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ABSTRACT

Cancer-associated thrombosis (CAT) is a major cause of death in oncological patients. The 
mechanisms of thrombogenesis in cancer patients are not fully established, and it seems 
to be multifactorial in origin. Also, several risk factors for venous thromboembolism (VTE) 
are present in these patients such as tumor site, stage, histology of cancer, chemotherapy, 
surgery, and immobilization. Anticoagulant treatment in CAT is challenging because of high 
bleeding risk during treatment and recurrence of VTE. Current major guidelines recommend 
low molecular weight heparins (LMWHs) for early and long-term treatment of VTE in cancer 
patients. In the past years, direct oral anticoagulants (DOACs) are recommended as potential 
treatment option for VTE and have recently been proposed as a new option for treating CAT. 
This manuscript will give a short overview of risk factors involved in the development of 
CAT and a summary on the recent recommendations and guidelines for treatment of VTE in 
patients with malignancies, discussing also some special clinical situations (e.g. renal impair-
ment, catheter-related thrombosis, and thrombocytopenia).
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Introduction

Malignancy and oncological therapies are well recog-
nized risk factors for developing venous thromboembo-
lism (VTE), the absolute risk mainly depending on tumor 
type, stage, and treatment with antineoplastic agents.1 
Annually, approximately 0.5% of cancer patients devel-
op VTE compared with a rate of incidence of 0.1% in the 
non-cancer population.2 Cancer-associated thrombosis 
(CAT) is a life-threatening condition and is the second 
most prevalent cause of mortality in oncological pa-
tients, the development of VTE increasing the likelihood 
of death 2- to 6-fold and the probability of fatal pulmo-
nary embolism (PE) 3-fold.1–5 Approximately 5–20% of 
patients with cancer will develop VTE, the highest rate of 

thrombosis occurring within the first few months after 
the diagnosis. Moreover, patients with metastatic cancer 
are at higher risk for VTE. Therefore, optimal prevention, 
treatment, and follow-up of these patients is crucial. Pa-
tients diagnosed with VTE always require anticoagulant 
therapy. However, the management of CAT is challeng-
ing due to possible bleeding complications and recur-
rence of deep vein thrombosis (DVT) despite optimal an-
ticoagulation therapy. This manuscript will give a short 
overview of risk factors involved in the development of 
CAT and a summary on the recent recommendations and 
guidelines for treatment of VTE in patients with malig-
nancies, discussing also some special clinical situations 
(e.g. renal impairment, catheter-related thrombosis, and 
thrombocytopenia). 
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CLINICAL FORMS OF CANCER-
RELATED THROMBOSIS

Thrombotic complications in cancer can manifest as ve-
nous or arterial thrombosis, or disseminated intravas-
cular coagulation (DIC). All components of the Virchow 
triad (hypercoagulable state, endothelial injury, circula-
tory stasis) can be present in oncological patients. Can-
cer induces procoagulant changes, thus increasing the 
levels of proteins with procoagulant activity and reduc-
ing the natural anticoagulant mechanisms. In addition, 
chemotherapy may induce endothelial injury, while sur-
gical interventions, immobilization, and local compres-
sion are associated with venous stasis and endothelial 
dysfunction.5

The most common clinical manifestation of CAT is 
venous thromboembolism. In the National Comprehen-
sive Cancer Network (NCCN) guidelines, the definition of 
VTE includes DVT, pulmonary embolism (PE), superficial 
vein thrombosis (SVT), and splanchnic vein thrombosis 
(SPVT).6 

Arterial thrombosis is not very common in patients with 
cancer compared to the prevalence of VTE. However, mul-
tiple studies and case reports suggest that patients with 
cancer present an increased risk of arterial thrombosis. In 
a large retrospective study Navi et al. investigated the re-
lation between cancer and the risk of arterial thrombosis 

in patients with active cancer, which was found to be 4.7% 
at 6 months, compared to 2.2% in the control group.7 

DIC and thrombotic microangiopathy (TMA) are rare, 
yet severe complications in oncological patients. In DIC, 
an intravascular activation of the coagulation cascade 
occurs with a subsequent propensity for both thrombo-
sis and bleeding produced by intravascular fibrin deposi-
tion, consumption of thrombocytes, and coagulation fac-
tors. Generally, the clinical presentation and evolution of 
cancer-related DIC is less fulminant than DIC associated 
with other etiologies, such as sepsis or trauma, and may 
be the first clinical symptom of cancer.8 TMA may occur as 
thrombotic thrombocytopenic purpura (TTP) or hemolytic 
uremic syndrome (HUS), with ischemic end-organ dam-
age (brain, kidney) produced by disseminated occlusive 
microvascular thrombotic occlusion and thrombocytope-
nia. It can also be a manifestation of cancer or a complica-
tion of cancer therapy.9

RISK ASSESSMENT MODELS FOR 
THROMBOSIS IN PATIENTS WITH CANCER

Recently, a large number of risk factors and biomarkers 
have been described as predictive for VTE. These risk fac-
tors can be cancer-associated, including tumor site, and 
the type and/or the stage of cancer. In addition, there 
are other risk factors associated with the patient such as 
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TABLE 1.  The validated risk assessment models for evaluate the risk of venous thromboembolism and the 
variables used in different models

Khorana 
score11

Oncothromb 
Tic-Onco 

score 
extended15

Compass 
CAT score16

Pabinger 
clinical 

prediction 
model18

Type of tumor × × – ×

Cancer stage – × × –

Time since cancer diagnosis – – × –

Genetic risk score – × – –

Personal history of VTE – – × –

VTE family history – – × –

Body mass index (BMI >35 kg/m2) × × – –

Presence of cardiovascular risk factors – – × –

Recent hospitalization for acute medical illness – – × –

Anemia (hemoglobin <10 g/dL) × – – –

Leukocytosis (white blood cell count >11 × 109/L) × – – –

Thrombocytosis (platelet count ≥350 × 109/L) × – – –

d-Dimer >1.44 g/L – – – ×

Soluble P-selectin >53.1 g/L – – – –

Anthracycline or antihormonal therapy – – × –

Central venous catheter – – × –
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age, sex, race, genetic risk score, immobility, previous 
VTE, obesity, and other medical comorbidities. An impor-
tant category of risk factors is represented by oncological 
treatment. Chemotherapy and anti-angiogenic treatment 
are known as having prothrombotic effects. Various serum 
biomarkers, including anemia, increased leukocyte count, 
thrombocyte count, D-dimer levels, P-selectin and tissue 
factor, have also been associated with an increased risk of 
CAT.10 A large number of risk assessment models (RAMs) 
for VTE risk prediction have been proposed: the Khorana 
score,11 the Vienna CATS score,12 the PROTECHT score,13 
the CONKO score,14 the Oncothromb Tic-Onco extended 
score,15 the Compass CAT score,16 the Oncotev score,17 
and the Pabinger clinical prediction model.18 The clini-
cal effectiveness of these RAMs in particular subtypes of 
tumors are still a matter of debate. Validated risk assess-
ment models for CAT are presented in Table 1. 

The risk of developing CAT in different types of cancer 
has been evaluated in a large number of studies but it is 
difficult to compare them directly. In a general analysis of 
patients with malignancies, the highest rates of CAT have 
been found in patients with pancreas, brain, gastric, re-
nal, lung, uterus, and ovary tumors, as well as in hemato-
logical malignancies.10,17 The advanced stage of oncologi-
cal disease represents also a major risk factor for CAT. In a 
population-based study that included 389 cancer patients 
with newly diagnosed VTE, Blom et al. reported that the 
presence of distant metastases represents a higher risk 
of CAT.19 

The histological subtype of cancer can also predict the 
risk of CAT in some types of malignancies. The Vienna 
Cancer and Thrombosis Study has compared the impor-
tance of local, regional, and distant cancer stages on the 
occurrence of CAT. The study found a significantly more 
increased risk of thrombosis in case of regional and/or 
metastatic disease compared to patients with early, local-
ized stages of cancer.2,18

The time after diagnostic confirmation may also pro-
vide important predictive information for VTE in onco-
logical patients. Naess et al. have published the results of a 
retrospective study that included over 200,000 oncologi-
cal patients. Their results revealed a risk for developing 
CAT of 3.3% within the first year, which decreased to 0.8% 
after 2 years from diagnosis.20 

Demographic data, comorbidities, 
prior DVT as risk factors for CAT

Age may also have an important impact on the develop-
ment of VTE, as older subjects with various oncological 

disorders are at a higher risk for venous or arterial throm-
botic events. In a retrospective cohort study published by 
Khorana et al., patients aged over 65 years with cancer 
presented a significantly higher likelihood for developing 
CAT compared to younger persons.21 

Retrospective studies which have evaluated the effect of 
gender on the risk of CAT have shown that female patients 
present higher risk for venous thrombotic events, com-
pared to males who have a higher propensity for develop-
ing arterial site thrombosis.21 

Obesity is a known major risk factor for VTE in the 
general population, and it is applicable for oncological 
patients as well. A body mass index (BMI) of ≥35 kg/m2 
is one of the five variables in the Khorana risk prediction 
model,11 and a BMI ≥25 kg/m2 is a variable included in 
the TiC-Onco score.15 A large number of studies have de-
scribed a strong relationship between the incidence of CAT 
and the presence various medical comorbidities such as 
heart disease, renal impairment, respiratory disorders.2,21 
In a retrospective review, acute infections were associated 
with a higher risk of CAT, especially for hospitalized can-
cer patients.22 

Prior episodes of thrombosis or PE represent major risk 
factors for recurrent thrombosis both in general and on-
cological populations. In a prospective study on patients 
with cancer undergoing surgery, it was shown that pa-
tients with previous thrombosis presented a significantly 
higher rate of new or recurrent VTE (OR = 6.0; 95% CI 2.1 
to 16.8).23

Serum biomarkers as risk markers for VTE 

Several laboratory biomarkers have been proven predic-
tive for VTE in cancer patients, ranging from simple com-
plete blood count components to novel biomarkers. 

Elevated pre-chemotherapy thrombocyte number, de-
fined as a platelet count of 350,000/mm3, was identified 
as an important risk factor for CAT. In the Vienna Cancer 
and Thrombosis Study (CATS), 665 patients with solid tu-
mors were included. The one-year probability of CAT in 
this analysis was 34.3% in patients with a platelet num-
ber above the 95th percentile (443 × 109/L) compared to 
5.9% in those with a thrombocyte count below this value. 
Thrombocytosis, soluble P-selectin, and surgery were 
significantly associated with the risk of CAT after multi-
variate analysis was performed, along with age, leucocyte 
count, chemotherapy, and radiotherapy.24

A leukocyte count >11,000/μL before initiating chemo-
therapy was described as a significant and independent 
risk factor for VTE.24 In a prospective analysis that in-
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cluded 4,405 ambulatory cancer patients for whom che-
motherapy was initiated, there was a significantly higher 
rate of thrombotic events in patients with leukocytosis 
(25 out of 561, 4.5%), compared to subjects with nor-
mal leucocyte count (68 out of 3,860, 1.8%) (p <0.0001).25 
Significantly higher rates of VTE were also found in pa-
tients who had persistent leukocytosis after the first che-
motherapy cycle (3.0%) compared to those with resolved 
baseline leukocytosis (1.7%) or patients without leuko-
cytosis throughout the whole course of chemotherapy 
(1.2%) (p = 0.03).25

D-dimer is an indicator for activation of the coagulation 
cascade and is generally elevated in patients with cancer. 
This particular biomarker may be used as a predictive in-
dicator for cancer metastasis and progression.26 Higher 
levels of D-dimer can also predict recurrent thrombosis 
in oncological patients.27 Evaluation of serum D-dimer 
levels is recommended in patients that are scheduled for 
chemotherapy, as elevated pre-treatment values have 
been correlated with treatment-related CAT.28,29 The 
level of D-dimer measured before initiation of chemo-
therapy has been described as an independent risk factor 
for thrombosis in chemo-naïve patients with pancreatic 
adenocarcinoma,30 or in patients with advanced gastric 
cancer undergoing palliative chemotherapy.31 A meta-
analysis performed by Wu et al. aimed to investigate the 
importance of plasma D-dimer levels in patients with 
ovarian malignancies. The analysis demonstrated that el-
evated levels of D-dimer indicate an increased risk of de-
veloping VTE in patients with ovarian cancer (OR = 4.068, 
95% CI 2.423 to 6.829).32

P-selectin is a cell adhesion molecule known as an in-
dependent risk factor for VTE. In a prospective study, Ay 
et al. included 687 cancer patients (lung, gastrointestinal, 
breast, pancreas, renal, prostate, and brain malignan-
cies).33 After multivariate analysis, a higher P-selectin 
level (cutoff level of 53.1 ng/mL, 75th percentile of study 
population) was an independent predictor for thrombosis, 
after adjustment for age, gender, surgical intervention, 
and chemo- and radiotherapy was made. The cumulative 
probability of developing CAT at six months after study 
inclusion was 11.9% in cases with a P-selectin level above 
and 3.7% in patients with P-selectin below the 75th per-
centile (p = 0.002).33

VTE related to cancer treatment 

Chemotherapy is one of the most important factors as-
sociated with an increased risk of thrombosis, especially 
in the first 3–6 months of treatment, which present 6–7 

times higher rates of chemotherapy-associated throm-
botic events.2,21,28,34,35 The mechanism of chemotherapy-
induced DVT in patients with cancer is plurifactorial and 
is produced by the inappropriate activation of hemosta-
sis, partly due to increased procoagulant activity or to a 
dysfunction of the anticoagulant protein C and protein S 
pathway.34 Substantial risk of VTE has been reported in 
patients undergoing platinum-based chemotherapy (cis-
platin, oxaliplatin).36,37 Cancer patients receiving immu-
nosuppressive or cytotoxic chemotherapy, such as l-as-
paraginase, thalidomide, lenalidomide, or tamoxifen, also 
present an elevated risk for VTE.38

VTE is a frequent complication in oncological patients 
undergoing surgical interventions. Surgery increases the 
risk of postoperative DVT and fatal PE more than 2–3-
fold compared with similar surgical interventions on pa-
tients without malignancy.38 If a patient with active cancer 
is hospitalized for an acute medical illness, the incidence 
of VTE is also elevated.2 Central venous catheters are also 
important risk factors for VTE development, and in case 
of catheter-related thrombosis serious complications may 
occur, including fatal PE. The true incidence of catheter-
related thrombosis is not known due to its unspecific 
symptoms. However, it is estimated to present an inci-
dence ranging between 5 and 30%.39

THERAPEUTIC MANAGEMENT OF 
CANCER-ASSOCIATED THROMBOSIS

The management of oncological patients with DVT is often 
challenging for clinicians. These patients present a 2-fold 
greater risk for major bleeding and 3-fold higher risk of 
DVT recurrence compared to patients without cancer.40 
Therapeutic anticoagulation is the key component in the 
management of CAT. Current recommendations on initial 
treatment and long-term therapy of cancer-related VTE, 
thromboprophylaxis in hospitalized cancer patients or in 
case of cancer surgery, and some special situations (anti-
coagulation in case of renal impairment, thrombocytope-
nia) will be discussed below. 

Low-molecular-weight heparin (LMWH) alone or in 
combination with vitamin K antagonists (VKAs) was the 
standard anticoagulation therapy for CAT for many years. 

The CLOT trial, published in 2003, included 676 pa-
tients receiving dalteparin or VKA for a six-month period 
with 5–7 days of overlap period. Symptomatic recurrent 
VTE, including PE-related death, occurred in 7.0% of pa-
tients randomized to dalteparin versus 15% randomized 
to VKA (p = 0.002). However, there were no differences in 
major bleeding, any bleeding, or death rates.41 This study 
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confirmed the superiority of LMWH in the long-term an-
ticoagulant therapy of patients with cancer. More than 10 
years later, the results of the CATCH trial were published. 
In this trial, 900 patients were randomized to tinzaparin 
(175 IU/kg) or warfarin (tinzaparin overlap for 5–10 days) 
for 6 months. The primary composite endpoint was inci-
dental recurrent proximal DVT and PE, which occurred in 
6.9% of patients receiving tinzaparin and in 10% of pa-
tients from the warfarin treatment arm (p = 0.07).42 The 
major rates of bleeding were similar, but a significant re-
duction in non-major clinically relevant bleeding was ob-
served with tinzaparin.42,43 The CANTHANOX, ONCENOX, 
and LITE trials also showed that LMWHs were superior in 
prevention of recurrent DVT and PE in patients with can-
cer. The bleeding profiles were improved or were similar 
compared to VKAs.44,45,46

The recommendation on initial parenteral anticoagula-
tion therapy remained unchanged since 2016. For the first 
5–10 days of VTE, anticoagulant therapy with LMWH is 
recommended, with unfractionated heparin (UFH) and 
fondaparinux as options for alternative treatment.47,48

Two Cochrane reviews from the last several years com-
pared LMWH to UFH or fondaparinux.49,50 A meta-analysis 
which included 446 cancer patients described a significant 
reduction in mortality for LMWH compared to UFH (OR 
0.53, 95% CI 0.33 to 0.85, p  =  0.009).50 In a meta-anal-
ysis, Hakoum et al.49 showed a decreasing trend in mor-
tality and VTE recurrence at three months with LMWH 
compared to UFH. Fondaparinux-treated patients did not 
present significant difference in DVT recurrence for mor-
tality or bleeding.50 

For newly diagnosed VTE, parenteral anticoagulant 
therapy with LMWH is preferred over UFH for the initial 
period (5 to 10 days), given that the creatinine clearance is 
over 30 mL per minute.48,51 UFH and fondaparinux may be 
used as alternative therapy to LMWH (when are contrain-
dicated, or not available). 

Direct oral anticoagulants (DOACs) as antifactor Xa 
inhibitors (rivaroxaban, apixaban, edoxaban) and direct 
thrombin inhibitor (dabigatran) have been approved for 
the initial, long-term, and extended treatment of DVT.52 
Several randomized clinical trials and meta-analyses have 
compared DOACs with LMWH in patients with cancer.53–55

Raskob et al. randomly assigned oncological patients 
with acute symptomatic or incidental DVT to receive ei-
ther edoxaban (after at least five days of pre-treatment 
with LMWH) or subcutaneous dalteparin.53 The compos-
ite outcome of recurrent VTE or major bleeding for oral 
edoxaban was noninferior to subcutaneous dalteparin 
(HR, 0.97, 95% CI 0.70 to 1.36, p = 0.006 for non-infe-

riority). The recurrence rate of VTE was lower, but major 
bleeding was more frequent with edoxaban compared to 
dalteparin.53

The SELECT-D trial conducted by Young et al.54 ran-
domly assigned patients with active cancer and VTE (a 
total number of 406 patients, 58% of whom with me-
tastases) to receive treatment with either rivaroxaban 
or dalteparin. The primary outcome was the recurrence 
of VTE over six months, while the safety was the occur-
rence of major bleeding and clinically relevant non-major 
bleeding. The 6-month rate of VTE recurrence was 11% 
(95% CI 7% to 16%) with dalteparin and 4% (95% CI 2% 
to 9%) with rivaroxaban (HR 0.43, 95% CI 0.19 to 0.99) 
without significant difference in major bleeding rate (6% 
with rivaroxaban vs. 4% with dalteparin, HR 1.83, 95% CI 
0.68 to 4.96). The clinically relevant non-major bleeding 
risk was higher with rivaroxaban compared to dalteparin 
(13% vs. 4%, HR 3.76, 95% CI 1.63 to 8.69).54

In a meta-analysis of the Hokusai VTE Cancer and SE-
LECT-D trials, DOACs were associated with a lower risk of 
VTE but the risk of major bleeding was higher compared 
with LMWH, without any significant difference in mortal-
ity.55 

In the current guidelines,48,51 based on evidence from 
randomized clinical trials,53,54 rivaroxaban and edoxaban 
(after minimum 5 days of parenteral anticoagulation) 
have been added as treatment options in CAT, in patients 
without increased risk for gastrointestinal or genitouri-
nary bleeding. 

Some important practical issues must be emphasized 
regarding treatment with DOACs. Firstly, there are dif-
ferences between DOACs regarding the initiation of anti-
coagulant treatment in the first days. VTE patients with-
out cancer require 5 days of parenteral anticoagulation 
with LMWH before starting edoxaban treatment in stan-
dard, therapeutic dose.53 For rivaroxaban, LMWH pre-
treatment is not needed, but in the first 21 days a higher 
dose is recommended (15 mg bid for the first 21 days of 
anticoagulation, then 20 mg daily). Particular caution 
for treatment with DOACs is needed in patients with an 
increased risk for bleeding (active mucosal lesions or 
unresected mucosal tumors) or other conditions asso-
ciated with additional hemorrhagic risk (chronic kidney 
disease, hepatic impairment, gastrointestinal bleeding 
in history, thrombocytopenia, antiplatelet therapy). In 
case of DOAC treatment in cancer patients, an important 
safety consideration is the potential for drug-drug inter-
action. Inducers and inhibitors of P-glycoprotein inter-
act with edoxaban and rivaroxaban, and rivaroxaban can 
also interact with potent inhibitors or inducers of cyto-
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chrome P450 34A.48,51,55 Due to the oral administration of 
DOACs, their effects can also be influenced by gastroin-
testinal absorption and tolerability, as well as nausea and 
vomiting.56

Guideline recommendations for VTE 
anticoagulation in cancer patients

1. Initial (5–10 days) parenteral anticoagulation 

In case of cancer-related VTE, for the initial treatment the 
drug of choice is LMWH at a body weight-adjusted dose 
when creatinine clearance is over 30 mL/min.48,51,57 As a 
therapeutic alternative, rivaroxaban or edoxaban (after at 
least 5 days of parenteral anticoagulant therapy) can also 
be used for patients without high risk of gastrointestinal 
or genitourinary bleeding or important drug-drug inter-
actions, given a creatinine clearance over 30 mL/min.48,51 
UFH and fondaparinux also can be a therapeutic alterna-
tive used for the initial treatment of VTE in cancer patients 
in case of contraindication of LMWH or DOACs, or if these 
are not available.48,51,57 

As per recent guidelines in case of CAT, thrombolysis 
can be considered on a case-by-case basis and possible 
complications, especially the risk of bleeding, must be 
carefully evaluated. Inferior vena cava filters for initial 
treatment of VTE in cancer patients may be considered 
when anticoagulation is contraindicated or in case of re-
currence VTE under optimal anticoagulation.48,51

2. Early maintenance (up to 6 months)

From 2016, the clinical practice guidelines recommend 
LMWHs at body weight-adjusted dose as the preferred 
treatment over VKAs for early maintenance therapy (up 
to 6 months).41–45,47,48,51 Since the 2016 guidelines, no new 
randomized trials have been published comparing LMWH 
with VKAs.

In recent guidelines, rivaroxaban and edoxaban are also 
recommended for early maintenance (up to 6 months) 
treatment of CAT (if creatinine clearance is over ≥30 mL/
min) in patients without risk of drug-drug interactions 
or gastrointestinal absorption impairment.48,51 VKAs are 
considered inferior in this setting, but may be used in case 
of inaccessibility of LMWH, rivaroxaban, or edoxaban.51

Special caution in using DOACs is needed in case of an 
increased bleeding risk, mainly in patients with gastro-
intestinal tract (especially upper tract) or urogenital ma-
lignancies. Data for other DOACs in early maintenance 
therapy for cancer-related DVT are needed. The minimum 

period of using LMWH or DOACs (rivaroxaban, apixaban) 
in treating patients with malignancies and established 
VTE should be 6 months.51

3. Long-term (beyond 6 months) treatment 

The scientific data about the benefits and possible risks of 
anticoagulant treatment beyond 6 months in patients with 
cancer are limited. The prospective, multicenter DALTE-
CAN trial included 334 patients with newly diagnosed DVT 
and active cancer receiving subcutaneous dalteparin for 
12 months. In total, 109 patients completed the 12-month 
course of dalteparin therapy. The risk of developing re-
current DVT or major bleeding complications was high-
est in the first month of treatment and lower in the next 
11 months.58 The TiCAT trial also evaluated the effects of 
LMWH (tinzaparin) treatment beyond 6 months in pa-
tients with CAT, on 247 patients with established VTE and 
active cancer. The incidence of major bleeding was 4.9%, 
and the rate of clinically relevant non-major bleeding 
(CRNMB) was 0.9% during the first 6 months and 0.6% in 
the next 7 to 12 months (p = 0.5).59 

The decision of cessation or continuation of antico-
agulation (LMWH, DOACs, or VKAs) must be established 
considering the risk of bleeding, cancer activity, quality 
of life, life expectancy, cost of therapy, and also patient 
preference. The continuation of anticoagulant treatment 
after the initial 6-month period should established after 
an individual evaluation of selected active cancer patients, 
especially those who have metastatic cancer or those on 
active chemotherapy.48,51

THROMBOPROPHYLAXIS IN 
PATIENTS WITH ACTIVE CANCER 

1. Perioperative prophylaxis of VTE 

DVT is a very frequent and major complication in patients 
with malignancies undergoing surgery. VTE is the cause of 
10% of perioperative deaths, the risk of a postoperative, 
fatal PE being 4 times higher compared to the non-cancer 
population. The risk of DVT depends on a series of factors 
including the type and stage of tumor, the anesthesia and 
the type of surgical procedure, comorbidities, age, and 
period of post-interventional immobilization, as well as 
previous DVT.23,57,60 A large number of randomized trials 
and meta-analyses have demonstrated the beneficial role 
of prophylactic anticoagulation (LMWH or UFH) over no 
thromboprophylaxis or placebo. Bergqvist et al. published 
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data of a double-blind, multicenter trial in patients with 
abdominal or pelvic malignancies, with planned open cu-
rative surgery. The patients were prescribed enoxaparin 
(40 mg daily) for the first 6 to 10 days and after that were 
assigned randomly to receive enoxaparin or placebo for 
another 21 days. The primary efficacy endpoint was the 
incidence of DVT/PE between days 25 and 31. The rates 
of VTE were 4.8% in the enoxaparin group and 12.0% in 
the placebo group (p = 0.02), the difference persisting at 
3 months (13.8% vs. 5.5%, p = 0.01) without significant 
differences in the rates of bleeding or other complications 
during the study period.61

The risk of VTE persists for several weeks after ab-
dominal or pelvic oncological surgery. Bustos Merlo et al. 
performed a multicenter, prospective study on data from 
symptomatic DVT oncological patients. They analyzed 
766 patients, out of which 52% presented VTE. Most VTE 
cases (84%) occurred within the first week after surgery 
and 38% after one month. The venous thrombotic event 
occurred particularly in patients operated for colorectal, 
gynecologic, and urologic malignancies.62

In 2016, Fagarasanu et al. published a review and meta-
analysis of 4,807 patients for which thromboprophylaxis 
was extended, and this led to a decrease in the incidence 
of all VTE, but there was no difference in the incidence of 
symptomatic PE vs. major bleeds and all-cause death (RR 
= 0.44).63 

According to guideline recommendations, all patients 
with cancer undergoing major surgery should receive 
pharmacological thromboprophylaxis with either LMWH 
or UFH if there is no contraindication for anticoagula-
tion (active bleeding or high bleeding risk). Mechanical 
methods are not recommended as the sole treatment 
strategy unless pharmacological anticoagulation is con-
traindicated (high risk of bleeding). The combination of 
pharmacological and mechanical methods may increase 
efficacy in preventing DVT, especially in high-risk cancer 
patients.48,51

2. Prophylaxis of VTE in oncological patients 
hospitalized for an acute medical illness

Patients with active malignancy hospitalized with an acute 
medical condition or with reduced mobility even in the 
absence of additional pro-thrombotic risk factors should 
be offered thromboprophylaxis in the absence of con-
traindications. In these patients, treatment with LMWH, 
fondaparinux (when creatinine clearance is ≥30 mL/min), 
or with UFH is recommended. DOACs are not recommend-
ed routinely in this setting.48,51

3. Thromboprophylaxis in ambulatory patients 
with malignancies and systemic chemotherapy

The risk for thrombosis in ambulatory cancer patients with 
systemic chemotherapy is approximately 5–10%. The risk 
of VTE depends on the type, stage of cancer, the treatment 
used, and other patient characteristics.48,64 Guideline rec-
ommendations state that primary routine pharmacologic 
thromboprophylaxis is not recommended in ambulatory 
cancer patients receiving systemic chemotherapy.48,51 

Several RCTs and meta-analyses performed in am-
bulatory cancer patients receiving systemic anticancer 
therapies were published recently, comparing thrombo-
prophylaxis with LMWH, apixaban, or rivaroxaban to no 
treatment or placebo. In a randomized trial, Khorana et 
al. have evaluated the benefit of 12 weeks of thrombo-
prophylaxis with dalteparin (5,000 IU daily) in high-risk 
outpatients with malignancies versus no prophylaxis.65 A 
total number of 98 patients were randomized, and DVT 
occurred in 12% receiving dalteparin and 21% with no 
prophylaxis (HR 0.69, 95% CI 0.23 to 1.89). There were no 
differences in major bleeding rates between the groups.65 
An updated meta-analysis assessed 26 randomized trials 
comparing any anticoagulant therapy (parenteral or oral) 
or mechanical intervention to no therapeutic intervention 
or placebo (a total number of 12,352 patients).64 LMWH 
significantly decreased the incidence of DVT or PE (RR 
0.54, 95% CI 0.38 to 0.75) with no significant increase in 
the risk of bleeding.64 

In the CASSINI trial, ambulatory patients with malig-
nancies and high thrombotic risk (Khorana score of ≥2), 
were randomized to receive rivaroxaban (10 mg per die) 
or placebo daily for 6 months, with screening at every 2 
months.66 The primary composite endpoint was symp-
tomatic or asymptomatic VTE and VTE-related death. 
From the 841 randomized patients, 6.0% presented the 
primary endpoint from the rivaroxaban group and 8.8% 
from the placebo group (HR 0.66, p = 0.10) for an average 
follow-up period of 180 days. Major bleeding occurred in 
2.0% of patients from the rivaroxaban group and in 1.0% 
from the placebo group (HR 1.96, 95% CI 0.59 to 6.49).66

The randomized, placebo-controlled, double-blind 
AVERT trial67 assessed the efficacy and safety of apixa-
ban (2.5 mg bid) for thromboprophylaxis in ambulatory 
treated patients with malignancies and intermediate to 
high risk for VTE, who were started on chemotherapy.67 
The modified intention-to-treat analysis revealed a lower 
risk of symptomatic and incidental VTE with apixaban vs. 
placebo (4.2% vs. 10.2%, p <0.001), but an increased risk 
of major bleeding (3.5% vs. 1.8%, HR 2.00, p = 0.046).67 
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Assessing the risk of VTE is recommended in ambu-
latory patients with malignancies before the initiation 
of systemic anticancer therapy, during the treatment, 
and during the evolution of disease.57 Routine primary 
pharmacologic thromboprophylaxis in outpatient set-
tings during the systemic anticancer therapy should not 
be offered.48,51 For ambulatory patients with malignan-
cies and high thrombotic risk (Khorana score ≥2, prior 
chemotherapy, locally advanced or metastatic pancreatic 
cancer) thromboprophylaxis with apixaban, rivaroxaban, 
or LMWH is recommended, in the presence of an accept-
able risk of bleeding. Initiation of anticoagulant therapy, 
the benefits, side effects, cost and duration of treatment 
should be discussed with every patient.51

THROMBOPROPHYLAXIS AND DVT 
TREAMENT IN PATIENTS WITH 
CENTRAL VENOUS CATHETERS 

Central venous catheters (CVCs) are commonly used in 
oncological diseases, with an increase in the risk for up-
per limb DVT and subsequent pulmonary embolism. The 
incidence of symptomatic upper limb DVT related to CVCs 
ranges between 0.3% and 28.3%, and 27–66% of sub-
clinical thrombotic events can be detected by venogra-
phy.68 Risk factors for CVC-associated thrombosis include 
the type of catheter, placement technique and location, 
cancer stage, and treatment (chemotherapy, anti-an-
giogenic therapy, hormone- or radiotherapy). The recent 
guidelines not recommend routine thromboprophylaxis 
in patients with CVCs and malignancies.48,51 Kahale et al. 
performed a meta-analysis of 13 studies (3,420 patients 
with cancer and CVCs) and revealed that LMWH decreased 
the incidence of clinically manifest catheter-related DVT 
for a follow-up period of up to 3 months compared to 
no treatment (RR 0.43, 95% CI 0.22 to 0.81) without in-
crease in bleeding complications.69 The meta-analysis did 
not confirm or infirm a beneficial or detrimental effect of 
low-dose VKA compared with no treatment on mortality, 
clinically manifest catheter-related VTE, major or minor 
bleeding.69 As result of several studies and one meta-
analysis, it is recommended that CVCs should be placed in 
the right jugular vein with the catheter tip positioned at 
the right atrium/superior vena cava junction.57,70,71 

Regarding treatment of thrombosis associated with CVC, 
the scientific evidence is scarce. In this setting, data de-
rived from recommendations regarding lower limb DVT are 
used with LMWH is recommended minimum 3 months and 
indefinite treatment should be considered in case of ac-
tive cancer and if the catheter is not removed. The catheter 

should not be removed unless it is no longer needed, it is 
infected, or there is any contraindication to anticoagula-
tion.57,72 Studies with direct comparisons between LMWHs, 
DOACs, and AVKs in this setting have not been conducted.48

THERAPEUTIC MANAGEMENT OF 
CAT IN SPECIAL SITUATIONS

1. Incidental VTE events in cancer patients

Incidental VTE is a frequent problem in patients with can-
cer, accounting up to half of all thrombotic events. This will 
probably increase in the future with the large-scale use of 
modern imaging techniques. The available data on the op-
timal treatment of incidentally discovered isolated PE or 
splanchnic vein thrombosis is scarce.73 According to recent 
guidelines, the therapeutic recommendations for inciden-
tal VTE are the same as for symptomatic VTE: anticoagula-
tion with LMWH or DOACs is the standard regimen. In case 
of isolated, incidental subsegmental PE or splanchnic vein 
thrombosis the treatment should be individualized.48,51

2. Treatment of VTE recurrence during 
anticoagulation treatment 

In absence of randomized clinical trials to guide the ther-
apeutic management of recurrent DVT in oncological pa-
tients, empirical anticoagulant therapy is the suggested 
approach. Firstly, treatment compliance and the cor-
rect dosage of anticoagulant medication should be con-
trolled, and the probability of thrombocytopenia induced 
by heparin should be evaluated. If the patient is treated 
with LMWH, a dose increase or switch to DOAC is recom-
mended. Two retrospective studies support the increase of 
LMWH dose with 25%.74,75 A switch to DOACs could be a 
solution in this setting due to the lower rate of recurrence 
compared to LMWH published in clinical trials.53,54 If the 
patient is treated with VKAs while the DVT recurrence 
occurs, the therapeutic solution should be the switch to 
therapeutic doses of LWMH or DOACs.57 If recurrence is 
diagnosed, while on prescribed DOACs, a dose escala-
tion or switch to LMWH should be considered. If there are 
major contraindications for anticoagulation, or in case of 
failure of anticoagulant therapy, the insertion of a vena 
cava filter may be considered. 

3. Patients with thrombocytopenia

Anticoagulant treatment for VTE in cancer patients with 
thrombocytopenia is controversial. According to some 
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publications, the administration of low-dose LMWH or 
temporary discontinuation of anticoagulation in case of 
severe thrombocytopenia may be safely and effectively 
used. Other studies suggest anticoagulation with LMWH 
in a therapeutic dose with transfusion support. Samuel-
son Bannow et al. performed a systematic review on 121 
cancer patients with VTE and thrombocytopenia, in which 
they reported an increased risk of VTE recurrence (27%). 
In 15% of all patients included in this review, there was 
an episode of major bleeding, regardless of their treat-
ment strategy. Thus, the authors concluded that there is 
no superiority of one management strategy over another 
for the therapeutic management of CAT in patients with 
thrombocytopenia.76

According to current guidelines, in case of established 
cancer-related VTE with associated thrombocytopenia, 
the therapeutic doses can be used if the platelet count is 
>50,000 cells/L in patients without manifest bleeding. In 
patients with a platelet count <50,000 cells/L, the thera-
peutic management and dosage should be individualized. 
In case of mild thrombocytopenia (platelet count >80,000 
cells/L) pharmacological thromboprophylaxis can be 
used, but in case of severe thrombocytopenia (platelet 
count <80,000 cells/L) pharmacological thromboprophy-
laxis must be individualized and careful monitored.48

4. Patients with renal failure

Renal impairment is a frequent challenge in patients with 
cancer and VTE, being associated with a higher risk of re-
current DVT and also bleeding. Treatment with LMWHs 
or VKAs may represent a cause of higher bleeding risk 
complications in renal failure. Available prospective data 
on CAT in patients with renal insufficiency are limited, 
the recommendations for anticoagulant therapy for DVT 
in patients with cancer and renal insufficiency being un-
changed since the 2016 guidelines.47 A recent sub-analysis 
from the CLOT trial41 in a subgroup of patients with im-
paired renal function (creatinine clearance <60 mL/min) 
showed that treatment with dalteparin did not produce an 
increase in the bleeding risk compared to VKA, while ef-
ficacy remained unchanged. Therefore, dalteparin confers 
a significantly reduced risk of recurrent VTE.41

According to current guidelines, in case of severe renal 
impairment (creatinine clearance <30 mL/min) the sug-
gested treatment of established DVT is UFH followed by 
early VKAs (possibly from day one) or LMWH adjusted to 
anti-Xa level. In these patients, an external compression 
device can also be applied. In patients with severe renal 
failure (creatinine clearance <30 mL/min) pharmacologi-

cal prophylaxis could be considered on a case-by-case 
basis.48

CONCLUSIONS

Cancer-associated thrombosis is a life-threatening con-
dition and is the second most prevalent cause of death 
in cancer patients. Oncological patients undergoing ma-
jor surgery or systemic treatment, or those hospitalized 
for an acute medical illness are at an especially increased 
risk for VTE. Therefore, optimal prevention, treatment, 
and follow-up of these patients is crucial. The diagnosis 
of VTE always requires anticoagulant therapy. However, 
the management of CAT is challenging due to possible 
bleeding complications and recurrence of DVT despite 
optimal anticoagulation. Evidence-based guidelines from 
professional organizations provide clinicians with recom-
mendations for anticoagulation strategies for the specif-
ic management of cancer patients. Adherence to clinical 
practice guidelines improves our ability to effectively and 
safely treat and prevent thromboembolic complications in 
patients with malignancies.
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