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A B S T R A C T   

Cancer-associated venous thromboembolism (VTE) is a leading cause of morbidity and mortality in patients with 
cancer. Appropriate risk stratification for primary and secondary VTE prevention as well as for risk of early death 
in acute setting is needed for an adequate treatment. Despite enormous advances have been made in the man-
agement of VTE in the last two decades, optimal medical therapy remains a major concern due to still high 
incidence of both symptomatic and incidental pulmonary embolism (PE), its recurrence, poor survival rate, 
bleeding risk and multiple drugs interactions. Novel oral anticoagulants (NOACs) simplified the treatment of VTE 
as compared to low-molecular-weight heparin (LMWH) due to their oral administration, fixed dose regimens and 
lower cost. However, their prescription requires extra caution, especially in patients with gastrointestinal ma-
lignancies. Lastly, data on reperfusion approaches remain confined to case series and subgroups analysis. The aim 
of this review is to summarize recent knowledge concerning PE in patients with malignancies, focusing on 
available treatments and decision making.   

1. Introduction 

Venous thromboembolism (VTE), including deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is globally the third most frequent 
acute cardiovascular syndrome [1] and a major cause of morbidity and 
mortality in patients with cancer (PWC) [2]. Indeed, VTE is reported as 
the second cause of death in cancer [3], with variable risk depending on 
the age of patient and the type of cancer [4,5]. The highest incidence of 
VTE is reported for gastroenterological, hematological, pulmonary, 
prostatic and gynecological cancers with high variability among studies 
[6,7]. In general, PWC show four-to-sevenfold higher risk for VTE, 
threefold higher risk of recurrent VTE, twofold higher risk of bleeding 
from anticoagulation and tenfold higher risk of death than patients 
without cancer [8]. When considering the worldwide steady increase of 
cancer prevalence in the last decades, it is then clear that such compli-
cation is very commonly seen in everyday clinical practice with direct 

and potentially devastating effects on both life expectancy and quality of 
life. Furthermore, patients presenting with PE tend to have more 
advanced stage of the disease, often with systemic distribution of 
metastasis, short life expectancy and high probability of complications 
due to PE prevention or treatment [9,10]. Of particular interest, in 
recent years the greater use of computed tomography imaging for cancer 
staging and follow-up lead to significant increase in diagnosis of inci-
dental VTE in asymptomatic PWC [11,12]. That fact raised doubts on the 
potential clinical and prognostic impact of incidental PE and conse-
quently what could be the best management in this setting. The thera-
peutic options have also expanded in recent years, with an even greater 
push towards the use of DOACs vs. heparin derivates and invasive 
methods in high-risk PE with contraindication to anticoagulation or 
fibrinolysis. Numerous guidelines have been published by major inter-
national societies regarding this topic. However, some issues remain 
unsolved or without definition of common strategies. The aim of this 
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manuscript is to summarize recent evidence on the diagnostic and 
therapeutic management of VTE in PWC, providing an operative guide 
in different in- and out-of-hospital scenarios (Fig. 1). 

1.1. Pathophysiology and cardiovascular effects of VTE 

In 1845, Rudolf LK Virchow theorized for the first time the patho-
genesis of venous thrombosis in his treatise “Weisses Blut” (i.e., white 
blood), describing the phenomena of thrombosis and hemostasis in the 
earliest reported case of leukemia. From that moment, (i) blood vessel 
alterations, (ii) circulation stasis, and (iii) hypercoagulability state, 
known as the “Virchow's triad”, are considered the major pathophysio-
logical alterations underlying the formation of thrombi in the venous 
vascular tree [13]. Twenty years later, Armand Trousseau described for 
the first time the association of thrombophlebitis and occult malig-
nancies [14]. Accordingly, the so-called “Trousseau's syndrome” refers 
to the higher risk of VTE in PWC, a paraneoplastic syndrome charac-
terized by recurrent, migratory thrombosis in superficial veins and in 
uncommon sites, such as chest wall and arms [15]. Malignancies in-
crease the risk of thrombosis by impacting on all the components of the 
Virchow's triad. While their role on blood vessel alterations and circu-
lation stasis is easily addressed by the often devasting effects on tissue 
architecture and volume occupation, cancers can also facilitate the onset 
of hypercoagulability in different ways. The host immunological 
response against the cancer promotes a chronic state of sterile low-grade 
inflammation leading to metabolic and neuroendocrine changes with 
subsequently pro-coagulative alterations of vascular homeostasis [16]. 
Furthermore, cancer itself actively synthetizes and releases in the 

systemic circle pro-inflammatory cytokines and pro-coagulant factors 
[17]. Multiple cancer-related signaling pathways – such as nuclear fac-
tor kappa B (NF-kB) [18], Janus kinase/signal transducers and activa-
tors of transcription (JAK-STAT) [19], toll-like receptor (TLR) pathways 
[20] and mitogen-activated protein kinase (MAPK) [21]- are chronically 
activated, promoting also tumor progression and treatment resistance. 
Such inflammatory environment triggers the expression of tissue factor 
(TF) on endothelial and immune cells, which strengthens the coagu-
lative cascade [22]. Furthermore, several studies confirmed that TF can 
be expressed in different cancer cells [23] and released via extracellular 
vesicles [24]. Besides the disease itself, also anti-cancer therapies are 
burdened by the risk of VTE. Chemotherapy can directly damage 
endothelium altering the homeostasis by fostering inflammation, 
oxidative stress and eventually leading to increased permeability [25] 
and higher incidence of VTE [26,27], especially with platinum-based 
therapies [28]. Approximately, patients treated with chemotherapy 
have till six-fold higher risk of developing VTE [29]. Finally, surgery 
represents another critical factor for VTE incurrence in PWC [30,31], 
even when treated with adequate antithrombotic profilaxis [32] 
thrombotic episodes happen in 1,5 to 2% of total cases [33]. On the 
other hand, PWC have often a non-negligible bleeding risk due to their 
clinical characteristics (e.g. older age, chronic kidney disease, anemia, 
thrombocytopenia, frailty) and the tumor behaviour (e.g. local invasion, 
abnormal vasculature, rupture or regression, metastatic disease) [34]. 

Respiratory failure in PE is due to the hemodynamic obstruction of 
the pulmonary vascular tree that can happen in either acute or chronic 
ways leading to reduced gas exchange surface. The increase in pulmo-
nary artery pressure (PAP) subsequently leads to right ventricular (RV) 
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Fig. 1. Pulmonary embolism in patients with cancer. Diagnosis of thromboembolism may be difficult in patients with cancer. PE might be frequently found as an 
incidental finding during a computed tomography scan. However, in patients with clinical suspicion, the classical diagnostic workup is applied, considering that the 
role of D-dimer in these patients could be misleading, since oncological patients can easily have a higher pre-test assessment due to their actual condition. Further, 
CTPA could be contraindicated, as in some cases of renal impairment. Thus, the V/Q scan can be an adequate alternative in these situations. Concerning treatments 
options, DOACs prescription has been recently suggested in guidelines. Though, these drugs should be prescribed evaluating pros and cons of treatment on a case-by- 
case basis. In fact, some limitations still occur, especially in patients with gastrointestinal cancers, since the use of DOACs in these patients is associated with a higher 
risk of bleeding. Apixaban has been reported as the DOAC of choice because of its lower risk of major bleeding. Conversely, VKAs are not routinely prescribed in 
cancer patients. Systemic thrombolysis can be used when hemodynamic instability occurs, but contraindications exist. Lastly, vena cava filter may be used when 
anticoagulants are contraindicated or in cases of VTE recurrence during treatment with anticoagulants. Abbreviations: CV, cardiovascular; CTPA, computed 
tomographic pulmonary angiography; DOAC, direct oral anticoagulant; LMWH, low-molecular-weight heparin; PCDT, percutaneous catheter directed treatment; PE, 
pulmonary embolism; RCT, randomized control trial; VKA, vitamin K antagonist; V/Q, ventilation-perfusion. 
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failure that is the primary cause of death in severe VTE [35]. An 
obstruction >30–50% of the total cross-sectional area of the pulmonary 
arterial bed is required to cause an increase in PAP [36]. In addition, 
hypoxic vasoconstriction in the affected lung area and the release of 
thromboxane A2 and serotonin contribute to increased pulmonary 
vascular resistance (PVR) causing the establishment of a vicious circle 
that worsens the hemodynamic conditions [37]. RV myocardial injury is 
documented by the finding of massive infiltrates of inflammatory cells in 
the RV myocardium of death patients from acute PE [38] as well as the 
presence of elevated circulating levels of biomarkers of myocardial 
injury [39]. Moreover, troponin levels positively correlate with adverse 
early outcome, indicating that RV ischaemia is of pathophysiological 
significance in the acute phase of PE [40]. However, RV injury comes 
likely from the imbalance between oxygen supply and demand, while 
overt infarctions are uncommon. Further reduction of cardiac output is 
caused by the interventricular dyssynchrony secondary to the prolon-
gation of RV contraction time into early diastole leading to leftward 
bowing of the interventricular septum and the development of right 
bundle branch block [41]. In about one-third of patients, right-to-left 
shunting through a patent foramen ovale exacerbated by an inverted 
pressure gradient between the right atrium and left atrium can be 
detected by echocardiography and may both worsen hypoxaemia and 
increase risk of paradoxical embolization and stroke [42]. Finally, small 
distal emboli may create areas of alveolar haemorrhage resulting in 
haemoptysis, pleuritis, and pleural effusion known as ‘pulmonary 
infarction’ with usually only mild effects on gas exchange. 

1.2. Diagnosis is driven by the clinical suspect and confirmed with imaging 

1.2.1. Clinical assessment 
The increased awareness of VTE and the ever-increasing availability 

of low-cost imaging tests such as echocardiography and computed to-
mography pulmonary angiography (CTPA), lead a tendency for clini-
cians to suspect and begin the diagnostic workup for PE more frequently 
than in the past [43]. Of note, a comparison between ultrasound and 
radiological methods is reported in Table 1. However, the clinical sus-
picion of PE is always the first and foremost element driving the diag-
nostic process. In acute cases, the 2019 ESC guidelines for the diagnosis 
and management of acute PE suggest considering a patient as suspected 
of PE if symptoms, clinical findings, and predisposing factors for VTE are 
found in the same subject [44]. However, the clinical signs and symp-
toms of acute PE are often non-specific. Among respiratory symptoms, 
dyspnea is the most frequent [45]. Dyspnea with sudden onset in PWC 
whit pre-existing heart failure or pulmonary disease may be the only 
sign of PE. In central PE (i.e., when thrombi are located in the trunk or in 
the main pulmonary arteries), chest pain may have a typical angina 
character, possibly reflecting RV ischaemia, and requiring differential 
diagnosis from an acute coronary syndrome or aortic dissection. Pre-
syncope or syncope may be more frequent than expected - even in the 
presence of an alternative explanation as often in PWC [46], while when 
associated with hemodynamic instability, cardiac arrest, shock, or 
persistent hypotension indicate central or extensive PE and should be 
considered at high-risk of death [47]. Lastly, the investigation for signs 
and symptoms of DVT is also fundamental. Indeed, while only 30% of 
PWC have concomitant PE and DVT, this group has significantly higher 
mortality risk [48,49]. In synthesis, the first approach to a patient with 
suspected VTE is based on a sort of “pre-test assessment”. Commonly 
used prediction tools include the simplified versions of Wells' criteria 
[50] and the revised Geneva score [51]. According with their high risk of 
DVP, oncological patients are likely to show a high score due to presence 
of cancer, recent cancer therapy, surgery or history of immobilization. 
Furthermore, hypocapnia alone or in combination with hypoxia can be 
found at blood gas analysis. Chest X-ray is frequently non-specific but 
can help in excluding other causes of dyspnoea or chest pain [52]. 
Electrocardiographic findings may be quite non-specific (e.g., sinus 
tachycardia or atrial fibrillation) or more indicative of RV strain (e.g., 

inversion of T waves in leads V1-V4, QR pattern in V1, S1Q3T3 pattern, 
and incomplete or complete right bundle branch block) [53]. Finally, 
unaltered D-dimer values can be used to exclude PE in patients with low- 
intermediate pre-test probability [54] but lose specificity in PWC which 
have higher levels of D-dimer at baseline (due to older age, inflamma-
tion, recent surgery, immobility, prior history of DVT/PE, and presence 
of active malignancy) [55–57]. 

Table 1 
Comparison of ultrasound and radiological methods for the diagnosis of pul-
monary embolism.   

Ultrasound methods Radiological methods 

Diagnostic 
accuracy 

Echocardiography: research 
indirect signs of pulmonary 
embolism. 
Good accuracy in identify signs 
of PAP acute increase. ETE 
allows visualization of large 
emboli in the trunk and main 
branches of PA. Negative tests 
do not exclude PE. 
CUS: high specificity in 
symptomatic patient, low 
sensibility. Negative test does 
not exclude PE. 

CTPA: current gold standard. 
Lung scintigraphy: high 
specificity and good sensibility 
but not negligible risk of non- 
diagnostic result. Addiction of 
CT strongly increases 
sensibility. 
Pulmonary angiography: 
historical gold standard. 

Availability, 
+/4* 

Echocardiography: ++++

CUS: ++++

CTPA: +++

Lung scintigraphy: +
Pulmonary angiography: ++

Duration of 
exam, +/4 

Echocardiography: +
CUS: +

CTPA: ++

Lung scintigraphy: ++++

Pulmonary angiography: +++

Radiation 
exposure, 
+/4 

Echocardiography: / 
CUS: / 

CTPA: ++

Lung scintigraphy: +
Pulmonary angiography: +++

Cost, +/4 Echocardiography: +
CUS: +

CTPA: +++

Lung scintigraphy: ++

Pulmonary angiography: 
++++

Other 
strengths 

Echocardiography: 
concomitant evaluation of 
cardiac function and valves. 
Differential diagnosis of the 
cause of hemodynamic 
instability. PAP measure 
correlates with embolism area 
and is useful for follow-up 
monitoring of antithrombotic 
treatment efficacy 
CUS: exclusion of VTE as the 
cause of PE 

CTPA: differential diagnosis of 
the cause of the dyspnea. 
Lung scintigraphy: almost no 
contraindications. 
Pulmonary angiography: 
allows concomitant 
transcatheter treatment of PE. 

Procedural 
limitations 

Echocardiography: risk of poor 
acoustic window. 
CUS: relative difficult to 
distinct acute vs aged thrombi. 

CTPA: exposure to iodine 
contrast (critical concern in 
case of allergy, 
hyperthyroidism, pregnancy, 
renal failure). 
Lung scintigraphy   

• Planar V/Q scan: 
interobserver variability in 
interpretation. Results 
reported as likelihood 
probability. Cannot provide 
differential diagnosis.  

• V/Q SPECT: lack of 
validation studies. 
Variability in diagnostic 
criteria and techniques. 

Pulmonary angiography: 
invasive procedure. Exposure 
to iodine contrast. 

Abbreviations: CT, computed tomography; CTPA: computed tomography pul-
monary angiography; CUS, compression ultrasound sonography; PA, pulmonary 
artery; PAP, pulmonary artery pressure; ETE, transesophageal echocardiogra-
phy; VTE, venous thromboembolism; V/Q scan, ventilation-perfusion scan. 

* +/4 from less (+) to more (++++). 
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1.2.2. Echocardiography 
Echocardiography is not always performed as part of the diagnostic 

workup in low-risk patients with suspected PE while a normal test ex-
cludes PE as the cause of haemodynamic instability of high-risk patients 
[58]. The examination should be focused on the hemodynamic of the 
right heart, particularly for signs of RV pressure overload and dysfunc-
tion. However, given the peculiar geometry of the RV, echocardio-
graphic parameters providing reliable information on RV size and 
function are lacking. Indeed, cut-off parameters for RV anatomy are not 
univocal and mild RV dilatation can be found in a number of cardio-
vascular diseases as well as in healthy, sporty patients [59]. Similarly, 
also increased pulmonary artery pressure (PAP) has low specificity both 
in the general population and in oncologic patients where the disease 
itself can cause such alterations. Mild increases in PAP are very frequent 
in older patients due to chronic cardiac or respiratory diseases [60]; 
while severe PAP increase likely exclude acute PE since a normal, thin- 
walled RV cannot generate a mean PAP > 40 mmHg [58]. Systolic Tissue 
Doppler Imaging (S'TDI) and Tricuspid Annular Plane Systolic Excursion 
(TAPSE), the most used parameters to assess RV function have con-
cerning limitations regarding their sensitivity, in particular with 
concomitant significant tricuspid regurgitation and the dependency 
from the angle of insonation [61]. More specific echocardiographic 
findings such as 60/60 sign, McConnel sign or right heart thrombi are 
rarer and harder to spot but when found in haemodynamically 
compromised patient with suspected PE can be considered as diagnostic 
[62]. Lastly, echocardiography can be used to detect other possible 
causes of hemodynamic instability such as pericardial tamponade, acute 
valvular dysfunction, hypovolemia, aortic dissection or signs of chronic 
RV overload due to respiratory diseases [63, 64]. 

1.2.3. Compression ultrasound sonography (CUS) 
CUS reports DVT in 30–50% of patients with PE [65]. It has high 

specificity for proximal symptomatic DVT (>90% [66]), while its 
sensitivity reduces in non-proximal DVT. In this setting, CUS can be 
limited to a simple four-point examination (bilateral groin and popliteal 
fossa) where an incomplete compressibility of the veins indicates the 
presence of clots. Given its low-cost, short execution time and the high 
diagnostic yield, CUS should be done whenever DVT is suspected. This is 
justified by the fact that a positive proximal CUS may be considered 
sufficient to warrant anticoagulant treatment without any further test 
[67]. 

1.2.4. Computed tomographic pulmonary angiography 
Multidetector CTPA is the gold standard for PE diagnosis because of 

its rapidity and accuracy, with specificity and sensitivity up to 96% and 
83%, respectively [68]. In addition, in the emergency setting, the “triple 
rule-out” angio-TC allows to exclude 2 other acute thoracic syndromes 
such as myocardial infarction and aortic dissection which can mimic PE 
[69]. CTPA can also detect RV enlargement (RV end-diastolic diameter 
and RV/LV ratio measured in the transverse or four-chamber view) as an 
indicator of RV dysfunction which is a recognized independent risk 
factor for mortality [70] and has good prognostic specificity also in 
patients considered at low-risk [71–73]. On the contrary, patients with 
high clinical probability but negative CTPA may require further in-
vestigations [44]. 

1.2.5. Ventilation-perfusion scan 
The V/Q scan is historically established diagnostic test for suspected 

and matches pulmonary areas that remain ventilated but not perfused 
[74]. Although at the moment it is little used due to the high costs, the 
long acquisition times and the not negligible number of uncertain re-
sults, it still retains importance in patients not suitable for iodinated 
contrast enhancement [75], as in cases of severe renal insufficiency 
which is quite frequent in PWC [76–78]. 

1.2.6. Treatment and management 
PWC is probably the hardest category in terms of clinical-therapeutic 

management because several factors must be considered before every 
therapeutic choice. Indeed, since the malignance is usually a systemic 
disease, a patient with cancer is typical frailer, malnourished and with 
reduced energy compared to a person of the same age. Moreover, several 
cancer or chemotherapy-related comorbidities such as anemia, renal 
failure, reduced mobility, chronic pain, nausea and vomiting and 
depression could coexist in the same patient. Moreover, CWP are 
intrinsically at increased risk for arterial and venous thromboembolism 
and bleeding events. All these factors contribute to making the man-
agement of any type of therapy complex [79]. A flowchart of treatment 
and management is showed in Fig. 2. 

1.2.7. Anticoagulation 
Anticoagulants are the gold standard therapy in patients with VTE 

due to their proved efficacy in preventing the spreading of existing 
thrombi, the formation of new clots, as well as the recurrence of PE. 
Anticoagulation greatly improves morbidity and mortality of VTE and 
should be initiated in patients with high or intermediate risk of PE while 
awaiting the results of diagnostic tests. This is usually done with sub-
cutaneous, weight-adjusted low-molecular weight heparin (LMWH) or 
fondaparinux preferred over intravenous unfractionated heparin (UFH) 
due to their lower risk of major bleeding and heparin-induced throm-
bocytopenia [80–82]. However, UFH remains recommended for patients 
with serious hemodynamic instability at risk for decompensation 
requiring reperfusion and in patients with severe renal failure (creati-
nine clearance <15 ml/min) [83]. In common practice, most patients 
are treated starting with parental anticoagulation and then switched to 
oral treatment with novel oral anticoagulants (NOACs) which are more 
suitable for long-term therapies such as that of PE with a minimum 
duration of 3 months [84]. Among NOACs, apixaban and rivaroxaban 
are also approved for acute PE as starting therapy, albeit in clinical 
practice this strategy is usually chosen only for intermediate-low risk 
patients with indication to early discharge [85, 86]. Accordingly, 
NOACs are today the first choice for both initial and long-term treatment 
of PE, in absence of contraindication [44], [87]. Efficacy and safety of 
NOACs in PWC have been only recently investigated. NOACs showed 
non-inferiority in reducing VTE recurrence compared with LMWH in the 
most recent metanalysis and randomized controlled trials (RCTs). 
However, for edoxaban and dabigatran, a certain major bleeding risk 
compared to LMWH, particularly for patients with GI tract tumors was 
found [88–93]. These results however were not univocal among all 
metanalysis [94,95]. NOACs have also not negligible pharmacokinetic 
interactions that raise concerns in settings of polypharmacotherapy or 
when administered with drugs metabolized by Cytochrome P450 3A4 
(CYP3A4) and p-glycoprotein 1 (p-gp) such as many chemotherapies 
including vinblastine, doxorubicin, imatinib, crizotinib, abiraterone and 
enzalutamide or immune-modulating agents such as cyclosporine, 
tacrolimus and dexamethasone [96]. For these reasons, LMWH remains 
the treatment of choice in those patients [97]. However, the most novel 
evidence on apixaban have provided optimistic expectations, suggesting 
apixaban as the best alternative, among NOACs, in patients with 
gastrointestinal (GI) for its lower risk of major bleedings [98–100]. 
Indeed, the safety profile of apixaban is well-known since it is already 
the reference NOAC in all patients at high risk of bleeding [96,101,102]. 
To date, two RCT have compared apixaban and LMWH for the treatment 
of cancer-associated VTE. The ADAM VTE trial [99], which randomized 
300 patients to either apixaban or LMWH for six months, reported 
higher recurrent thrombosis in the LMWH group (hazard ratio 0.099, 
0.013 to 0.780) without any difference in safety outcomes of major 
bleeding or clinically relevant non-major bleeding rates (6% in each 
group). After ADAM VTE, the larger CARAVAGGIO trial [103] ran-
domized 1170 patients to apixaban or LMWH. Again, apixaban was non- 
inferior to LMWH for the primary outcome of recurrent VTE with no 
difference reported in major bleeding occurrence, the primary safety 
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Fig. 2. Management of pulmonary embolism in patients with cancer. DOAC, direct oral anticoagulant; IVCF, inferior vena cava filter; KRS, Khorana score; LMWH, low-molecular weighted heparin; PESI, Pulmonary 
Embolism Severity Index; sPESI, simplified Pulmonary Embolism Severity Index; UFH; unfractioned heparin; VTE, venous thromboembolism. 
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outcome. However, caution should be applied in making generalized 
comparisons of the safety outcome in CARAVAGGIO with those of pre-
vious trials, as important differences exist. Indeed, CARAVAGGIO 
excluded patients with either primary or metastatic central nervous 
system disease and acute leukemia. Moreover, there was also an 
imbalance between the 2 arms in upper GI malignancies (4% in apix-
aban arm vs 5.4% in LMWH arm). 

1.2.8. Reperfusion 
More aggressive invasive and non-invasive options are available in 

cases of high-risk PE, hemodynamic instability, ineffectiveness or con-
traindications of anticoagulation [104]. Systemic thrombolysis 
compared to UFH leads to faster improvements in term of pulmonary 
obstruction, PAP, PVR and RV dilatation [105–107], with the greatest 
benefit observed if initiated within 48 h of symptom onset [108]. 
However, a not negligible risk of either major bleeding or intracranial 
haemorrhage must be considered [109]. For this reason, the role of 
thrombolysis is still debate in patients without high-risk PE [110]. Me-
chanical reperfusion by catheter directed mechanical fragmentation, 
thrombus aspiration, or more commonly a combined mechanical frag-
mentation with in-situs reduced-dose thrombolysis is usually considered 
the bailout option in dramatic cases of concomitant very-high risk PE 
and intermediate-high bleeding risk. Yet, most of the knowledge derive 
from registries and pooled results from case series [111,112]. A single 
RCT reported superiority of catheter-based ultrasound clot fragmenta-
tion combined with low-dose in situ thrombolysis against conventional 
UFH treatment in terms of maintained RV dimension and function 
[113]. Although catheter-based local thrombolysis might carry lower 
risk of bleeding, the risk of them being major is often high or even 
similar to systemic thrombolysis [114,115]. Notably, intracranial hem-
orrhages were reported as 10% in a cohort [114]. In summary, lack of 
consensus still exists on reperfusion treatments, with different selection 
criteria in each centre mainly guided by clinical practice and by the local 
expertise. This situation is even more uncertain for PWC, who are 
intrinsically frailer, with potential more comorbidities related to che-
motherapies and with higher bleeding risk. Cancer itself is not consid-
ered as an absolute contraindication to the systemic thrombolysis 
exception made for intracranial cancers [116]. Other absolute contra-
indications include history of intracranial bleeding or active hemor-
rhages, whereas non-intracranial hemorrhages or major surgeries are 
considered milder obstacles. Clinical data concerning the specific use of 
fibrinolysis in patients with malignancies are lacking. A comparative 
study reported lower reperfusion of lung tissues in cancer than in non- 
cancer patients at 24 h (6 vs 13%, respectively) [117]. PWC are very 
low represented in studies using thrombolysis and only case reports are 
published [117–121]. Notably, a retrospective study of 178 patients 
reported the safety of catheter based thrombolysis for deep vein 
thrombosis in PWC [122]. In summary, in absence of consensus in this 
setting, a careful evaluation of the risk-benefit profile in PWC with high- 
risk DVT is suggested. 

1.2.9. Inferior vena cava filters (IVCFs) 
IVCFs mechanically prevent venous clots from reaching the pulmo-

nary circulation. The device is usually inserted percutaneously and can 
be left in place over long term when needed. Such devices find indica-
tion when anticoagulants cannot be prescribed or in cases of VTE 
recurrence despite adequate anticoagulation [58]. IVCFs are able to 
reduce the incidence of PE up to 50% but at the expense of an increased 
incidence of DVT at long term (up to 70%) [123]. Therefore, its indi-
cation in PWC is lower in consideration of their thrombotic risk thus the 
risk-benefit profile needs to be carefully evaluated on the single case. 
The American Society of Clinical Oncology (ASCO) in its guidelines 
recommend placing IVCFs in patients with established or chronic 
thrombosis (diagnosis >4 weeks) or in patients with a temporary ab-
solute contraindication to anticoagulation [124]. Currently, they are not 
used in primary prevention. IVCFs are largely used in PWC despite no 

clear positive effects on prognosis as well as on recurrence are provided 
[123,125,126]. Two large retrospective and prospective cohort studies 
showed that the placement of IVCFs in patients with cancer and acute 
lower extremity DVT ameliorates the overall time of survival (Hazard 
ratio 0.69; 95% CI, 1.08–1.10) and PE-related risk of all-cause mortality 
(0.8% vs. 4%; p = 0.04), despite higher recurrence of DVT [127,128]. 

1.3. Key messages for decision making 

1.3.1. Primary prevention of VTE in PWC 
Since cancer independently increases the risk of VTE, every patient 

should be stratified for such possibility. In this light, the Khorana score 
(KRS) [129] is a clinical risk assessment tool created in order to predict 
the risk of VTE in PWC that will receive chemotherapy and may be useful 
for identifying those that may benefit the most from thromboprophy-
laxis [130]. Such tool has been largely validated in ambulatory patients 
[131,132], while less was done on hospitalized patients [133,134]. This 
score considers the site of cancer, platelet count, hemoglobin level, 
leukocytes, and body mass index. A KRS ≥2 predicts higher risk of VTE 
(9% of the population [135]) and higher all-cause mortality [136,137]. 
However, KRS works sub-optimally in low-risk patients and it has lower 
performances in predicting VTE in specific subtypes of malignancies 
such as lung [138], urothelial [139] and hepatocellular [140] carci-
noma. In a pooled analysis of the recent CASSINI and AVERT studies, 
comparing thromboprophylaxis with NOACs against placebo, NOACs 
reduced the 6-month VTE risk of 46% in patients with KRS ≥2 [141]. 
Accordingly, recent guidelines suggest to use KRS in order to decide 
when to use anticoagulation for primary prevention in PWC patients 
scheduled for chemotherapy [97]. Also, primary anti-thrombotic pre-
vention is indicated in ambulatory patients suffering from with multiple 
myeloma receiving thalidomide- or lenalidomide-based-regimens com-
bined with chemotherapy and/or dexamethasone as well as in in-
dividuals with locally advanced or metastatic pancreatic cancer. 
Recommended anticoagulants are apixaban and rivaroxaban (as 
demonstrated in AVERT [142] and CASSINI [143]) or LMWH [97,144]. 
Low dose aspirin is recommended in low-risk patients, while VKAs are 
no longer recommended exception made for those patients for which 
other approaches are unsuitable. On the opposite, hospitalized patients 
have stronger indications to thromboprophylaxis as hospitalization as-
sociates itself with an increased risk of VTE [145]. Accordingly, 
thromboprophylaxis is recommended in PWC >75 years old, in those 
with comorbidities (like obesity, varicose veins and/or chronic venous 
insufficiency, inflammatory bowel disease, chronic heart failure, 
chronic respiratory failure or myeloproliferative syndrome), or in in-
dividuals assuming hormone replacement therapy. Acute conditions 
such as acute infection or acute rheumatic disorder represent themselves 
other indications for primary prevention [146–148]. In high risk PWC 
undergoing surgery, thromboprophylaxis should be continued for at 
least 7 to 10 days and may be extended for up to 4 weeks postoperatively 
in cases of radiotherapy, major open or laparoscopic abdominal or pelvic 
surgery or when any of the above-mentioned high-risk conditions occur 
[124]. 

1.3.1.1. Treatment of acute PE. Management of the VTE acute phase in 
PWC do not differ from general practice. Oxygen supplementation is 
recommended when the oxygen saturation falls <90%, with the possi-
bility to add ventilation support in a non-invasive way (e.g. through high 
flow nasal cannula [149]) up to mechanical ventilation and until veno- 
arterial extracorporeal membrane oxygenation (VA-ECMO) for extreme 
cases [150]. Fluid administration to optimize the cardiac output and 
avoid RV overloading can be done under control of central venous 
pressure monitoring or ultrasound imaging of the inferior vena cava. 
Also, vasopressors may be indicated in patients with persisting hypo-
tension while nitric oxide inhalation remains controversial due to the 
absence of consensus [151]. 
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According to 2019 ESC guidelines, risk stratification is mandatory for 
determining the appropriate therapeutic management of acute PE. As 
previously mentioned, risk stratification is based on clinical symptoms 
and signs of haemodynamic instability, with high risk of early death and 
requiring immediate referral for reperfusion strategies [58]. In the large 
remaining group of patients without haemodynamic instability, the 
presence of RV dysfunction, elevated plasma troponin concentrations or 
other clinical parameters/comorbidities conditioning a Pulmonary 
Embolism Severity Index (PESI) class III/IV or simplified version (sPESI) 
≥1 adversely affect the early prognosis. PESI and sPESI scores have been 
extensively validated to date and showed high predictive ability 
[152–156]. Further laboratory biomarkers such as NT-proBNP may 
provide additional prognostic information with good negative predic-
tive value when <600 ng/mL against early mortality [157]. While the 
use laboratory biomarkers is not necessary for immediate therapeutic 
decisions in high-risk PE, their use is recommended for the optimal 
management of non-high-risk PE (early discharge vs. hospitalization). 
Also, RV dysfunction is a critical determinant of negative outcome 
predicting sudden hemodynamic destabilization and in-hospital death. 

1.3.1.2. Incidental VTE. It is estimated that approximately 50% of all 
pulmonary embolic events in PWC are now incidentally detected during 
routine imaging scans [12]. Incidental VTE appears to be associated 
with recurrent VTE and mortality similarly to symptomatic VTE 
although current evidence largely derives from observational and 
retrospective data [158–161]. Hokusai VTE [91] was the first RCT in this 
setting that also enrolled patients with incidental VTE, providing novel 
high-quality evidence on clinical outcomes. As reported in a subgroup 
analysis, the risk of recurrent VTE was numerically higher in the group 
of patients with symptomatic VTE (11% vs 7.9%) but such difference did 
not reach statistical significance (hazard ratio [HR]: 0.68; 95% CI: 
0.43–1.06) [162]. Yet, such study was not powered to detected differ-
ences between patients with symptomatic or incidental VTE. In this 
setting of lacking data, international guidelines recommend a similar 
treatment duration and strategy in both groups of patients. Major un-
certainties remain about optimal management of incidental splanchnic 
vein thrombosis. More than one third are identified in association with 
solid tumors [163]. The prognosis seems to be similar to that of clinically 
suspected splanchnic vein thrombosis and the anticoagulant treatment is 
reported to reduce the risk of thrombotic/embolic events without 
significantly increasing that of bleedings [163,164]. Similarly, we also 
face a lack of literature with respect to anticoagulation therapy in iso-
lated, incidental subsegmental PE. In the only available pooled analysis 
(926 patients with incidental PE), the risk of recurrence was similar to 
what reported in patients with proximal PE [165]. 

1.3.1.3. Secondary prevention of VTE. PWC have higher risk of recur-
rence as compared to those without. Therefore, anticoagulation after a 
thrombotic episode is indicated for at least six months [58]. Edoxaban 
and rivaroxaban are valid alternatives to LMWH, but caution should be 
used in patients with GI cancers in consideration of the increased 
bleeding risk. However, as mentioned above, recent RCTs and 
metanalysis indicated apixaban as the DOACs with the best safety and 
efficacy profile in this category. To date, no one tool for stratification of 
the bleeding risk during stable anticoagulation after a first VTE in the 
specific category of PCW has been validated. The widely assessed VTE- 
BLEED risk score is based on six variables of which one is the presence of 
active cancer [166,167]. Risk categories are divided in high- (≥2 points) 
and low-risk (<2 points). High risk patients have 4-fold higher risk of 
bleeding vs low risk according to this score. Its strength lies on the 
reliable capability to identify patients at risk of intracranial and fatal 
bleeding events. Furthermore, the absence of an ambiguous inter-
mediated bleeding risk category should improve the therapeutic in-
dications. Among its limitations, such score do not take into 
consideration the origin of the cancer and was not validated in the 

setting of recurrent thromboembolisms [166]. Another score, HAS- 
BLED, recently demonstrated good predictive value in patients with 
VTE [168]. In a retrospective study, Brown JD et al. [169] have 
demonstrated that the presence of “cancer” in addition to all HAS-BLED 
covariates provided the strongest association to major bleedings (csHR 
= 2.25; 95% CI: 1.98–2.56, sdHR = 2.11; 95% CI: 1.85–2.41). 

In conclusion, since all cited scores have in common the inability to 
comprehensively consider all high bleeding risk factors, each thera-
peutic decision must be weighted for each patient. Other factors that 
should be taken into consideration includes previous stroke, concomi-
tant antiplatelet therapy or non-steroidal anti-inflammatory drugs, other 
serious acute or chronic illness and poor anticoagulation control. The 
presence of a stable or active primary intracranial malignancy or brain 
metastases is not an absolute contraindication to anticoagulation [124]. 
Preliminary retrospective data suggest that DOACs may be associated 
with a lower risk of intracranial haemorrhage than LMWH in patients 
with metastatic brain disease and venous thrombosis [170]. Thrombo-
cythemia is another non-negligible high bleeding risk factor that greatly 
influence the decision making. If platelets are >50,000/μl anti-
coagulation can be administered in absence of bleeding while relative 
contraindication exists if platelets are <50,000/μl. If anticoagulation is 
needed, consider platelet transfusion to maintain platelets 40,000- 
50,000/μl or halve the dose of LMWH. If platelets <25,000 μl hold 
anticoagulation and transfuse platelets to continue therapy or use IVCF 
[97]. In the event of VTE recurrence during anticoagulant treatment, 
ASCO guidelines recommend in patients treated with LMWH to increase 
their dosage by 20–25% or to switch to DOAC/fondaparinux, while in 
those under DOACs or VKA to switch to LMWH/fondaparinux. 

2. Conclusions 

VTE is the second leading cause of death in PCW. The diagnosis of 
such disease may be more difficult in those patients due to many con-
founding factors. Yet, anticoagulant therapy deserves particular atten-
tion cause PWC show higher rates of recurrence, poorer survival, higher 
bleeding risk and multiple drugs interactions. NOACs might simplify the 
treatment of VTE thanks to their oral administration, fixed dose regi-
mens and lower cost. Yet, the evidence about the use of this class of 
anticoagulants in PWC requires further validation. Further studies are 
required to improve risk stratification tools in this particular class of 
patients and to increase the level of evidence of guidelines 
recommendations. 
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