclophosphamide, methotrexate, 5-fluorouracil, cisplatin, 
gemcitabine, doxorubicin, epirubicin, daunorubicin, and 
antiangiogenic agents have been found to greatly 
potentiate the aberrant hemostatic response leading to an 
increased risk of VTE and associated mortality [18,20]. 
 
 

Treatment of VTE 

     Cancer patients experiencing VTE have a significantly 
worse clinical outcome than cancer patients without VTE. 
The Danish Cancer Registry indicated an increased risk of 
mortality in tumor patients with VTE compared to those 
without VTE. Possibly, patients with malignancies and 
VTE represent a cohort of more aggressive tumors 
accompanied with clotting system deregulation [4,21]. 
 
     Various aspects in the treatment of cancer-associated 
VTE deserve special attention, because the clinician must 
answer to a variety of questions. Which is the 
recommended treatment and in what dosing? Which is 
the optimal duration of anticoagulation? How should we 
treat cancer patients undergoing surgery? How can we 
respond facing thrombocytopenia during anticoagulation 
treatment? What should be done when an asymptomatic 
and unexpected venous thrombosis is diagnosed in a 
patient with cancer? 
 

Which Treatment and In What Dosing? 

     Treatment of choice is the group of Low Molecular 
Weight Heparins (LMWH) undoubtfully [22]. Long-term 
treatment with LMWH is considered safer and more 
efficacious than standard Vitamin K Antagonists (VKA) 
therapy, based on the results from the CLOT and CATCH 
[23,24]. Warfarin was inferior to Dalteparin in terms of 
risk for recurrent thromboembolism in the CLOT trial 
(17% versus 9%, p = 0.002) with the same bleeding 
frequency and with no difference in mortality, while the 
same inferiority has been proven in the CANTHANOX 
randomized clinical trial [25]. 
 
     In the group of patients who experience a recurrence 
while receiving VKA therapy, LMWH is preferred over 
increasing the intensity of VKA therapy, due to the 
superior efficacy of LMWH and due to the bleeding risk 
when INR fluctuates around a higher target [6]. 
 
     Although LMWH is generally accepted as the treatment 
of choice, this is not reflected in recent physicians’ 
surveys. Anticoagulation with VKAs is the first choice of 
physicians in the FRONTLINE survey of 3891 physicians 
treating cancer patients, where oral Warfarin was favored 
for long-term treatment of VTE (66–80%) [26]. Similarly, 
the majority of patients with cancer-associated VTE were 
treated with long-term VKAs (81%) as opposed to LMWH 
monotherapy (19%) in a retrospective cohort study [27].  
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The reasons for the choice of VKAs included lack of 
coverage or inability to afford LMWH (49%), physician 
preference (32%), refusal of long-term injections (13%), 
heparin-induced thrombocytopenia (2%), and renal 
failure (2%) [6].  
 
     Treatment prolongation for over 6 months with LMWH 
may add certain problems to the clinician, such as 
treatment adherence, quality of life, medication costs and 
cutaneous complications from multiple injections usage. 
The recent 2012 ACCP guidelines downgraded the 
recommendation for LMWH in this setting from 1A to 2B, 
recognizing the burden (financial and lifestyle) that is 
imposed to patients from daily injectable LMWH 
treatment [28]. 
 
     Rivaroxaban, apixaban and edoxaban as well as the 
direct thrombin inhibitor dabigatran, (NOACs) may offer a 
precious therapeutic alternative to LMWH in special 
subgroups of cancer patients, albeit until now no clinical 
trial has presented a head-to-head comparison of NOACs 
vs LMWH in cancer patients with acute VTE [21,22]. 
 
     In a recent study of cancer patients with VTE treated 
with rivaroxaban(20 mg) for secondary prophylaxis, the 
rivaroxaban group showed noninferior efficacy vs 
enoxaparin, followed by VKA (2,1% vs 3% respectively), 
while rivaroxaban had superior efficacy [1.3%], vs. 
placebo [7.1% hazard ratio, 0.18] to prevent recurrent 
VTE [29].  
 
     NOACs is a therapeutic option in cancer patients with 
VTE when subcutaneous injections represent an everyday 
difficulty (as it is observed in patients with coexisting 
diabetes mellitus on insulin), when the treatment has to 
be continued beyond 6 months, or in those patients with 
heparin-induced thrombocytopenia. A diabetic patient 
will find difficulties to follow a plan with 3 and 4 
subcutaneous injections per day, while the sites of 
injections must be carefully selected to avoid cutaneous 
complications. 
 
     However, Gastrointestinal Cancer, Liver metastases, 
hepatotoxicity or renal dysfunction from anticancer 
treatment along with vomiting, nausea, or diarrhea may 
limit the choice of NOACS or VKA as an antithrombotic 
treatment alternative. Especially for VKA, patient’s quality 
of life under chemotherapy is further compromised by the 
need of frequent blood test assessments of INR, which is 
difficult to be standardized for longer intervals at the 
optimal level of 2 to 3 [30]. 
 

     Another parameter that might influence the efficacy of 
rivaroxaban and apixaban in cancer patients is the co-
administration of anticancer or other drugs, which are 
CYP3A4 cytochrome subunit inducers, or inhibitors of P-
glycoprotein (P-gp). This parameter has not been 
controlled in the above mentioned trials [31].  
 
     In contrast, dabigatran is a regimen which presents no 
involvement to CYP450 enzymes and imposes limited 
drug interactions only to the P-gp inhibitors, but needs 
proper renal function. The most common adverse 
reactions of dabigatran treatment are dyspepsia and 
gastritis-like symptoms [31].  
 
     Cancer patients are at risk of opportunistic infections 
or fungal infections, thus they may receive P-gp inhibitors 
or inhibitors of CYP3A4. For this reason, administration of 
orally active NOACs in cancer patients should be 
particularly cautious. NOACs should not be used as first-
line therapy for VTE in patients with advanced 
gastrointestinal cancers [30,31]. Some classes of 
chemotherapy appear to almost universally interact with 
CYP3A4, P-glycoprotein, or both. These include the 
antimitotic microtubule inhibitors (e.g., vinca alkaloids 
and taxanes), tyrosine kinase inhibitors (with the 
exception of erlotinib, gefitinib, and sorafenib), and the 
immune-modulating agents, including glucocorticoids and 
mammalian target of rapamycin (mTOR) inhibitors (with 
the exception of everolimus) [32].  
 

Duration of Anticoagulation 

     To date, no study has specifically evaluated the optimal 
duration of anticoagulation in the setting of cancer-
associated VTE in order to avoid recurrences [21]. The 
CANTHANOX and LITE studies presented their results 
with three months anticoagulation treatment, while in the 
CLOT, ONCENOX, and CATCH trials, anticoagulant 
treatment lasted six months [33,34]. Patients with 
persistent active cancer were followed for 12 months in 
the DALTECAN study. The patients in this study had an 
ongoing high risk of VTE recurrence, but this risk was 
significantly reduced from 5.7% during the first month to 
3-4% per month over the 11 following months [35]. 
 
     Optimally, at six months of anticoagulation, the 
presence of residual vein thrombosis must be reevaluated 
to assess any residual thrombus in order to decide the 
prolongation of the treatment. Low risk cases with 
resolution of thrombus are candidates for discontinuation 
of anticoagulation or for dosing reduction. 
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Cancer Patients Undergoing Surgery 

     Cancer surgery is an established risk factor for VTE, 
and LMWH is the treatment of choice for at least 10 days 
post discharge because LMWH significantly decreased the 
risk of VTE by nearly 40% with no excess risk of bleeding. 
Prophylaxis with LMWH for an extended period up to 4 
weeks post discharge is safe but not very well 
documented so as to be applied for routine prescription 
[6].  
 

The Problem of Thrombocytopenia 

     Systemic infections, bone marrow complications and 
myelotoxic anticancer treatments might lead to 
thrombocytopenia. The platelet level of 50x 109/L is the 
cut-off point which will affect the decision to stop 
anticoagulation, in a patient with a prior VTE, in order to 
avoid hemorrhagic complications. As the risk of 
recurrences is higher for the period 1-3 months post VTE 
diagnosis and diminishes thereafter to insignificant 
percentages, discontinuation of anticoagulation must be 
considered, if treatment has already been given for a 3 
months period. The management of thrombocytopenic 
cancer patients with dose-adjusted LMWH is the only 
choice and recommendations should be based on experts’ 
opinion and empirical knowledge [21]. 
 

Unexpected VTE without Symptoms in Cancer 
Patients 

     Routine imaging tests for cancer staging reveals a small 
percentage of asymptomatic VTEs (8% on cisplatin-based 
chemotherapy).If peripheral vessels are involved, there is 
a question, whether these patients would benefit from 
anticoagulation treatment, the same as in patients with 
symptomatic VTE. However guidelines recommend 
standard anticoagulant treatment for all cancer patients 
diagnosed with incidental VTE, for at least three months 
[21]. 
 

VTE Prevention in Cancer 

    All the above information leads us to a basic and 
reasonable question; “Can we predict, or prevent a VTE in 
cancer patients?” Indeed, prevention with LMWH is 
needed for 3-4 weeks in patients with major abdominal or 
pelvic surgery and a low risk of bleeding. Hospitalized 
cancer patients with reduced mobility are also candidates 
for thrombo prophylaxis with LMWH or fondaparinux 
[21]. 
 
     However ambulatory cancer patients form quite a 
different group. The SAVE-ONCO trial [36]. Studied 3,212 

unselected patients, receiving ambulatory systemic 
chemotherapy for locally advanced or metastatic lung 
(36.6 %), or colorectal (28.9 %) cancer and presented a 
benefit of 2 less VTE when you treat 100 patient with 
semuloparin (an ultra-LMWH, 20 mg daily) for 3,5 
months versus placebo. Almost the same magnitude of 
prevention was published in the PROTECHT trial, where 
LMWH nadroparin was used versus placebo [37]. 
 
     The pre-mentioned results underline the need for a 
better risk stratification and this was firstly developed 
and validated by Khorana and colleagues [11]. They 
published a risk model based on the following 
parameters, 1) Site of cancer; Stomach, pancreas = 2 
points, Lung, lymphoma, gynecologic, genitourinary 
excluding prostate= 1 point, 2) Pre-chemotherapy platelet 
count ≥ 350 x 109/L = 1 point, 3) Pre chemotherapy 
leukocyte count >11 x 109/L = 1 point, 4) Hemoglobin 
level < 10 g/dL or use of red cell growth factors =1 point, 
5) Body mass index ≥ 35 kg/m² = 1 point. Patients with a 
total score of ≥ 3 are at high risk for venous 
thromboembolism.  
 
     Three more studies have proposed slightly different 
prevention models, trying to improve the performance of 
Khorana score. All three were based on the main body of 
Khorana score. The CATS score added the biomarkers D-
dimer≥ 1.44 μg/mL and soluble P-selectin ≥ 53.1 ng/mL 
counting 1 point each. The PROTECHT score included 
carboplatin/cisplatin-based chemotherapy for 1 point and 
Gemcitabine-based chemotherapy for 1 point while the 
CONKO score replaced the BMI with the Karnofsky 
performance status [38-40]. 
 
     All four scores were directly evaluated in a cohort of 
876 cancer patients, with advanced malignancies, for 6 
months where 6% of patients presented a new VTE 
diagnosis, but their performance was moderate [41]. 
These results emphasize that the predisposition of cancer 
patients to thrombosis is not only multidimensional, but 
complex as well and these scores reflect a part of the total 
“thromboembolic picture”.  
 
     In contrast patients with pancreatic cancer and 
metastases, multiple myeloma under thalidomide 
treatment, or small-cell lung cancer need no risk 
stratification, as these malignancies independently 
impose high risk for thrombotic events.  
 
     A recent Cochrane systematic review of nine 
randomized controlled trials (including PROTECHT) 
addressed the efficacy and safety of anticoagulants in 
ambulatory cancer patients receiving chemotherapy 
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without VTE [42]. LMWH, but not warfarin, reduced 
symptomatic VTE with a non-significant increase in major 
bleeding (RR 1.57; 95% CI 0.69–3.60), as compared with 
inactive control. 
 
     Currently, international guidelines do not recommend 

routine thrombo-prophylaxis in ambulatory cancer 
patient’s undergoing treatment with chemotherapy, 
except for those with multiple myeloma receiving 
thalidomide or lenalidomide in addition to chemotherapy 
or dexamethasone. 

 
Clinical Question Duration Treatment Additional Measures &Precautions 

1st episode of acute DVT 

Initial  
Treatment 

5 - 10 days (1C) 
LMWH (SC) or Fondaparinux or  

UFH (IV or SC) (1A) 

Against the use of non-steroidal  
anti-inflammatory agents (2B); 

Against Immobilization (1B) 

Prolonged 
Treatment 

3-6 months according to risk 
factors (1A) >6 months if high 

risk 
LMWH (SC) or Fondaparinux (2B) Thrombocytopenia; Bleeding risk 

>6 months if high risk 
VKA, if SC injections are not  

tolerated, INR 2-3 
Monitor INR; Bleeding risk 

until the cancer is resolved  
(1C) 

VKA target INR 2-3 (2A) Altered INR from other medications 

Indefinitely in active cancer 
(metastatic disease, 

 continuing chemotherapy) 
VKA target INR 2-3 (2A) 

Elderly patients; Intracranial 
malignancy 

Recurrent VTE 
Indefinite treatment 

(2A) 

If INR <2 ►increase target INR 2-3 
(2A) 

Periodic reassessment  
of risk/benefit ratio (1C); Frequent 

INR 
If INR ≥2 ►Change to 

LMWH or Ultra-LMWH 
Repeat Ultrasonography & plasma D-

dimer (2C) 

if on LMWH ►increase dosing 
Elastic stockings (1A),  

Rutosides (2B) 

Vena Cava filter 

if anticoagulation is contraindicated, 
or VTE/PE is present despite  
adequate long-term LMWH 

(consensus) 
VTE Prophylaxis in patients with cancer 

Hospitalized 
patients 

during immobilization and /or 
chemotherapy 

UFH, LMWH, or Fondaparinux (1A) Thrombocytopenia 

Patients 
undergoing 

Surgery 

preoperatively, or early 
postoperatively, continue for at 
least 7-10 days post discharge 

UFH, LMWH, or Fondaparinux (1A) Bleeding risk 

major abdominal or pelvic 
surgery for up to 4 weeks post-

operatively 
UFH, LMWH, or Fondaparinux (1A) Bleeding risk 

Ambulatory 
patients on 

chemotherapy 
without VTE 

not recommended 

Consider Pancreatic cancer with 
metastases, Small-Cell Lung cancer, 

Risk models (Khorana, CATS, 
PROTECHT, CONKO) 

myeloma patients during 
thalidomide therapy, 

chemotherapy or dexamethasone 

LMWH or VKE adjusted-dose  
INR ~1,5  

Table 2: This table summarizes, in a simplified way, the main issues regarding treatment of VTE in cancer patients, 
including recommendations from the 9th edition of American College of Chest Physicians Guidelines (ACCP 2012), [28] 
recommendations from the American Society of Clinical Oncology Guidelines (ASCO 2007) [43] and data from the most 
recent studies, as quoted above.  
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Conclusion 

     Cancer-associated VTE remains a challenge in daily 
practice, because cancer patients with VTE not only have 
a higher risk of VTE recurrence, but also a substantially 
increased risk of major bleeding during anticoagulant 
therapy. Therefore prediction of a VTE is crucial, and it is 
a continuing area of research. Bearing in mind, that apart 
from VTE there is a considerable percentage of cancer 
patients with arterial and ischemic complications, the 
clinicians must be ready to face multiple and difficult 
scenarios, beyond guidelines. Therefore, treatment for 
these patients is not a straightforward prescription 
routine and necessitates a closer and detailed cooperation 
between Oncologists and Cardiologists.  
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