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Abstract
Cancer patients are at high risk of developing thrombotic events, including venous thromboembolism (VTE) [deep venous 
thrombosis (DVT) and pulmonary embolism (PE)], and arterial thrombosis. DVT and PE represent the second leading cause 
of death in cancer patients; moreover, the development of thromboembolic events in cancer patients is linked to a greater 
need of hospitalization and frequency of side effects during treatment, in particular bleeding, and to an increased risk of 
recurrence during and following antithrombotic therapy. The thromboembolic risk may be different in different subgroups 
of cancer population, being highest in patients with metastatic disease, patients with pancreas, stomach, kidney or primary 
brain cancer, or during therapeutic interventions or surgery. This document focuses on several relevant topics including 
the epidemiology and pathogenesis of cancer-associated VTE, the current and future strategies of primary prevention and 
anticoagulant treatment, and the management of bleeding complications. The main literature data are discussed in detail, 
including, when available, evidence from randomized clinical trials and meta-analyses, international guidelines statements, 
the results of recently published trials comparing direct oral anticoagulants to low molecular weight heparin, and the design 
and aims of ongoing trials on prevention/treatment of cancer-associated VTE.
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Introduction

Cancer patients are at high risk of developing thrombotic 
events, including venous thromboembolism (VTE) [deep 
venous thrombosis (DVT), pulmonary embolism (PE)], 

and arterial thrombosis. These complications contribute to 
the considerable morbidity and mortality of cancer, con-
sidering that VTE is the second leading cause of death in 
these patients [1–4], second only to cancer itself, and may 
precede or coincide with its diagnosis. These patients are at 
an increased risk of VTE recurrence or bleeding during anti-
coagulant therapy. Moreover, the diagnosis and management 
of thromboembolic events often interrupt or delay essential 
cancer treatments [5]. Incidental VTE, including splanchnic 
thrombotic events, further contributes to the thromboem-
bolic burden in cancer patients. For these reasons, the man-
agement of VTE events in cancer patients is challenging and 
often suboptimal.

Purpose The aim of this statement is to provide Italian 
internists with the opinion of some experts of Italian Society 
of Internal Medicine (SIMI) on available data, sometimes 
still scarce or controversial, and with recent emerging evi-
dence, concerning the prophylaxis and treatment of VTE in 
patients with cancer, and the use of antithrombotic drugs in 
this setting.
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This paper is also devoted to illustrating how the intro-
duction of direct oral anticoagulants (DOACs) has created 
a new opportunity for the treatment of these patients by also 
providing the possibility of rapid hospital management with 
low mortality risk and new perspectives for prevention of 
relapses.

Vte in patients with cancer: epidemiology 
and mechanisms

Epidemiology

The incidence of VTE in patients with cancer is about four 
to seven times higher than in healthy subjects [6, 7], and has 
been increasing over recent years thanks to improved patient 
survival, more aggressive cancer treatments, and a better 
awareness of cancer-associated thrombosis [8]. It is esti-
mated that about 15% of cancer patients will develop VTE, 
and that about 20% of patients with VTE have an unknown 
neoplasm at the time of diagnosis [8]. DVT and its compli-
cation, PE, represent the second leading cause of death in 
cancer patients; moreover, in this setting, the development 
of VTE is linked to an increased risk of hospitalization and 
frequency of side effects during anticoagulant treatment, in 
particular bleeding, and to an increased risk of recurrence 
following antithrombotic therapy [9]. Cancer patients are 
also more likely to develop “unusual site” VTE, i.e., throm-
bosis that involves any venous segment outside the veins of 
the lower limbs and the pulmonary arteries, such as upper 
extremities, cerebral veins, caval vein, and splanchnic dis-
trict (which encompasses the Budd–Chiari syndrome, portal 
vein thrombosis, mesenteric vein thrombosis, and splenic 
vein thrombosis) [10]. In patients with an active cancer, the 
risk of development of a DVT in the upper extremities is 
18-fold higher compared to healthy subjects. In this unusual 
location, thrombosis occurs most often as a consequence of 
the placement of endovascular devices (i.e., central venous 
catheters) for administration of chemotherapy, antibiotics 
or nutrition [8]. Regarding splanchnic vein thrombosis, its 
association with neoplasms, especially hematological, is 
well recognized: myeloproliferative neoplasms are diag-
nosed in up to half of the patients with Budd–Chiari syn-
drome, and in one-third of those with extrahepatic portal 
vein obstruction [11].

Finally, in a significant proportion of patients with cancer, 
VTE is defined “incidental” or “unsuspected,” because it is 
diagnosed as an incidental finding on computed tomography 
(CT) scans performed for other indications, typically staging 
or restaging of malignancy. The prevalence of incidental 
VTE is not rare: it has been estimated that the finding of 
an incidental PE in hospitalized cancer patients on routine 
radiographic studies of the chest is 4–9% [12]. In a study 

of pancreatic cancer patients, incidental VTE accounts for 
33.3% of PEs, 21.4% of DVTs, and 100% of visceral VTEs 
[13]. It must be emphasized that the negative impact of inci-
dental VTE on the prognosis of cancer patients does not 
differ from that of symptomatic VTE, with similar rates of 
recurrence, bleeding, and mortality [12].

Mechanisms

The association between thrombosis and cancer has been a 
subject of study for a longtime, starting from the pioneer-
ing researches of the French internist Armand Trousseau 
and the Viennese surgeon Theodor Billroth in the nineteenth 
century [14]. Cancer cells promote the activation of blood 
coagulation directly by generating thrombin, or indirectly 
by stimulating endothelial cells and circulating leukocytes 
and platelets to synthesize and express pro-coagulant factors 
[14]. On the other hand, proteins and cells involved in the 
hemostatic process may play a role in cancer progression 
[15]. As shown in Table 1, risk factors for cancer-associ-
ated thrombosis can be divided into three categories [16]. 
Regarding patient-related factors, in addition to demo-
graphic risk factors for VTE, such as age, gender, and race, 
cancer patients with a previous history of VTE, increased 
medical comorbidities, and those with specific issues such 
as infection, pulmonary disease, renal disease, and obesity 
have higher rates of VTE [16]. Among the factors related 
to cancer itself, the highest incidence of VTE is observed 
in patients with tumors originating in pancreas, stomach, 
brain, kidney, uterus, lung, and ovary as well as in patients 
with myeloma, lymphoma and leukemia, in particular in 

Table 1   Clinical factors associated with increased risk of cancer-
associated VTE (modified from Khorana et al. [16])

Cancer-related factors
Primary site of cancer (mostly pancreas, brain, stomach, kidney, lung, 

lymphoma, myeloma)
Histology (especially adenocarcinoma)
Advanced stage (metastatic)
Initial period after cancer diagnosis
Patient-related factors
Demographics: older age, female sex, African ethnicity
Comorbidities (infection, chronic kidney disease, pulmonary disease, 

atherothrombotic disease, obesity)
History of venous thromboembolism, inherited thrombophilia
Low performance status
Treatment-related factors
Major surgery
Hospitalization
Chemotherapy and anti-angiogenic agents
Hormonal therapy
Transfusion, central venous catheters
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the first months after the diagnosis and in relation to the 
extension of the neoplasm and to the presence of metastasis 
[16]. Histological subtype also predicts the occurrence of 
cancer-associated VTE in some types of malignancy: for 
example, among patients with non-small-cell lung cancer, 
those with adenocarcinoma have a higher risk of developing 
VTE compared to subjects with squamous cell carcinoma 
[17]. Furthermore, cancer therapies themselves can increase 
the risk of VTE. Major surgery, immobilization associ-
ated with invasive procedures, placement of endovascular 
devices, such as central venous catheters, and, in general, 
hospitalization, are all factors related to an increased risk 
of VTE [7]. Regarding medical treatment of cancer, it has 
been estimated that the risk of VTE is 2–6 fold increase 
in patients undergoing systemic chemotherapy and that it 
is strictly related to the type of drug administered, being 
greater with anti-angiogenic agents, cisplatin, thalidomide 
and lenalidomide, in particular in combination with steroids 
or chemotherapeutic agents [12]. The mechanisms underly-
ing the prothrombotic effects of cancer chemotherapy have 
only been partially elucidated and are likely to be multiple: 
anti-neoplastic drugs have been shown both to amplify the 
prothrombotic effect of cancer cells as well as causing a 
direct damage to vascular endothelium [14]. Moreover, sup-
portive therapy, i.e., the use of the erythropoiesis-stimulating 
agents, as well as blood transfusions and steroids have also 
been associated with an increased risk of VTE [14, 15].

Strategies for prevention of VTE in patients 
with cancer

How can cancer patients be defined at high 
thromboembolic risk?

Although cancer patients are commonly considered at signif-
icant risk for VTE, this risk may be different in subgroups of 
this population, being the highest in: patients with metastatic 
disease, patients with pancreas, stomach, kidney, primary 
brain, uterus, lung, ovary cancer and patients with myeloma, 
lymphoma and leukemia, or during therapeutic interventions 
or surgery [4].

The recent guidelines for prevention and treatment of 
VTE in cancer patients released by the American Society 
of Clinical Oncology (ASCO) suggest that, to assess the 
level of risk and identify patients at “high risk” for throm-
bosis, “score systems” combining clinical and biological 
markers should be used [18]. The availability of predic-
tive models facilitates the identification of patients at the 
highest risk, who have the greatest benefit/risk ratio from 
receiving antithrombotic pharmacological prophylaxis. 
The first “risk assessment model” (RAM) developed for 
cancer patients was the Khorana Score (Table 2), that is 

specific for patients undergoing chemotherapy [19]. This 
RAM is based on five predictive variables: cancer site, 
platelet count, hemoglobin level (or the use of erythropoie-
sis-stimulating agents), leukocyte count, and body mass 
index (BMI). This model, using a simple scoring system, 
has been shown to accurately predict the short-term risk of 
symptomatic VTE in patients undergoing chemotherapy, 
and has been validated in prospective and retrospective 
studies [3, 20–22]. The Vienna Cancer and Thrombosis 
Study (CATS) group expands the score by adding two 
thrombotic biomarkers (soluble P-selectin and D-dimer), 
showing that the risk prediction is considerably improved. 
Nevertheless, an important limitation of this score is the 
lack of simple availability of a serum P-selectin detection 
assay [21, 22].

More recently, a modified Khorana risk assessment score, 
the PROTECHT (Prophylaxis Thromboembolic Events 
Chemotherapy) score, was designed by adding platinum-(1 
point) or gemcitabine-based (1 point) chemotherapy to the 
five original predictive variables for identifying high-risk 
patients in a post hoc analysis of the PROTECHT trial [23]. 
The clinical performance of this score is comparable to 
that of the original Khorana score [22]. Two new scores 
(ONCOTEV, COMPASS) have been proposed for ambula-
tory cancer patients undergoing chemotherapy, but they have 
not yet been validated [24, 25].

In the setting of multiple myeloma (MM), a RAM based 
on expert recommendation statements has been developed 
for the prevention of thalidomide and lenalidomide-asso-
ciated thrombosis [26]. Finally, the Ottawa Score has been 
developed to identify, among cancer patients with throm-
boembolism, those at highest risk of recurrences, who may 
need prolonged anticoagulation [27]. The role of new throm-
botic biomarkers (i.e., microparticle-associated tissue factor 
activity) to determine the individual risk of thromboembo-
lism is under investigation [1, 2].

Table 2   Khorana score

High risk: score ≥ 3
Intermediate risk: score 1 - 2
Low risk: score 0
BMI Body mass index, ESAs erythropoiesis-stimulating agents

Patient characteristic Score

Site of cancer
 Very high risk (stomach, pancreas) 2
 High risk (lung, lymphoma, gynecologic, genitourinary 

excluding prostate)
1

Platelet counts ≥ 350,000 per mm3 1
Leukocyte counts > 11,000 per mm3 1
Haemoglobin < 10 g/dL or use of ESAs 1
BMI ≥ 35 kg/m2 1
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Prophylaxis of VTE in cancer patients hospitalized 
on internal medicine units for acute illnesses

There are no dedicated randomized clinical trials on antithrom-
botic prophylaxis in hospitalized cancer patients. The available 
trials in this setting enroll hospitalized medically ill patients 
of whom a variable proportion are patients with a history of 
cancer [28–31].

However, the current guidelines, influenced by trials on 
prophylaxis in medically ill patients [29–31], and based on the 
fact that active cancer is a strong risk factor for VTE, clearly 
recommend pharmacological prophylaxis throughout hospi-
talization in high-risk cancer patients with acute medical ill-
nesses, in the absence of bleeding or other contraindications 
[18, 32–34]. Multiple scoring systems to predict in-patient 
VTE currently exist; in particular, the Padua Prediction Score 
(PPS) is widely recommended [35] in the setting of hospi-
talized cancer patients [18]. Unfortunately although PPS and 
other tools include an active diagnosis of cancer as a variable, 
these scores have been derived from populations of medically 
ill hospitalized patients, and they have not been validated 
specifically for hospitalized cancer patients. Moreover, the 
standard pharmacological prophylaxis, evaluated in trials on 
prophylaxis in medically ill in-patients (enoxaparin 40 mg, 
dalteparin 5000 IU, fondaparinux 2.5 mg), does not reduce 
the overall rate of VTE compared with placebo in a review on 
307 cancer patients, and the recommended doses may be sub-
optimal for this high-risk population [36, 37]. Recently Patell 
et al., in a retrospective study, also validate the Khorana score 
as a tool to predict VTE in hospitalized cancer patients [38]. 
The authors find that this score is significantly associated with 
the risk of in-patient VTE [38]. Further studies to compare the 
performance of Khorana score with other risk assessment tools 
in hospitalized cancer patients and to incorporate thrombotic 
biomarkers to improve risk assessment are needed. Dedicated 
studies are also needed to re-evaluate the benefit of prolonging 
pharmacological prophylaxis after hospital discharge, consid-
ering that cancer patients may remain at high risk of VTE after 
hospitalization. The pharmacological prophylaxis extended 
to another 28 days, after the standard 10 days, significantly 
increases the bleeding risk in the EXCLAIM study, with a 
non-statistically significant reduction of rate of VTE in the 
subgroups of cancer patients [39]. Finally, further evidence 
should be obtained with the DOACs that are not licensed for 
prophylaxis in medical in-patients with cancer [40, 41].

The role of non‑pharmacological primary VTE 
prophylaxis in high bleeding risk neoplasms, 
and in case of thrombocytopenia

Bleeding risk Cancer patients are exposed to a high bleeding 
risk because of possible thrombocytopenia (resulting from 
chemotherapy) or other cancer-related characteristics, such 

as the site of the disease (i.e., primary brain tumors). In 
cases of active bleeding or of a high risk of bleeding, most 
guidelines do not recommend anticoagulation and suggest 
the use of mechanical prophylaxis, in the form of pneumatic 
compression devices or graduated compression stockings 
(GCS) [18, 34]. However, there are no studies including only 
patients with cancer for mechanical prophylaxis. Mechanical 
prophylaxis seems to be effective in reducing post-operative 
VTE, but evidence in the medical setting is controversial 
[36]. However, based on extrapolation of data from these 
populations, mechanical prophylaxis should be considered 
in hospitalized patients with active cancer and concomitant 
active bleeding or high risk of bleeding until the bleeding 
risk decreases.

Thrombocytopenia Pharmacological primary prophylaxis 
should be continued in case of mild thrombocytopenia, when 
the platelet count is ≥ 50,000/mm3. If the platelet count is 
between 25,000/mm3 and 50,000/mm3, pharmacological 
prophylaxis should be decided on an individualized basis. 
According to guidance from the SSC of the International 
Society of Haemostasis and Thrombosis (ISTH), and in the 
absence of clear evidence on platelet cutoffs, pharmacologi-
cal primary prophylaxis should be avoided and mechani-
cal prophylaxis utilized, in patients with a platelet count of 
< 25,000/mmc [36].

Primary VTE prophylaxis in surgery for cancer

All patients with malignancy undergoing major surgical 
interventions should be considered for pharmacological 
prophylaxis because, compared with non-cancer patients, 
those with malignancy have a 2–3-fold higher risk for VTE 
during the peri-operative period [3]. However, activation of 
the coagulation system is known to persist in the post-oper-
ative period, beyond the first 7–10 days following surgery. 
Multiple studies and meta-analyses [42–45] have compared 
the safety and efficacy of extended-duration VTE prophy-
laxis, i.e., for 3–4 weeks after surgery, with in-hospital 
prophylaxis in major abdominal or pelvic oncologic surgery. 
The results favor extended duration prophylaxis in terms of 
reducing the incidence of thromboembolic events with no 
significant differences in outcomes such as major bleeding 
and death. Based on the available data, current ASCO and 
National Comprehensive Cancer Network (NCCN) guide-
lines recommend that anticoagulants should be continued 
for 7–10 days in all patients, with the exception of patients 
undergoing major abdominal or pelvic surgery for cancer 
who have high-risk features such as restricted mobility, obe-
sity, history of VTE, or with additional risk factors, in whom 
VTE prophylaxis should be continued for up to 4 weeks. 
On the other hand, the European Society of Medical Oncol-
ogy (ESMO) guidelines recommend a prolonged prophy-
laxis for all cancer patients undergoing major abdominal 
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or pelvic surgery. Finally, the American College of Chest 
Physicians (ACCP) guidelines recommend that ‘‘high-risk 
VTE patients undergoing abdominal or pelvic surgery for 
cancer who are not otherwise at high risk of major bleeding 
complications’’ should receive pharmacologic prophylaxis 
with LMWH for 4 weeks postoperatively, but recommend 
assessment of both VTE and bleeding risk before starting 
therapy [18, 32, 33, 46]. Unfortunately, there are no vali-
dated scores to assess thrombotic or hemorrhagic risk in this 
specific surgical setting, and an individual evaluation of the 
patient remains of primary importance.

Primary VTE prophylaxis in cancer outpatients

Several studies have focused on prophylaxis in the ambu-
latory cancer population. The PROTECHT (Prophylaxis 
Thromboembolic Events Chemotherapy) trial randomly 
assigned patients with metastatic or locally advanced lung, 
breast, gastrointestinal, ovarian, or head and neck cancer 
to receive daily subcutaneous (SC) nadroparin (3800 IU) 
or placebo. Rates of VTE in high-risk patients were 11.1% 
with placebo and 4.5% with nadroparin (NNT 15 vs. 77 
in low- and intermediate risk patients) [23]. Similarly, the 
SAVE-ONCO trial randomly assigned patients with meta-
static or locally advanced solid tumors during chemotherapy 
to receive semuloparin or placebo. This study demonstrates 
a significant reduction in the incidence of VTE in patients 
receiving semuloparin (1.2%), with no apparent increase in 
the incidence of major bleeding [47]. A subgroup analysis of 
the SAVE-ONCO study shows an NNT of 25 for high-risk 
patients and of 333 for low-risk patients, with no significant 
difference in the rates of bleeding between the two groups, 
suggesting the need to stratify the thromboembolic risk 
before initiating prophylaxis in ambulatory cancer patients 
to obtain the greatest benefit/risk ratio. Similarly, studies 
addressing specific high-risk tumors have demonstrated a 
profound benefit of anticoagulation in high-risk populations. 
The FRAGEM study (A Phase II Randomized Study of 
Chemo-Anticoagulation [Gemcitabine–Dalteparin] Versus 
Chemotherapy Alone [Gemcitabine] for Locally Advanced 
and Metastatic Pancreatic Adenocarcinoma) focused on 
patients with pancreatic cancer, and demonstrates a reduc-
tion in the rate of VTE from 23% in the placebo arm to 
3.4% in the prophylaxis arm (NNT 6) [48]. The PROSPECT-
CONKO 004 trial also addressed patients with pancreatic 
cancer finding a reduction in the rate of VTE from 9.87 to 
1.25% at 3 months and from 15.13 to 5% at 12 months [49]. 
In patients with MM treated with lenalidomide, aspirin and 
low-molecular-weight heparin (LMWH) demonstrate a simi-
lar benefit in reducing the incidence of VTE [2, 3].

Based on the results of available trials, the current guide-
lines [18, 32–34] do not recommend routine pharmacologi-
cal prophylaxis in cancer outpatients who have no additional 

risk factors for VTE. Clinicians should consider anticoagu-
lant prophylaxis in selected patients at high VTE risk receiv-
ing chemotherapy, based on the thrombotic risk assessment 
[18].

Ongoing trials are assessing the safety and efficacy of 
DOACs in ambulatory patients with cancer [50, 51]. The 
CASSINI trial will compare rivaroxaban 10 mg versus pla-
cebo for up to 6 months in adult ambulatory cancer patients 
(NCT02555878) [50]. The AVERT trial (NCT02048865) 
will evaluate low dose apixaban (2.5 mg BID) versus pla-
cebo [51].

Key points

•	 Patients with cancer are at increased risk of VTE, in the 
presence of multiple predisposing factors (patient-related 
risk factors and factors related to cancer itself). The risk 
of VTE may be different in subgroups of this population. 
To assess the level of risk and identify patients at “high 
risk” for thrombosis, the use of “score systems” combin-
ing clinical and laboratory markers is recommended.

•	 In the absence of bleeding or other contraindications, 
cancer patients hospitalized for acute medical illness 
should receive pharmacological prophylaxis.

•	 Mechanical prophylaxis should be considered in hospital-
ized patients with active cancer and concomitant active 
bleeding or at high risk of bleeding, until the bleeding 
risk decreases, and in patients with a platelet count of 
< 25,000/mmc.

•	 Anticoagulant prophylaxis is recommended for all 
patients undergoing major surgery for cancer, with 
extended prophylaxis (for up to 4  weeks) in major 
abdominal or pelvic surgery in patients who are not oth-
erwise at high risk of major bleeding complications.

•	 Clinicians should consider primary anticoagulant proph-
ylaxis in selected ambulatory patients at high VTE risk 
receiving chemotherapy, based on the thrombotic risk 
assessment.

Treatment of VTE in patients with cancer

What is the optimal treatment of acute VTE in cancer 
patients?

Except for selected patients requiring aggressive treatments, 
the large majority of cancer patients should be treated with 
therapeutic doses of LMWH, unfractionated heparin (UFH) 
or fondaparinux. A recent Cochrane meta-analysis of 15 
studies, where participants with cancer represented sub-
groups were studied, shows that in the initial treatment of 
VTE, LMWHs and UFH might have a different compara-
tive efficacy in people with cancer than in people without 
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cancer [52]. Among 13 studies comparing LMWH to UFH, 
LMWH likely decreases mortality at 3 months compared 
to UFH (RR 0.66, 95% CI 0.40–1.10), but does not rule 
out a clinically significant increase or decrease in VTE 
recurrence. A study comparing fondaparinux with heparin 
(UFH or LMWH) [53] cannot exclude a beneficial or det-
rimental effect of fondaparinux on mortality at 3 months 
(RR 1.25, 95% CI 0.86–1.81). A study comparing dalteparin 
with tinzaparin [54] cannot exclude a beneficial or detri-
mental effect of dalteparin on mortality (RR 0.86, 95% CI 
0.43–1.73), VTE recurrence, major or minor bleeding. Thus, 
LMWH is possibly superior to UFH in reducing mortal-
ity in the initial treatment of VTE in people with cancer. 
The confidence in this effect is reduced by both the risk of 
bias in included studies, and the likelihood of publication 
bias. However, there are additional advantages of LMWH 
related to SC administration in outpatient management [55]. 
The 2016 International Initiative on Thrombosis and Cancer 
(ITAC-CME) clinical practice guidelines state that LMWH 
is recommended for the initial treatment of VTE in patients 
with cancer (Grade 1B), but fondaparinux and UFH can 
also be used [2]. The ASCO guidelines [18] suggest dos-
ing regimens for the initial treatment of VTE in patients 
with malignancy: UFH 80 U/kg intravenous (IV) bolus, then 
18 U/kg per hour IV, with dose adjustment based on aPTT, 
dalteparin 100 U/kg every 12 h or 200 U/kg once daily, 
enoxaparin 1 mg/kg every 12 h or 1.5 mg/kg once daily, tin-
zaparin 175 U/kg once daily, fondaparinux 5, 7.5 or 10 mg 
once daily according to body weight (< 50 kg, 50–100 kg, 
> 100 kg).

What is the role of LMWH and vitamin K antagonists 
(VKA) after the acute phase?

LMWHs have been the standard treatment in the long-term 
management of cancer-associated thrombosis over the last 
15 years. In a landmark study (CLOT trial), 672 patients 
with cancer and acute symptomatic VTE were randomly 
assigned to receive dalteparin at a dose of 200 IU/kg SC 
once daily for 5–7  days and a coumarin derivative for 
6 months or dalteparin alone for 6 months (200 IU/kg once 
daily for 1 month, followed by a daily dose of 150 IU/kg for 
5 months) [56]. During the 6-month study period, 8.0% of 
patients in the dalteparin group have recurrent VTE com-
pared to 15.8% of patients in the coumarin group [hazard 
ratio (HR) 0.48; 95% confidence interval (CI) 0.30–0.77, 
p = 0.002]. No significant difference is observed between the 
two groups in the rates of major bleeding or any bleeding 
[56]. These results are not confirmed by other smaller size 
studies on LMWH versus warfarin, such as the CANTHA-
NOX [57] and the CATCH studies, which fail to demonstrate 
the superiority of LMWHs in preventing VTE recurrence 
[58]. Currently, LMWHs are recommended as first-line 

therapy for the short- and long-term management of cancer-
associated VTE by different international guidelines, includ-
ing those of ESMO [33], ACCP [59], ASCO [18] and NCCN 
[60]. However, the requirement of daily SC injections makes 
LWMH inconvenient to use, and compliance is an issue in 
some patients. Moreover, aside from their problematic use 
in renal insufficiency due to the reduced renal clearance, 
cost is an obstacle that limits their use in many countries. 
Although heparin-induced thrombocytopenia (HIT) occurs 
at a lower rate with LMWHs when compared to UFH, it 
constitutes a high risk in terms of morbidity and mortality. 
On the other hand, VKA, although not recommended as the 
preferred treatment in cancer VTE patients, are still widely 
used, given the oral route of administration and the relatively 
low cost: many clinicians are still prescribing warfarin or are 
using DOACs off-label in cancer-associated VTE patients. 
In a retrospective analysis of a large administrative database 
including over 100,000 patients with cancer-associated VTE, 
oral agents, with particular reference to warfarin, are the 
most commonly prescribed anticoagulants, with DOACs 
prescribed in 10% of patients and LMWH in approximately 
40% [61].

What is the role of DOACs after the acute phase?

Over the past few years, DOACs were thoroughly investi-
gated in the acute treatment of both DVT and PE. Evidence 
on the use of DOACs in cancer patients until recently has 
been limited, because mainly extrapolated from subgroup 
analyses of patients with cancer [62] (Table  3). Meta-
analyses of these studies report no significant differences 
between DOACs and warfarin in terms of recurrent VTE 
and major bleeding [63–66], but these are based on indirect 
comparisons. Actually, no randomized trials with DOACs 
in this specific population were available. The Hokusai VTE 
Cancer trial, an open-label, non-inferiority study, is the first 
randomized trial that has compared a DOAC (edoxaban) to 
an LMWH (dalteparin) in patients with cancer-associated 
VTE [67]. The trial enrolled 1050 patients, predominantly 
affected by advanced cancer, with acute symptomatic or 
incidental DVT or PE. Patients were randomized to edoxa-
ban 60 mg daily (dose adjusted according to renal function 
and body weight), preceded by LMWH (physician choice) 
initially for at least 5  days, or to dalteparin 200  IU/kg 
SC once daily for 30 days with a maximum daily dose of 
18,000 IU. Then, dalteparin was given at a dose of 150 IU/
kg once daily. The randomized treatment was given for at 
least 6 months, and the minimum duration of follow-up was 
9 months. The primary endpoint, the composite of the first 
recurrent VTE or major bleeding within 12 months, occurs 
in 12.8% of patients in the edoxaban arm compared to 13.5% 
in the dalteparin arm (HR with edoxaban 0.97, p = 0.006 for 
non-inferiority). Major bleeding occurs in 6.9% of patients 
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in the edoxaban arm as compared to 4.0% in the dalteparin 
arm (HR 1.77, p = 0.04), with gastrointestinal cancer being 
more likely associated with major bleeding with edoxa-
ban compared to dalteparin (13.2% vs 2.4%, respectively, 
p = 0.0169) [67].

Another similar study has been recently published, the 
Select-D pilot trial [68]. This is a multicenter, randomized, 
open-label, trial, performed in the United Kingdom, that 
evaluated patients with active cancer and symptomatic/inci-
dental PE or lower-extremity proximal DVT, treated with 
dalteparin (200 IU/kg daily during month 1, then 150 IU/
kg daily for months 2–6) (203 patients) or rivaroxaban 
(15 mg twice daily for 3 weeks, then 20 mg once daily for 
a total of 6 months) (203 patients). The primary outcome 
is VTE recurrence over 6 months. Safety was assessed by 
major bleeding and clinically relevant nonmajor bleeding 
(CRNMB). The 6-month cumulative VTE recurrence rate 
is 11% with dalteparin and 4% with rivaroxaban (HR 0.43; 
95% CI 0.19–0.99). The 6-month cumulative rate of major 
bleeding is 4% for dalteparin and 6% for rivaroxaban (HR, 
1.83; 95% CI 0.68–4.96). Rates of CRNMB are 4% and 13%, 
respectively (HR, 3.76; 95% CI 1.63–8.69) [68]. A meta-
analysis of these two trials reveals that DOACs have a lower 
6-month recurrent VTE (42/725) when compared to LMWH 
(64/727) [RR: 0.65 (0.42–1.01)] [69]. However, DOACs 
have a higher incidence of major bleeding (40/725) when 
compared to LMWH (23/727) [RR 1.74 (1.05–2.88)]. Simi-
larly, the risk of CRNMB is higher [RR 2.31 (0.85–6.28)] for 
patients receiving DOACs. The most major bleeding events 
are gastrointestinal, and there are no central nervous system 
bleedings. Patients with esophageal or gastroesophageal can-
cer tend to experience more major bleedings with DOACs 
than with dalteparin. There is no difference in mortality [RR 
1.03 (0.85–1.26)] [69]. While the cumulative data from trials 
evaluating the safety and efficacy of DOACs suggest a role 
for their use in cancer-associated VTE, it remains to be seen 
whether the favorable outcomes of edoxaban and rivaroxa-
ban use in cancer patients with VTE represent a class effect 
for all DOACs.

Despite these favorable results, there are no data on the 
differential activity of DOACs in specific subtypes of can-
cers and treatments. DOACs might have significant interac-
tions with many of the chemotherapeutic agents or other 

supplementary drugs used in cancer patients, namely the 
antifungal azole agents. Several ongoing clinical trials are 
testing the efficacy and safety of DOACs specifically in can-
cer patients [62] (Table 4).

The 2016 update of the ITAC-CME 2013 guidelines 
states that DOACs can be considered for early maintenance 
(10 days–3 months) and long-term therapy (> 3 months) in 
patients with VTE and stable cancer not receiving anti-can-
cer therapy [2]. The 2016 update of the 9th edition ACCP 
Guidelines on Antithrombotic Therapy for VTE Disease [59, 
70] suggests LMWH over DOACs with a low rating of the 
quality of evidence (Grade 2C) for long-term (first 3 months) 
anticoagulant therapy in patients with cancer-associated 
VTE. A recent update of the NCCN guidelines gives a level 
1 of evidence to edoxaban [60]. An individualized treat-
ment is recommended in a recently published guidance from 
the SSC of the ISTH [71] that suggests the use of specific 
DOACs in cancer patients with acute VTE and low risk of 
bleeding, after shared decision making with patients. Fur-
ther guidelines incorporating the latest clinical studies are 
anticipated in the next future.

Despite scarce evidence in the specific setting until 
recently, the use of DOACs in patients with cancer-associ-
ated VTE has been rapidly increasing in clinical practice, 
especially in those with non-gastrointestinal and non-lung 
cancer, and in those not receiving chemotherapy, given the 
additional uncertainty related to drug interaction.

While waiting for novel guidelines incorporating current 
and future evidence on DOACs, clinicians should choose 
the most suitable drug for the individual patient, taking into 
account patients’ preferences and their compliance, which 
may be the most powerful determinant of clinical benefit.

What is the appropriate dose and duration 
of anticoagulation for the long‑term treatment 
and secondary prevention?

After discontinuation of antithrombotic treatment, cancer-
associated VTE has a risk for recurrences that is almost 
twice as high as that observed in patients free from malig-
nancies [72]. In the absence of well-designed studies evalu-
ating the efficacy, safety and cost-effectiveness of continuing 
anticoagulant therapy beyond the acute treatment period of 

Table 3   Subgroup analysis of patients with cancer in the large trials on DOACs for the treatment of VTE (modified from Imberti et al. [62])

Trial, year of publication Comparator Study drug VTE (%) (N) Major bleeding % (N)
Comparator Study drug Comparator Study drug

EINSTEIN (PE + DVT), 2014 LMWH + Warfarin Rivaroxaban 4.0 (8/198) 2.6 (6/232) 4.1 (8/196) 2.6 (6/232)
AMPLIFY, 2015 LMWH + Warfarin Apixaban 6.4 (5/78) 3.7 (3/81) 5 (4/80) 2.3 (2/87)
RECOVER (I, II), 2015 LMWH + Warfarin Dabigatran 7.4 (12/162) 5.6 (10/173) 4.6 (7/152) 3.8 (6/159)
Hokusai-VTE, 2016 LMWH + Warfarin Edoxaban 7.1 (7/99) 3.7 (4/109) 3.0 (3/99) 4.6 (5/109)
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3–6 months, evidence-based recommendations about the 
optimal duration of anticoagulation in this setting are lack-
ing. Consensus guidelines generally suggest continuing 
anticoagulation in patients with active cancer or receiving 
cancer treatment, with periodic reassessment of the risks and 
benefits [72]. Several factors need to be individually evalu-
ated. The choice of duration should take into account the risk 
of VTE recurrence, the risk of bleeding, and patients’ prefer-
ences and values. Anticoagulants may increase the severity 

of any bleeding by interfering with hemostasis, translating 
to a higher risk of bleeding in this setting, related to the risk 
for malignant vascular or mucosal invasion and cancer- or 
chemotherapy-induced thrombocytopenia. From randomized 
controlled trials performed exclusively in cancer patients, 
the incidence of major bleeding ranges from 4.6 to 11.6% 
during the first 3–6 months of anticoagulation [62], with 
even higher bleeding rates in the real-world setting [72, 
73]. Overall, the risk of clinically important bleeding with 

Table 4   Current ongoing studies with DOACs in cancer patients with VTE (modified from Imberti et al. [62])

Title, trial number Study design PHASE Condition Study drug Comparator

CONKO_011/AIO-SUP 0115/
Ass.: Rivaroxaban in the 
treatment of venous throm-
boembolism (VTE) in cancer 
patients—a randomized phase 
III study (NCT02583191)

RCT​ III VTE Rivaroxaban LMWH

Non-interventional study on 
Xarelto for treatment of 
venous thromboembolism 
(VTE) and prevention of 
recurrent VTE in patients 
with active cancer (COSIMO) 
(NCT027426239)

Prospective cohort III DVT and PE Rivaroxaban

Apixaban for the treatment of 
venous thromboembolism in 
patients with cancer (CARA-
VAGGIO) NCT03045406

RCT​ III VTE Apixaban LMWH

Rivaroxaban utilization for 
treatment and prevention of 
thromboembolism in cancer 
patients: experience at a 
comprehensive cancer center 
(NCT02502396)

Retrospective Cohort Not applicable DVT of the lower and upper 
extremities PE NVAF

Rivaroxaban

Cancer-associated thrombosis, 
a pilot treatment study using 
rivaroxaban (CASTA-DIVA) 
(NCT02746185)

RCT​ III VTE Rivaroxaban LMWH

DOACs vs LMWH +/_war-
farin for VTE in cancer: 
a randomized effective-
ness trial (CANVAS TriaL 
(NCT02744092)

RCT​ Not applicable Cumulative VTE recurrence Apixaban
Dabigatran
Edoxaban
Rivaroxaban

LMWH alone 
or with 
warfarin

Study of dabigatran etex-
ilate as primary treatment 
of malignancy-associated 
venous thromboembolism 
(NCT03240120)

RCT​ III VTE Dabigatran etexilate Tinzaparin

Randomized phase II study 
to compare the safety and 
efficacy of dalteparin vs. rivar-
oxaban for cancer-associated 
venous thromboembolism 
(PRIORITY) NCT03139487

RCT​ II VTE Rivaroxaban Dalteparin

Apixaban as treatment of 
venous thrombosis in patients 
with cancer: the CAP study 
(CAP) (NCT02581176)

Single group assignment IV VTE Apixaban
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anticoagulation is highest during the first month of therapy, 
but is lower thereafter at approximately 0.5% per month 
while on anticoagulation [72, 73]. The risk appears to be 
independent of the type of anticoagulant and the intensity of 
anticoagulation, but varies with patient- and cancer-specific 
comorbidities.

Cancer patients have a three to fourfold higher risk of 
recurrent VTE during anticoagulant therapy than cancer-
free patients. In the CLOT and CATCH trials, the 6-month 
incidence of symptomatic, recurrent VTE in the LMWH 
groups is 6% and 7.2%, respectively [56, 58]. The risk is 
highest in the first month at 5.7%, dropping down to 3.4% 
during months 2–6 and 4.1% during months 7–12. A number 
of clinical features have been identified to correlate with 
a higher risk of recurrent cancer-associated VTE, includ-
ing extensive and metastatic cancer, and lung cancer [74]. 
Overall, in the Rochester Epidemiology project database, the 
adjusted cumulative risks of recurrence vs major bleeding 
are 16.6% vs 2.0% at 6 months and 19.6% vs 4.0% at 1 year 
[75]. Thus, the case fatality of bleeding must be at least 5- to 
8-fold higher than that of recurrent VTE in order to justify 
stopping anticoagulation.

The DALTECAN [76] and TiCAT [77] studies, sin-
gle-arm cohort studies treating cancer VTE patients with 
dalteparin (DALTECAN) or tinzaparin (TiCAT) for more 
than 6 months (12 months), show that the risk of recur-
rent thrombosis or major bleeding is higher during the first 
3–6 months of treatment, with an ongoing risk of VTE 
recurrences beyond 6 months, supporting the use of paren-
teral anticoagulation beyond 6 months in cancer patients. 
On the other hand, whatever the drug chosen, treatment for 
cancer-associated VTE is also burdensome for patients. In 
general, prolongation of anticoagulation beyond 3–6 months 
should be considered for as long as the malignant disorder 
is active, if not contraindicated. This often translates into 
life-long anticoagulation [78]. Metastatic disease or pro-
gressive cancer, ongoing chemotherapy or a thrombogenic 
regimen (e.g., immunomodulatory drugs, dexamethasone, 
tamoxifen), pancreatic, upper gastrointestinal (e.g., esopha-
geal, stomach, cholangiocarcinoma), lung or ovarian cancer, 
glioblastoma, myeloproliferative neoplasm, or a previous 
history of VTE shift the balance versus prolongation. Before 
switching to an oral agent, drug interactions, liver and renal 
dysfunction, and diet or gastrointestinal concerns should be 
addressed. The decision should be periodically reassessed. 
Patients with bleeding or thrombocytopenia should receive 
LMWH dose adjustment [78, 79]. For extended anticoagu-
lation, the 2016 ACCP guidelines suggest using LMWH 
over oral agents in patients with cancer, with no preference 
for VKA or DOAC, or any one DOAC over another DOAC 
[59]. These recommendations may change based on the new 
evidence from Hokusai cancer trial and Select-D [67–69], 
showing that, after the initial 3-month treatment period and 

until 12 months, the risks of recurrent VTE and major bleed-
ing are similar for LMWH and DOAC, whereas previous 
studies have reported that they are higher for VKAs. Thus, 
while the efficacy and safety of LMWH in this specific set-
ting are restricted to the first 6 months of treatment, the ben-
efits of DOACs have been verified over a longer time period.

What is the appropriate treatment strategy 
for recurrent VTE in cancer patients 
during anticoagulation?

Recurrent VTE despite appropriate anticoagulation is com-
mon among cancer patients [80]. Reasons for recurrent 
VTE may include lack of compliance, temporary cessation 
of therapy due to bleeding or procedures, inadequate dos-
ing, cancer progression, and the occurrence of HIT [81]. 
Unfortunately, there are no randomized trials to provide an 
evidence-based approach. A paper and an ISTH guidance 
statement have described empirical approaches to this clini-
cal problem [79, 80]. In general, LMWH monotherapy is 
considered the preferred approach. If patients are already 
on LMWH, dose escalation should be considered [81]. The 
guidance statement suggests that cancer patients with symp-
tomatic recurrent VTE despite therapeutic anticoagulation 
with an agent other than LMWH be transitioned to thera-
peutic LMWH, assuming no contraindications to LMWH 
[79]. The ACCP guidelines suggest switching to treatment 
with LMWH, at least temporarily, in patients with recur-
rent VTE on VKA (in therapeutic range) or on DOACs (and 
who are believed to be compliant and assume the therapeu-
tic recommended doses) [59]. Cancer patients with sympto-
matic recurrent VTE despite optimal anticoagulation with 
LMWH continue with LMWH at a higher dose, starting 
with an increase of 25% of the current dose or resuming 
the therapeutic weight-adjusted dose if the patient has been 
receiving a non-therapeutic dose at the time of recurrence. In 
case of symptomatic improvement, the same dose of LMWH 
should be continued and usual follow-up should be resumed. 
In patients without symptomatic improvement, further esca-
lation may be undertaken, based on the peak anti-Xa level 
[79].

Use of vena caval filters should be discouraged except in 
the presence of absolute contraindications to anticoagula-
tion (e.g., active bleeding). If necessary, retrievable filters 
should be used, and a plan created to retrieve the filter when 
appropriate [4].

When to treat incidental VTE?

Incidental VTE, defined as VTE discovered on scans ordered 
for reasons other than suspected VTE (typically cancer stag-
ing or restaging), is an emerging major contributor to the 
burden of cancer-associated VTE. The majority of incidental 
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VTE in malignancy involves visceral veins [13]. Visceral 
vein thrombi include portal, mesenteric, splenic, renal and 
gonadal vein thrombi. In a cohort study of gastrointestinal 
cancer patients, 100% of visceral vein thrombi are inciden-
tally discovered compared to 35% of PE [82]. Although man-
agement of these events remains controversial, retrospective 
studies and registries have found similar risks of mortality 
and recurrent VTE between patients with symptomatic and 
incidental PE [11, 13, 83–85]. Accordingly, international 
guidelines recommend the same initial and long-term anti-
coagulation as for comparable patients with symptomatic PE 
[59]. However, there is some evidence that patients with iso-
lated, incidental subsegmental PE may not need anticoagu-
lant treatment [86]. According to most of the currently avail-
able guidelines, including those of ASCO [18], treatment of 
splanchnic or visceral vein thrombi diagnosed incidentally 
should be considered on a case-by-case basis, considering 
potential benefits and risks of anticoagulation.

Key points

•	 For the treatment of acute VTE in cancer patients, 
LMWH is indicated for 5–10 days, but fondaparinux and 
UFH can also be used.

•	 LMWHs are also recommended as first-line therapy for 
the long-term management of cancer-associated VTE. 
However, the available data from trials evaluating the 
safety and efficacy of edoxaban and rivaroxaban suggest 
their use in cancer-associated VTE at low bleeding risk. 
While waiting for novel guidelines incorporating current 
and future evidence on DOACs, clinicians should choose 
the most suitable drug for the individual patient, taking 
into account patients’ preferences and compliance.

•	 Anticoagulation should be extended beyond 6 months 
in patients with active cancer or receiving cancer treat-
ments, with periodic reassessment of the risks and ben-
efits.

•	 Cancer patients with symptomatic recurrent VTE despite 
therapeutic anticoagulation with an agent other than 
LMWH should be transitioned to therapeutic LMWH. 
Patients with symptomatic recurrent VTE despite opti-
mal anticoagulation with LMWH should continue with 
LMWH at a higher dose, starting with an increase of 25% 
of the current dose or resuming the therapeutic weight-
adjusted dose if the patient is receiving a non-therapeutic 
dose at the time of recurrence. In case of symptomatic 
improvement, the same dose of LMWH should be contin-
ued and usual follow-up should be resumed. In patients 
without symptomatic improvement, further escalation 
may be undertaken, based on the peak anti-Xa level.

•	 Incidental VTE in cancer patients should be treated with 
therapeutic anticoagulation, with the exception of iso-
lated subsegmental PE. Treatment of incidental splanch-

nic vein thrombosis should be considered on a case-by-
case basis, considering potential benefits and risks of 
anticoagulation.

Management of anticoagulant drugs 
in patients with cancer

How anticoagulation should be managed in cancer 
patients with kidney disease or advanced liver 
disease?

LMWH is cleared by the kidneys and has a significant accu-
mulative effect in patients with impaired renal function [cre-
atinine clearance (CrCl) < 30 mL/min]. Indeed, patients with 
CrCl < 30 mL/min who are treated with standard therapeutic 
doses of enoxaparin have elevated levels of anti-Xa activity 
and an increased risk of major bleeding. In patients with 
severe renal failure (CrCl < 30 mL/min), IV UFH (or SC 
UFH as an alternative option) or LMWH with anti-Xa activ-
ity monitoring are recommended [33, 59]. On the contrary, 
LMWH, due to its kidney clearance, is quite safe in case of 
liver diseases. As far as DOACs are concerned, the anti-Xa 
edoxaban is the only one that has been studied in the setting 
of cancer VTE treatment at a reduced dose of 30 mg for 
patients with impaired renal function in the Hokusai VTE 
Cancer study [87]; hence, it could be reasonable to use a 
reduced dose of edoxaban in patients with CrCl in the range 
30–50 mL/min. In the case of liver disease, it is possible to 
use DOACs that were studied in the setting of cancer such as 
edoxaban [67] and rivaroxaban [68]. In particular, in patients 
with a Child–Pugh class A, edoxaban and rivaroxaban are 
an acceptable option, whereas in case of Child–Pugh class 
B and C, DOACs are not proven to be safe [88]. Noteworthy, 
for patients with mild liver disease, the use of DOACs is 
acceptable as it is not associated with an increased risk of 
bleeding [89].

How relevant are pharmacokinetic 
and pharmacodynamic interactions in cancer 
patients with VTE?

Polypharmacy is a well-established risk factor for adverse 
events resulting from drug interactions, and this issue is 
particularly relevant in the setting of cancer. Thus, chem-
otherapy consists of a large scenario of different drugs 
with several interactions with liver metabolism. Whereas 
LMWHs have few drug–drug interactions, DOACs inter-
act with several drugs [90, 91]. In particular, all the drugs 
that use as a substrate P-glycoprotein (P-gp) and CYP3A4 
are known to interfere with DOACs. The recent update of 
the European Heart Rhythm Association (EHRA) practi-
cal guidelines provides a simple and detailed guide to deal 
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with important drug interactions [91], and a complete list 
of interfering drugs was reported by Short NJ et al. [90]. 
In summary, among the antimitotic agents, Vinblastine, 
among the Anthracyclines, Doxorubicin, among the tyros-
ine kinase inhibitors, Vandetanib and Sunitinib, and, among 
the immune-modulators, dexamethasone significantly reduce 
DOACs plasma concentrations. On the contrary, plasma 
DOACs concentrations are increased by the hormonal agents 
Abiraterone and Enzalumide, and by the Tyrosin Kinase 
inhibitors Imatinib and Crizotinib [90, 91]. The list of drug 
interactions is expected to be significantly enriched over the 
next years.

How thrombocytopenia may change the approach 
to cancer patients with acute VTE?

The optimal management of hematologic malignancy-asso-
ciated VTE in patients with moderate-to-severe thrombocy-
topenia is unclear. A full-dose anticoagulation is safe when 
platelet count is above 50 × 109/L [92]. On the contrary, the 
management of patients who requires anticoagulation during 
periods of severe thrombocytopenia (platelets < 50 × 109/L), 
especially for those requiring a therapy for more than a few 
days, is uncertain. According to the recent recommendations 
from the SSC of the ISTH [93], two management strategies 
can be proposed.

1.	 Full-dose anticoagulation with transfusion support.
2.	 Dose-modified anticoagulation while platelets are 

< 50 × 109/L [94].

Studies assessing the use of full-dose anticoagulation in 
combination with transfusion support usually use a plate-
let transfusion threshold of 40–50 × 109/L, but this cutoff 
is supported only by a consensus and scientific prospective 
data on this issue are still lacking [95]. The dose modifica-
tion strategy derived from expert consensus employs differ-
ent approaches, including empirical reductions in dosing to 
prophylactic or half-therapeutic doses. A recent systematic 
review on this issue fails to identify any evidence for supe-
riority of one approach over another [93]. The most recent 
evidence supports the following suggestions for the acute 
phase:

•	 For patients with acute cancer-associated VTE in the 
presence of symptomatic segmental or more proximal 
PE, proximal DVT, or a history of recurrent/progressive 
thrombosis, therapeutic doses of anticoagulation with 
platelet transfusion support to maintain platelet counts 
above 40–50 × 109/L may be considered.

•	 For patients with lower risk events (e.g., distal DVT, inci-
dental sub segmental PE and catheter-related), a dose 
modification strategy using 50% of therapeutic, or the 

prophylactic LMWH dose, for platelets 25–50 × 109/L 
may be considered.

•	 Anticoagulation should be discontinued for platelet 
counts 25 × 109/L although prophylactic doses might 
be reasonable in patients with acute VTE and a platelet 
count > 10 × 109/L.

The most recent evidence supports the following sugges-
tions for the Chronic phase.

•	 The risk of recurrence decreases after the initial 30-day 
period. Hence, in this subacute or chronic period, a lower 
dose of anticoagulants should be given in order to lower 
the risk of bleeding. In particular, decreased dosing (50% 
or prophylactic doses of LMWH) for platelet counts 
between 25–50 × 109/L and temporary discontinuation 
for platelets < 25 × 109/L should be considered. LMWH 
is still to be the preferred as anticoagulant among patients 
with cancer-associated VTE and thrombocytopenia, as 
data on the use of DOACs in cancer patients with severe 
thrombocytopenia (< 50 × 109/L) are lacking.

How to ensure adherence to anticoagulant drugs 
in cancer patients?

Treatment with LMWH is associated with a high rate of 
discontinuation. This issue was recently investigated by Van 
der Wall et al. [96] who find a discontinuation rate of 51% 
(21% due to side effects) at 6 months analyzing a population 
of 372 patients with active cancer and VTE. Female gender 
is the only factor found to be associated with premature dis-
continuation. Hence, it is difficult to imagine a score able to 
predict the discontinuation rate in this setting. For DOACs, 
we have no data concerning compliance in the setting of 
cancer patients. It is arguable that the rules applicable to 
the general population in order to ensure compliance with 
therapy are also valid for cancer patients [96]. Patient educa-
tion on the need for anticoagulant therapy and the relevance 
of strict compliance are important. Several simultaneous 
approaches can be employed to support patients’ compli-
ance. In particular, leaflets and instructions at initiation of 
therapy, a patient anticoagulation card, group sessions, and 
re-education at every prescription renewal might improve 
the compliance [91, 97].

Key points

•	 In patients with severe renal failure (CrCl < 30 mL/min), 
IV UFH (or SC UFH as an alternative option) or LMWH 
with anti-Xa activity monitoring is recommended. It 
might be reasonable to use a reduced dose of edoxaban 
in patients with CrCl in the range 30–50 mL/min.
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•	 LMWH, due to its kidney clearance, is quite safe in case 
of liver diseases. In patients with a Child–Pugh class 
A, edoxaban and rivaroxaban are acceptable options 
whereas in case of Child–Pugh class B and C, DOACs 
are not proven to be safe.

•	 In cancer patients with thrombocytopenia and acute 
VTE, or a history of recurrent/progressive thrombo-
sis, therapeutic doses of anticoagulation with platelet 
transfusion support to maintain platelet counts above 
40–50 × 109/L may be considered. For patients with 
lower risk events (e.g., distal DVT, incidental sub seg-
mental PE and catheter-related), a dose modification 
strategy using 50% of therapeutic, or the prophylactic 
LMWH dose, for platelets 25–50 × 109/L may be consid-
ered. Anticoagulation should be discontinued for platelet 
counts < 25 × 109/L although prophylactic doses might 
be reasonable in patients with acute VTE and a platelet 
count > 10 × 109/L. For subacute or chronic VTE, the 
LMWH dose should be reduced in patients with plate-
let count < 50 × 109/L, and stopped if the platelet count 
is < 25 × 109/L. Data on the use of DOACs in cancer 
patients with platelet counts < 50 × 109/L are lacking.

Management of bleeding complications 
in cancer patients with VTE

When approaching a cancer patient who bleeds while taking 
an anticoagulant drug, a precise clinical history (focused on 
medical history, any comedication, type, dose, and time to 
last taken dose of the anticoagulant drug), and an accurate 
physical examination (including the evaluation of hemody-
namic and neurologic state) are mandatory. Then, biochemi-
cal and, if indicated, imaging studies might help physicians 
to classify the type of bleeding. In fact, minor bleeding, such 
as mild nose and gum bleeds, menorrhagia, ecchymosis or 
minor wound, can be managed without interruption or with 
minimal variation of the anticoagulant treatment (i.e., reduc-
ing, delaying or skipping one dose of the drug); on the other 
hand, in all cases of major bleeding and in almost all cases 
of CRNMB, the discontinuation of anticoagulant therapy 
is needed [98]. Regardless of the anticoagulant drug used, 
general supportive measures for the treatment of bleeding 

include, first of all, local hemostasis and mechanical com-
pression of the source of bleeding, administration of anti-
fibrinolytic agents, and, if indicated, hemodynamic support 
with intravenous fluids, and transfusions of hemocompo-
nents (whole blood, red blood cells, plasma, platelets) (see 
Table 5, [98]).

Moreover, the severity of bleeding or the need for urgent 
surgery or other invasive procedures requires urgent reversal 
of the anticoagulant effect that consists of different strategies 
depending on the anticoagulant drug used [97, 98].

What to do if a patient taking VKAs bleeds?

In case of minor bleeding, it is recommended to identify 
any local causes of bleeding and to treat them (for exam-
ple, epistaxis and gum bleeds can be treated with local anti-
fibrinolytics). Furthermore, if the INR is in the therapeutic 
range, it is indicated to reduce the dose of the VKA until 
the complete resolution of bleeding. In the case of over-
dose, it is recommended to decrease INR to the therapeutic 
range by withdrawing VKA and administering vitamin K 
per os (2–3 mg) [99]. When VKA-treated patients present 
with major bleeding, in addition to the suspension of the 
anticoagulant treatment and general supportive measures, 
rapid reversal of anticoagulation is needed, particularly if 
the bleeding is life threatening. Guidelines recommend IV 
vitamin K administration at a dose of 10 mg [99]; it should 
be considered that vitamin K reduces INR values with a 
latency of several hours; therefore, it is given in combina-
tion with other drugs. For this purpose, several products are 
available to be used in emergency situations: prothrombin 
complex concentrates (PCCs) with 3 (II, IX, X) or 4 (II, VII, 
IX and X) factors, fresh frozen plasma (FFP), or recombi-
nant activated factor VII (rFVIIa) [91]. FFP has the dis-
advantage of potential allergic reaction or transmission of 
infection, preparation time, and high injection volume. The 
use of rFVIIa in the reversal of major bleeding during VKA 
treatment has been described in case reports or a very few 
small studies and, to date, no randomized clinical trial has 
compared its efficacy and safety with that of PCCs or FFP in 
this setting. Regarding PCCs, no comparison trial between 3 
and 4-factor preparations is available; however, it has been 
demonstrated that 3-factor PCCs are usually inadequate to 

Table 5   General measures 
in case of bleeding during 
anticoagulant treatment 
(modified from Ref. [98])

Provide local haemostasis (ice, compression, suture, nasal packing, etc.)
Monitor hemodynamic status and blood losses
Provide hemodynamic support (vasopressors, fluid replacement)
Consider transfusions of red blood cells, fresh frozen plasma, platelets (if low platelet count or antiplatelet 

comedication)
Consider infusion of cryoprecipitate or fibrinogen concentrates, especially if fibrinogen < 1 g/L
Consider agents that may improve haemostasis: tranexamic acid, desmopressin
Plan radiological interventions, endoscopy or surgery after restoration of hemostasis is achieved
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ensure rapid anticoagulation reversal when INR values are 
very high [100].

Therefore, national (FCSA, [99]) and international 
(ACCP [59]) guidelines agree in recommending the 4-fac-
tor PCCs as a first-choice treatment, in addition to vitamin 
K administration, in the setting of VKA-associated major 
bleeding (Table 6). Finally, the use of anti-fibrinolytic agents 
(e.g., tranexamic acid, 1 g IV every 6 h, if needed) or desmo-
pressin 0.3 µg/kg IV infusion (with a maximal dosing of 
20 µg) may be considered in special situations, such as in 
trauma-induced bleeding [99].

What to do if a patient taking DOACs bleeds?

The prescribed DOACs regimen, time of last dose intake, 
any co-medications and renal function is critical information 
in this setting [97]. Given the short half-life of DOACs, most 
bleeding complications—mainly minor or clinically relevant 
nonmajor—can be safely managed by only delaying intake 
or withholding the DOAC administration for a maximum 
of one dose [91]. In patients with major bleeding, reverse 
strategies will be used in case of:

(a)	 last DOAC intake in the last 12 h,
(b)	 last DOAC intake in the last 24–48 h in the presence 

of renal failure (and up to 96 h in patients taking dabi-
gatran or in patients with severe renal failure, i.e., cre-
atinine clearance < 30 mL/min),

(c)	 persistent bleeding,
(d)	 life-threatening bleeding (intracranial or in critical site) 

[97].

In case of last DOAC intake within the last 2 h, the 
administration of active charcoal can be useful; dialysis is 
effective only to clear dabigatran from plasma thanks to the 
low affinity for plasma proteins of this drug; [97].

As for hemostatic agents, their use should be consid-
ered in case of life-threatening bleeding if immediate 
hemostatic support is required, especially in situations 
where a specific reversal agent is not available [91]. Even 

in the absence of conclusive evidence, 4-factors PCCs 
are preferred over 3-factors PCCs at a suggested dose of 
25–50 UI/kg [91, 97]. Regarding activated PCC concen-
trates (aPCC-FEIBA), these agents may be considered, at a 
dose of 50 UI/kg, for DOAC reversal only in patients with 
persistent life-threatening bleeding, due to the increased 
thrombotic risk associated with their administration [91]. 
On the contrary, because no efficacy studies are currently 
available, there is no role for FFP and rFVIIa in the rever-
sal of DOACs. Finally, although suggested by EHRA 
guidelines, the use of tranexamic acid is controversial [97].

Specific antidotes, with rapid (few minutes) neutraliza-
tion of the pharmacological effect of DOACs, have been 
successfully tested in Phase 3 clinical trials. These are 
idarucizumab for dabigatran and alpha for anti-Xa agents 
[101, 102].

Idarucizumab is a humanized monoclonal antibody frag-
ment (Fab) that binds to dabigatran and its acylglucuronide 
metabolites with higher affinity (350 folds) than the binding 
affinity of dabigatran to thrombin and, thereby, neutralizes 
dabigatran and its metabolites anticoagulant effect. Its use 
has been approved by FDA and EMA, and it is now available 
for clinical use. The recommended dose of idarucizumab is 
5 g, administered IV in two separate doses by 2.5 g each, 
overall diluted in 100 mL of solvent [97, 101]. Andexanet 
alfa is a human recombinant FXa, created for the specifific 
reversal of both direct and indirect FXa inhibitors. Phase I 
and phase II studies find a bolus followed by 2-h IV infusion 
to be the most suitable modality of andexanet administration 
to restore a sustained hemostasis [102]. Recently, in light of 
the interim results of the ANNEXA-4 study, this antidote 
has been approved by FDA (EMA approval is expected in 
the next months) for the reversal of the anticoagulant effect 
of rivaroxaban and apixaban, but not of edoxaban. Another 
antidote with more generalized antagonistic effects, Cira-
parantag (Arapazine, PER 977), is now undergoing clinical 
testing [103].

According to a recent ISTH statement [104], the indica-
tions for the use of the antidotes are:

•	 life-threatening bleeding: intracranial or uncontrollable 
bleeding with the usual measures;

•	 bleeding in an enclosed space or in a critical organ;
•	 persistent major bleeding despite local hemostatic meas-

ures, or risk of recurrent bleeding due to delayed clear-
ance or overdose of DOACs;

•	 emergency interventional procedures, surgery or surgery 
in patients at high risk of procedural bleeding: neurosur-
gery, lumbar puncture, cardiac or vascular surgery (aortic 
dissection/aneurysm repair), liver or other major surgery.

Table 7 shows a potential useful approach to DOAC-
associated major bleeding.

Table 6   Reversal strategies to VKA-associated major bleeding (mod-
ified from Ref. [99])

a PCC (4 factors) is given intravenously in 15–20 min

VKA suspension, vitamin K administration (10 mg intravenously in 
at least 30 min) AND:

INR 1.5–2 PCC 20 UI/kg body weighta

INR 2.1-3.9 PCC 30 UI/kg body weighta

INR 4.0–5.9 PCC 40 UI/kg body weighta

INR > 6 PCC 50 UI/kg body weighta

After PCC administration, check INR: if > 1.5, repeat PCC infusion
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What to do if a patient taking parenteral 
anticoagulants (UFH, LMWH and fondaparinux) 
bleeds?

In case of UFH administration, its short half-life (ranging 
between 60 and 90 min), ensures that non-life-threatening 
bleedings can be managed by simply discontinuing the drug 
(in addition to general supportive measures if needed). If the 
bleeding is life-threatening or not adequately controlled, IV 
administration of protamine sulfate is recommended [98]. 
1 mg of protamine sulfate neutralizes roughly 100 U of 
UFH; considering the half-life of IV UFH, the protamine 
dose is calculated on UFH units infused over the last 2 h, 
with a maximum dose of 50 mg. If UFH is given SC, its 
neutralization may be achieved by a prolonged protamine 
infusion [98]. During protamine administration, aPTT moni-
toring is required to confirm the efficacy of reversal; moreo-
ver, due to the documented possible adverse reactions (such 
as bradycardia or arterial hypotension), a slow infusion of 
protamine sulfate is recommended [98]. For patients with 
LMWH-induced bleeding who require urgent reversal, there 
is no proven method to neutralize the drug. Protamine sulfate 
indeed only partially binds LMWH (about 30–40%). Moreo-
ver, while completely neutralizing the thrombin-inhibitory 
activity of LMWH, it only partially neutralizes the anti-FXa 
activity. The suggested dose of protamine is 1 mg every 
100 U of LMWH given in the last 8 h [98]. Regarding fon-
daparinux, no specific antidote exists for its reversal; in case 
of major refractory bleeding while taking this drug, rFVIIa, 
at a dose ranging from 20 and 120 mcg/kg body weight, may 
be effective [98, 105]. It should be noted that the above-
mentioned andexanet alfa [102] and cirapantag [103], which 
are still under testing, might have a role in antagonizing the 
effect of all parenteral anticoagulants.

Table 8 shows the suggested reversal measures for the 
management of major and life-threatening bleeding during 
treatment with parenteral anticoagulants [98].

Key points

•	 Minor bleedings can be managed without interruption, 
or with minimal variation of the anticoagulant treatment 
(i.e., reducing, delaying or skipping one dose of the 
drug). In all cases of major bleeding, and in almost all 
cases of CRNMB, the discontinuation of anticoagulant 
therapy is needed.

•	 When VKA-treated patients present with major bleed-
ing, in addition to the suspension of the anticoagulant 
treatment and supportive measures, IV vitamin K and IV 
PCCs are recommended.

•	 For major bleedings during dabigatran treatment, idaru-
cizumab should be administered whereas for those dur-
ing anti-Xa agents 4-factors PCCs or aPCC should be 
considered.

•	 In case of UFH treatment, its short half-life ensures that 
non-life-threatening bleedings can be managed by simply 
discontinuing the drug, in addition to supportive meas-
ures. If the bleeding is life threatening or not adequately 
controlled, the IV administration of protamine sulfate is 
recommended. Protamine sulfate may only partially bind 
LMWH (about 30–40%); moreover, it completely neu-
tralizes the thrombin-inhibitory activity of LMWH, but 
only partially neutralizes the anti-FXa activity. Regarding 
fondaparinux, no specific antidote exists for its reversal; 
in case of major refractory bleeding while being treated 
with this drug, rFVIIa may be effective.

Table 7   Suggested approach to DOAC-associated major bleeding (modified from Ref. [91])

a It induces a strong pro-coagulant effect and should be used by experienced physicians

Direct thrombin inhibitor (dabigatran) FXa inhibitors (rivaroxaban, apixaban, edoxa-
ban)

No life-threatening major bleeding General supportive measures
Tranexamic acid can be considered as adjuvant (1 g i.v., repeat every 6 h, if necessary)
Desmopressin can be considered in special cases such as coagulopathy or thrombocytopathy; 

0.3 mg/kg i.v. infusion (max dose 20 µg)
Only for dabigatran:
 Maintain diuresis
 Consider dialysis
 Consider idarucizumab (see below)

Life-threatening major bleeding All the above
Direct reversal:
 Idarucizumab 5 g i.v. in two doses a 2.5 g i.v. 

no more than 15 min apart

All the above
Direct reversal:
 Andexanet alpha (if available and approved by 

EMA)
Prothrombin complex concentrate (PCC) 50 U/kg (with additional 25 U/kg if clinically needed)
Activated PCC (aPCC) 50 U/kg; max 200 U/kg/day: no strong data about additional benefit over PCC. Can be considered before PCC, if 

availablea
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Conclusion and perspectives

In cancer patients, VTE events can significantly increase 
morbidity and mortality as well as provide an impact on 
essential anti-cancer treatments. Therefore, primary pre-
vention and the correct treatment of VTE are priorities in 
the management of these patients.

Primary VTE prophylaxis in hospitalized cancer 
patients and during and after cancer surgery is substan-
tially well defined, but the evidence is less clear in ambu-
latory cancer patients receiving anti-cancer treatments. 
The risk variability between these patients, determined 
by several factors including cancer type and patient’s char-
acteristics, has led to efforts to stratify patients at high or 
low risk of events, with the development of assessment 
models to guide prescription of prophylaxis.

In cancer patients affected by VTE, the therapy of 
choice has been LMWH for a long time. However, the 
analysis of subgroups of cancer patients in trials with 
DOACs has already demonstrated efficacy and safety that 
might be similar to patients without cancer. Two recent 
trials have shown a good performance of DOACs versus 
dalteparin, suggesting that these drugs are at least as effec-
tive as LMWH in the prevention of recurrences of VTE. 
With the exception of gastrointestinal malignancies, the 
risk/benefit tradeoffs of DOACs are presently well defined. 
Further information on different risk/benefit ratio of differ-
ent DOACs and on risk factors for bleeding during DOACs 
treatment is likely to emerge from ongoing trials and to 
strengthen the results of the recently published studies.
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