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Abstract
Purpose of Review This review aims to summarize the epidemiology, current pathophysiologic understanding, and state-of-the-
art treatment of venous thromboembolism (VTE) in cancer patients.
Recent Findings The risk of VTE varies among cancer patients. Recently introduced prediction models better identify those at
high risk of VTE. New mechanisms underlying hypercoagulability in cancer have been uncovered. Initial data on the efficacy of
direct oral anticoagulants (DOACs) compared with low-molecular weight heparin to treat VTE in patients with cancer are
promising. However, they may be associated with higher risk of gastrointestinal bleeding.
Summary VTE causes significant morbidity and mortality in cancer patients. Our understanding of the mechanisms of VTE,
including those associated with cancer treatments, has significantly grown. The assessment of the benefit/risk balance of VTE
treatment remains challenging in many patients with cancer. The introduction of DOACs has expanded treatment options, but
knowledge on their efficacy and safety is incomplete.
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Thromboprophylaxis

Introduction

Virchow’s triad of hypercoagulability, blood stasis, and endo-
thelial injury underpins our basic understanding of the mech-
anisms of venous thrombosis, and cancer is often associated
with the presence of these three risk factors. The association of
cancer and thrombosis was first made famous by Armand
Trousseau in the 1860s [1], when he described multiple cancer
patients who presented with phlegmasia alba dolens (the
Latin words for painful white inflammation) caused by deep
vein thrombosis (DVT) of the leg, as well as with migratory

thrombophlebitis, for which his eponymous, and famously
self-diagnosed, syndrome is named. A large body of subse-
quent literature has confirmed the link between venous throm-
boembolism (VTE) and cancer and has highlighted the worse
prognosis, distinct pathophysiologic mechanisms, and need
for different approaches to prophylaxis and treatment. This
review will discuss the epidemiology, mechanisms, and cur-
rent management of cancer-associated VTE.

Epidemiology and Risk Stratification

A significant proportion of VTE events occur in patients with
a diagnosis of cancer [2•]. In the largest registry, the Registro
Informatizado de Enfermedad TromboEmbólica (RIETE),
cancer that was newly diagnosed or actively being treated
was reported in 17% (n = 6075) of 35,359 patients with VTE
[3]. In an analysis of 1897 incident cases of VTE in the
Worcester, MA, metropolitan area, 20.9% had a diagnosis of
active malignancy [4]. Overall, the risk of VTE appears to
increase 4- to 7-fold in cancer patients [5, 6]. The absolute
risk of VTE in cancer patients varies from 0.5 to 20% depend-
ing on the cancer type, stage of disease, and other patient-
associated risk factors [7]. The risk is highest in patients
who are receiving chemotherapy or are admitted to the hospi-
tal and/or undergoing surgery. These patients have a higher
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chance of infection, anemia, immobility, and renal and pulmo-
nary disease, all of which increase VTE risk.

Cancer location and histologic subtype play a significant
part in determining the risk of VTE. Brain and pancreatic
malignancies appear to consistently be associated with the
highest risk of thromboembolism, with stomach and other
digestive cancers (e.g., esophageal, biliary), ovarian, bone,
kidney, and lung adenocarcinoma also conferring high risk
[7–9]. Apart from prostate cancer, regional or metastatic
spread is associated with a 1.5- to 4-fold and 1.5- to 22-fold
increase in the risk of VTE, respectively, compared to local-
ized disease, depending on the histologic type [10]. In patients
presenting with concurrent VTE at the time of cancer diagno-
sis, approximately 50% have metastatic disease [10, 11]. The
risk of VTE is also elevated in all hematologic malignancies,
with the exception of indolent lymphomas, and is highest in
aggressive non-Hodgkin lymphomas and multiple myeloma
[12, 13]. Although at a lower relative risk, most thrombotic
events are encountered in patients with breast, lung, colon,
and prostate cancer given the higher overall prevalence of
these malignancies [8]. Patients are at the highest risk for
VTE within 3 months of their initial cancer diagnosis [6, 7].
More advanced, metastatic, and aggressive malignancies that
are associated with a low annual survival rate are also at the
highest risk for thromboembolism [2•].

Risk prediction models have been developed and validated
to determine which cancer patients are higher risk for VTE.
The Khorana score incorporates five predictive variables de-
signed to be assessed before the initiation of chemotherapy
and assigns one point to each (Table 1) [14•]. Rates of VTE
in the highest risk group with ≥ 3 points were 7.1 and 6.7% in
the development and validation cohort, respectively. The
Khorana score has been validated in a more heterogeneous
population of cancer patients who were not necessarily under-
going chemotherapy, and its predictive power is further

enhanced by the addition of d-dimer and soluble P-selectin
measurements as biomarkers [15]. A more recently developed
clinical prediction model incorporates only two variables:
tumor-site risk (low-intermediate, high, and very high) plus
continuous d-dimer measurements and could outperform pre-
vious risk calculators for predicting the development of VTE
[16]. These prediction scores can be used to increase aware-
ness of the risk of VTE in cancer patients and providers with
the goal to reduce time to diagnosis and treatment. In addition,
screening for VTE in high risk cancer patients may have some
clinical utility, as venous ultrasound prior to chemotherapy
detected occult DVT in 9% of patients with Khorana score ≥
3 in a small single-center study of 35 patients [17].

Presentation

Compared to patients without cancer, malignancy-associated
VTE is more likely to present with a higher thrombus burden
and/or development of thrombosis at atypical sites [18].
Patients aremore likely to present with bilateral lower extremity
DVT, iliocaval DVT, Budd-Chiari, syndrome, extrahepatic por-
tal or mesenteric vein thrombosis, or upper extremity thrombo-
sis even in the absence of an indwelling venous device [18, 19].
Therefore, de novo presentation of VTE at an atypical location
should increase the suspicion for occult malignancy.

Prognosis

Development of VTE during cancer is associated with a poor
prognosis and greater healthcare utilization and costs [2•].
Patients with cancer who develop VTE fare worse than those
who do not develop thrombosis, and patients with VTE who
have cancer have higher mortality than those with VTE who
do not have cancer. In an analysis of the RIETE registry,
among 35,539 patients with VTE, cancer was present in
6075 patients and was the strongest risk factor for all-cause
and pulmonary embolism (PE)-related mortality, increasing
risk approximately 3-fold [3]. In an analysis of over 235,000
patients from the California Cancer Registry, diagnosis of
VTE at the time of, or within 1 year of cancer diagnosis was
a significant predictor of death, independent of age, race, and
stage of cancer, with a median overall relative risk of 3.7 [10].
Similarly, a large retrospective Danish cohort study demon-
strated that the 1-year survival of patients with VTE and can-
cer was 12% compared to 36% in cancer patients without
VTE [11]. The poor prognosis associated with malignancy-
related VTE is mostly related to the more aggressive cancers
present in these patients. However, among patients with can-
cer, VTE-related death may be the second highest cause of
mortality after cancer progression itself [20, 21].

Therapeutic anticoagulation in patients with VTE and ma-
lignancy is associated with increased risk for both VTE recur-
rence and major bleeding compared to those with VTE

Table 1 Predictive model for chemotherapy-associated venous
thromboembolism in patients with cancer (Khorana score)

Patient characteristic Points

Type of primary cancer

Very high risk (stomach, pancreas, brain) 2

High risk (lung, lymphoma, gynecologic, bladder, testicular, renal) 1

Platelet count ≥ 350 × 109/L (pre-chemotherapy) 1

Hemoglobin < 10 g/dL or use of red-cell growth factor 1

Leukocyte count of > 11 × 109/L (pre-chemotherapy) 1

Body mass index ≥ 35 kg/m2 1

Rates of venous thrombosis in the development and validation cohort
were 0.8 and 0.3% in low-risk (score = 0), 1.8 and 2% in intermediate-
risk (score 1–2), and 7.1 and 6.7% in high-risk patients (score > 3), re-
spectively. Data from [13]

ESA erythropoiesis-stimulating agents
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without cancer [21–23]. Over a 12-month treatment period
with anticoagulation, recurrent VTE occurred in 20.7% of
cancer patients, compared to only 6.8% of those without can-
cer [23]. In an analysis of 3805 patients with VTE and cancer
in the RIETE registry, recurrent PE and DVT occurred in 2.4
and 2.6% of patients within 3 months of VTE diagnosis, re-
spectively, and 44% of patients with recurrent PE died as a
result [24]. Age < 65 years and cancer diagnosis within
3 months of VTE presentation were both associated with risk
of VTE recurrence. Importantly, 4.1% of patients also experi-
enced major bleeding within 3 months, with fatal bleeding
occurring in 29% of patients [24]. Recent bleeding, renal im-
pairment, immobility, and metastasis were independently as-
sociated with increased bleeding risk. Indeed, fatal bleeding is
also a major cause of death in cancer patients who develop
VTE. In a larger analysis from the RIETE registry of > 10,000
patients with cancer-associated VTE, the risk of death from
PE is highest in the first month after PE diagnosis, whereas the
risk of bleeding remained constant throughout the 12-month
cohort analysis, with most cases occurring after the first
month. Moreover, in patients presenting with DVT alone,
more deaths resulted from bleeding than from fatal PE [21].

A clinical risk prediction tool has been developed to esti-
mate risk of recurrent VTE during the first 6 months in cancer

patients treated with anticoagulation. In the Ottawa prognostic
score, factors predictive of recurrent VTEwere female gender,
lung cancer, and previous VTE (+ 1 point each), whereas pro-
tective factors included breast cancer (− 1 point) and tumor-
nodes-metastasis (TNM) stage I disease (− 2 points). Those
with a score ≤ 0 had a 4% risk of recurrence, whereas those
with a score ≥ 1 had a 16% recurrence risk [25]. These find-
ings have been validated in other cohorts [26].

Pathophysiology

Extensive research has been aimed at understanding the molec-
ular pathways that underlie the hypercoagulable state of cancer.
There is unlikely a unifying mechanism, but instead, a diverse
set of pathophysiologic mechanisms has been implicated in
various tumor types [27]. This hypercoagulability of cancer
may be (1) cell-mediated through leukocytosis and
thrombocytosis, (2) microparticle-based through expression of
tissue factor and/or phospholipid, or (3) humoral via enhanced
expression of circulating inflammatory markers (Fig. 1). These
mechanisms are compounded by patient- and treatment-related
factors such as immobility and hospitalization, central venous
catheters, surgery, radiation therapy, and vascular toxicity of
chemotherapeutic agents and adjunctive treatments.

Fig. 1 Potential mechanisms of the prothrombotic state of cancer.
Different tumors may induce thrombosis via distinctive mechanisms.
Not all pathways are relevant in each case of thrombosis. Neutrophil
activation can induce release of neutrophil extracellular traps (NETosis),
which along with indwelling catheters and DNA release via tumor cell
death lead to contact pathway activation of the coagulation cascade.
Chemotherapeutic agents and tyrosine kinase inhibitors can activate
vascular endothelium to express adhesion molecules such as P-selectin
and adopt a prothrombotic phenotype. Thrombocytosis is induced by
cytokines from the tumor microenvironment. Tissue factor may be
released directly from tumor cells, via PTEN, KRAS, or p53-driven
gene expression. Microparticles may be secreted by activated platelets,

endothelial cells, leukocytes, and tumor cells that contain tissue factor,
adhesion molecules, and negatively charged phospholipid such as
phosphatidylserine. Contact pathway activation, FVII activation by
tissue factor, and exposure of negatively charged phospholipid all
promote thrombin generation. Thrombin cleaves fibrinogen to insoluble
fibrin which traps red blood cells and along with aggregated platelets
forms a venous thrombosis. FVII factor VII, FIX factor IX, FX factor
X, FXI factor XI, FXII factor XII, IL-6 interleukin-6, PS
phosphatidylserine, ROS reactive oxygen species, TF tissue factor, TKI
tyrosine kinase inhibitor, TPO thrombopoietin, VEGF vascular
endothelial growth factor

Curr Cardiol Rep (2018) 20: 89 Page 3 of 10 89



Leukocytosis is commonly found in non-hematologic can-
cer and may be a direct result of tumor-generated granulocyte
stimulatory factors. Leukocytosis has been associated with the
future development of cancer-related VTE [14•, 28].
Neutrophils, as major constituents of the thrombotic milieu,
extrude neutrophil extra-cellular traps (NETs), made up of
nuclear chromatin studded with granular proteins and prote-
ases, in response to reactive oxygen species that are enriched
in the hypoxic and inflammatory tumor microenvironment.
NETs promote thrombosis through a variety of mechanisms
including direct contact-pathway activation of the coagulation
cascade by extracellular DNA, histone-induced endothelial
activation, neutrophil elastase inhibition of thrombomodulin,
and by providing a scaffold to promote red blood cell and
platelet adhesion [29]. Venous thrombi from humans, not nec-
essarily cancer-related, are enriched with leukocytes and con-
tain abundant NETs [30]. Neutrophils from lung and breast
cancer animal models are primed to release NETs and promote
thrombosis, but a causal role for NETs in cancer thrombosis in
humans has not been clearly defined [31]. Thrombocytosis is
frequently found in patients with cancer, and its presence is
associated with increased risk of VTE [32, 33]. Interleukin-6-
induced production of thrombopoietin contributes to
paraneoplastic thrombocytosis in ovarian cancer, and its pres-
ence is associated with reduced survival [34].

Microparticles (MPs) are cellular fragments 0.1–1 μm in
diameter shed from platelets, endothelial cells, leukocytes,
from outward blebbing of the plasma membrane. MPs can
be enriched for proteins such as tissue factor (TF+) and other
adhesion receptors. In addition to these procoagulant proteins,
microparticles help initiate thrombosis by providing negative-
ly charged phospholipid, such as phosphatidylserine (PS+),
which allows assembly and activation of coagulation cascade
enzymes [35]. Although most firmly established with pancre-
atic cancer, TF +MPs are released from a variety of cancers
including brain, lung, ovarian, and gastric tumors, and their
presence is associated with increased risk of VTE and reduced
survival, especially when tissue factor activity, not just anti-
gen, is measured [36]. The risk of TF +MP production may
also increase with the severity of tumor grade and metastatic
potential. Before assessment of TF+ or PS +MPs can gain
widespread clinical use, assays and measurement protocols
need to be standardized and validated. In addition to MP gen-
eration, tumor cells may express high levels of tissue factor,
either through PTEN, KRAS, or p53-driven gene expression,
or via stimulation from the hypoxic tumor microenvironment
[37, 38]. Tissue factor may aid in tumor growth and metastasis
via platelet activation, which can “cloak” tumor cells to avoid
immune detection, and via stimulation of angiogenesis
through protease-activated receptor signaling [39]. P-selectin,
an adhesion protein expressed on activated platelets and en-
dothelial cells, can promote thrombosis via leukocyte release
of procoagulant microparticles and monocyte tissue factor

expression. In a population of patients with various cancer
types, soluble P-selectin levels above the 75% percentile were
associated with a 2.5-fold increased risk of VTE [40].

Overall, the risk of VTE is significantly higher in cancer
patients receiving systemic chemotherapy. Direct vascular tox-
icity of anti-neoplastic therapy may contribute to thrombosis
risk. Endothelial cell injury from platinum-based chemotherapy
may explain the higher rate of VTE in patients treated with
these agents [41]. Anti-angiogenic therapy with vascular endo-
thelial growth factor (VEGF) inhibitors such as bevacizumab,
and other VEGF-signaling pathway inhibitors including suniti-
nib and sorafenib, are associated with both venous and arterial
thrombosis presumably related to endothelial toxicity [42, 43].
Chemotherapy-induced elevations in cell-free DNA, possibly
from necrotic tumor cells or via NETs, may promote thrombo-
sis via contact activation and generation of thrombin-
antithrombin complexes [44]. VTE rates are also increased in
patients with multiple myeloma receiving thalidomide or
lenalidomide and dexamethasone [45, 46].

Long-term central venous catheters, commonly inserted for
the administration of IV chemotherapeutics, are associated
with increased thrombotic risk via injury to the vessel wall
during insertion, venous stasis, and direct contact pathway
activation [47].

Treatment

The goals of VTE treatment in cancer patients are no different
than those for patients without malignancy. Therapeutic
anticoagulation should be administered with the intention of
improving symptoms, achieving resolution of thrombosis and
reducing the risk of VTE recurrence. However, cancer patients
present with disease- and cancer treatment-specific chal-
lenges, including higher rates of recurrent VTE and uncertain-
ly about the appropriate duration of treatment.

Thromboprophylaxis in Ambulatory Patients

Given the high thrombotic risk of oncologic patients, a number
of randomized controlled trials have been conducted to assess
the efficacy and safety of thromboprophylaxis during chemo-
therapy in the ambulatory setting. The “Prophylaxis of
Thromboembolism During Chemotherapy (PROTECHT)”
[48] and the “Evaluation of AVE5026 in the Prevention of
Venous Thromboembolism in Cancer Patients Undergoing
Chemotherapy (SAVE-ONCO)” [49] enrolled ambulatory pa-
tients with various solid malignancies, whereas the
“Gemcitabine versus gemcitabine plus dalteparin
thromboprophylaxis in pancreatic cancer (FRAGEM)” [50]
and the “Chemotherapy With or Without Enoxaparin in
Pancreatic Cancer (PROSPECT-CONKO 004)” [51] limited
inclusion to pancreatic cancer (of note, the results of the latter
have been published only in abstract form). Patients with
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metastatic breast cancer or stage III/IV lung cancer [52], glioma
[53], and those with multiple myeloma treated with thalidomide
[54] or lenalidomide [55] were enrolled in dedicated trials.
Based on the cumulative evidence, the current American
Society of Clinical Oncology Clinical Practice Guideline [56]
does not recommend routine thromboprophylaxis in ambulatory
cancer patients; however, individualized prophylactic treatment
with LMWH can be considered in solid tumors and aspirin, or
LMWH should be used in multiple myeloma patients receiving
thalidomide or lenalidomide based on their thrombotic risk.

Treatment of Cancer-Associated VTE: LMWH vs Warfarin

While the principles of antithrombotic therapy apply to all
patients with VTE, several factors complicate treatment in
patients with cancer. The presence of drug interactions, gas-
trointestinal and hematologic effects of chemotherapy and ra-
diation, including vomiting and malabsorption, and poor ve-
nous access may significantly limit the use of oral treatments.
For several decades, vitamin K antagonists (VKA) such as
warfarin represented the standard long-term therapy for acute
VTE after an initial treatment with unfractionated heparin or,
more recently, subcutaneous LMWH. Low-molecular-weight
heparins present several advantages compared to oral agents
including predictable pharmacokinetics that do not require
monitoring of anticoagulation effect. Therefore, they may of-
fer a more effective and safer alternative to VKA. This hy-
pothesis was confirmed in the “Low-Molecular-Weight
Heparin versus a Coumarin for the Prevention of Recurrent
Venous Thromboembolism in Patients with Cancer (CLOT)”
trial, which evaluated the efficacy and safety of subcutaneous
dalteparin compared with warfarin for the reduction of VTE
recurrence in cancer patients [57••]. At 6 months, treatment
with dalteparin was associated with a significantly lower rate
of VTE recurrence compared with warfarin (8.0 vs. 15.8%;
HR 0.48; 95% CI 0.30–0.77; P = 0.002), with no difference in
major bleeding (6 vs. 4%) or any bleeding (14 vs. 19%).
Consistent with the results of the CLOT trial, the “Long-term
Low-Molecular-Weight Heparin versus Usual Care in
Proximal-Vein Thrombosis Patients with Cancer (LITE)”
study showed that treatment with tinzaparin for 3 months
was associated with a significantly reduced risk of recurrent
VTE at 12 months (P = 0.044; risk ratio = 0.44) with no dif-
ference in bleeding [58]. The safety of LMWH compared with
VKA in patients with cancer, has also been confirmed in
smaller trials [59, 60]. More recently, the efficacy and safety
of extending LMWH treatment duration to 12 months were
assessed in the DALTECAN study. Interestingly, no improve-
ment in VTE recurrence, nor an increase in bleeding rates
were observed at 12 months compared to only 6 months of
therapy [61]. These results support the findings that the ma-
jority of bleeding and recurrent VTE events occur early on,
often within the first month, of initiating therapeutic

anticoagulation. Finally, the “Comparison of Acute
Treatments in Cancer Hemostasis“(CATCH) trial of 2015
compared LMWH tinzaparin with warfarin across a multina-
tional sample size of 900 cancer patients [62]. The study found
lower rates of recurrent VTE in the tinzaparin cohort com-
pared to warfarin (7.2 vs 10.5%, respectively), but the differ-
ence was not statistically significant (p = 0.07). There were no
differences in major bleeding or overall mortality between the
two treatments, but a significant reduction in clinically rele-
vant nonmajor bleeding was observed in patients receiving
tinzaparin compared to those receiving warfarin.

Direct Oral Anticoagulants (DOACs) in Cancer-Associated VTE

Therapeutic anticoagulation with direct oral anticoagulants
(DOACs) is appealing, given the convenience of oral adminis-
tration and lack of regular drug monitoring compared to
LMWH and warfarin, respectively. DOACs have established
efficacy for treatment of acute VTE when tested in randomized
clinical trials including thousands of patients [63]. However,
only about 6% of patients enrolled had a diagnosis of active
cancer, and it is unclear how many of these patients had high-
risk tumor types, advanced, or metastatic disease. Meta-
analysis of the original DOAC-VTE trials focusing on the lim-
ited subset of patients with malignancy suggests that DOACs
are safe and efficacious in the cancer population as well [63].
Recently published and ongoing trials are prospectively evalu-
ating the efficacy and safety of DOACs versus LMWH in can-
cer patients. The “Edoxaban for the Treatment of Cancer-
Associated Venous Thromboembolism (HOKUSAI-VTE
Cancer)” study is the largest randomized trial published to date
and evaluated the efficacy and safety of edoxaban vs dalteparin
in cancer patients with acute symptomatic or incidental VTE
[64]. The study included 1050 patients with an open label non-
inferiority design. Every patient received dalteparin for 5 days
and then either oral edoxaban 60 mg once daily or subcutane-
ous dalteparin for a minimum of 6 months to a maximum of
12 months. The primary outcome was a composite of VTE
recurrence or major bleeding during the 1-year study period.
Results showed that edoxaban was non-inferior to dalteparin in
the primary composite outcome of recurrent VTE or in major
bleeding at 12 months (12.8% edoxaban vs. 13.5% dalteparin
group; P = 0.006). A non-significant reduction in VTE recur-
rence was seen in the edoxaban group (7.9 vs. 11.3%; P =
0.09). However, a higher rate of major bleeding in patients
receiving edoxaban (6.9 vs. 4.0%; P = 0.04) was observed.
Bleeding events in patients receiving edoxaban were more of-
ten gastrointestinal and occurred preferentially in patients with
gastrointestinal malignancies.

The SELECT-D trial randomized 406 cancer patients with
VTE (symptomatic or incidental PE, or symptomatic lower-
extremity proximal DVT) to rivaroxaban or dalteparin [65].
At 6-month follow-up, rivaroxaban was associated with lower
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rates of VTE than dalteparin (4 vs. 11%, respectively), with no
difference in major bleeding (3 vs 4%, respectively). However,
the rate of clinically relevant non-major bleeding was higher
with rivaroxaban than dalteparin (12.3 vs. 3%, respectively).
Importantly, the protocol was amended to exclude patients with
esophageal and gastrointestinal malignancies due to an imbal-
ance in major bleeding rates compared to other trials.

In summary, data are promising that DOAC therapy might
be an acceptable alternative to LMWH for treatment of cancer
thrombosis. However, the observed increase in bleeding may
make DOACs unsafe in patients with gastrointestinal malig-
nancies. Additional ongoing DOAC trials will help better
characterize the efficacy and safety of these agents in the treat-
ment of malignancy-associated VTE.

Duration of Treatment

The ideal length of time that patients with VTE and cancer
should receive therapeutic anticoagulation has not been defini-
tively established. Compared to patients without malignancy,
where treatment can be confined to 3 months, consensus guide-
lines suggest that treatment for VTE in cancer continues for at
least 6 months [56]. The need for continuing anticoagulation
beyond this point should take into consideration the presence of
progressive or metastatic disease, ongoing chemotherapy, and
risk of bleeding while receiving anticoagulation.

Screening for Cancer in Incident VTE

Unprovoked VTE may be one of the first manifestations of
cancer, with the highest risk occurring within the first year of
VTE diagnosis. Previous reports suggested that as many as
10% of patients presenting with unprovoked VTE would sub-
sequently be diagnosed with cancer. These results prompted
prospective investigations of an extensive versus limited on-
cologic screening strategy in patients presenting with unpro-
voked VTE. Based on a series of recent prospective, random-
ized controlled trials, occult cancer was detected in only about
1 in 20 patients presenting with unprovoked VTE, which nev-
ertheless is a several-fold higher risk than that observed in the
general population [66]. An extensive screening test, includ-
ing computed tomography (CT) of the chest, abdomen, and
pelvis or positron-emission tomography (PET)-CT plus mam-
mography in female patients, did tend to detect occult cancer
more frequently, but the results did not reach statistical signif-
icance and did not result in a reduction in cancer-related or
overall mortality [67, 68]. Nevertheless, risk factors that en-
rich for occult cancer diagnosis in patients with unprovoked
VTE have been reported. In an analysis of 5863 patients in the
RIETE registry with VTE, 444 were diagnosed with occult
cancer within 2 years, with the majority of cancers being de-
tected within 6 months [69]. Age > 70 years and anemia were
the two strongest risk factors (2 points), and male gender,

chronic lung disease, and platelet count ≥ 350 × 109/L were
also independently associated with occult cancer detection (1
point). Post-operative status and history of prior VTE were
associated with lower incidence of cancer diagnosis (− 2 and
− 1 points, respectively). The rates of occult cancer detection
with ≤ 2 or ≥ 3 points were 5.8% (241 of 4150 patients) and
12% (203 of 1713 patients), respectively. This model requires
prospective validation before selective cancer screening of
high-risk VTE patients can be adopted. Consensus guidelines
recommend that physicians maintain a high level of suspicion
for occult cancer and perform a thorough history, physical
exam, and basic blood work (complete blood count, liver
function tests) along with a chest X-ray. Ensuring that all
patients diagnosed with VTE are up-to-date with age-
appropriate cancer screening is also essential. In contrast to
VTE, superficial venous thrombosis does not appear to be
associated with an increased risk for occult malignancy, al-
though some of the results are conflicting [2•].

Special Scenarios

Intracranial Neoplasms

VTE frequently complicates primary tumors of the brain and
cancers with brain metastasis. Limited published information
exists to provide guidance for clinicians to weigh the benefits of
therapeutic anticoagulation against the feared complication of
intracranial hemorrhage (ICH), which carries a high fatality
rate. Few patients with intracranial metastasis were enrolled in
cancer VTE treatment trials. Certain types of brain metastasis
are associated with high rates of spontaneous ICH, including
renal cell carcinoma (RCC) and melanoma. A recently pub-
lished control-matched cohort study of 293 patients with brain
metastasis, over 50% with lung cancer, compared 104 treated
with enoxaparin to 189 matched controls [70]. The rate of ICH
over 1 year was not significantly different in those patients
receiving enoxaparin versus controls, 19 versus 21%, respec-
tively. Renal cell carcinoma and melanoma were the only var-
iables independently associated with increased risk of ICH,
approaching a risk of 50% at 1 year, but treatment with
enoxaparin did affect this risk [70]. Traditionally, the presence
of brain metastases from RCC or melanoma has been a contra-
indication to therapeutic anticoagulation. In contrast, the same
group studied the outcomes in amatched cohort of patients with
malignant primary brain tumors receiving enoxaparin com-
pared to control and found that in glioma patients, therapeutic
anticoagulation was associated with a ~ 13-fold increase in ICH
[71]. Enoxaparin-associated ICH in glioma patients was asso-
ciated with a 70% shortening of medial survival time compared
to spontaneous ICH. These results are supported by a meta-
analysis demonstrating increased risk for ICH in patients with
malignant primary brain tumors treated with anticoagulation
compared to those with brain metastasis [72].
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Incidental VTE

The improved resolution of current imaging modalities com-
bined with the need for frequent scans for tumor staging and
assessment of treatment response has resulted in an increase in
incidentally detected VTE. In fact, studies suggest that in can-
cer patients, almost half of all VTE diagnoses, especially PE,
are detected incidentally in patients without specific symp-
toms [73–75]. This phenomenon has multiple implications.
First off, it is important to confirm the accuracy of VTE diag-
nosis, as the thrombus is often not detected using the ideal
imaging modality such as CTangiography for PE or compres-
sion duplex ultrasound for DVT. For larger proximal pulmo-
nary embolism, this difference in imaging modality may not
affect the accuracy of diagnosis. However, for more distal,
subsegmental PE, the diagnosis may be ambiguous. Even
dedicated CT pulmonary angiography can have interobserver
disagreement about the diagnosis. Lower extremity venous
duplex may be helpful in these cases, as presence of DVT
would support the diagnosis of PE. Low-flow venous states
due to compression by tumor or lymph nodes may result in
false-positive DVT diagnosis, and compression ultrasound
should confirm the diagnosis whenever possible.

Incidental VTE in cancer patients is associated with worse
prognosis with regard to recurrent VTE, bleeding, and death,
not dissimilar to symptomatic VTE [76, 77]. These patients
require careful assessment to ascertain whether they are truly
asymptomatic. Vague complaints of fatigue, malaise, or dys-
pnea may actually be symptoms due to VTE and therefore
anticoagulation is indicated unequivocally. In patients with
incidental proximal PE or VTE, anticoagulation with
LMWH for at least 3–6 months is appropriate, with consider-
ation for extended dosing depending on the status of the ma-
lignancy [78]. Incidental subsegmental PE represents a unique
scenario where the decision to anticoagulate is particularly
controversial. It is not clear if the presence of incidental
subsegmental pulmonary embolism significantly impacts sur-
vival in cancer patients [77, 79]. In such cases, the decision to
anticoagulate can be made on a case-by-case basis taking into
account the patient’s functional status, prognosis, bleeding
risk, and patient preference [78].

Isolated Distal DVT

In the non-cancer population, DVT that is confined to the calf
veins has been demonstrated to carry a low risk of extension to
proximal DVT (< 10%) and an even lower risk of PE (< 1%).
Therefore, for symptomatic distal DVT, even if unprovoked,
current guidelines recommend treatment with a 3-month
course of anticoagulation alone, compared to indefinite
anticoagulation [80]. It is even reasonable to adopt of a strat-
egy of serial surveillance for asymptomatic isolated distal
DVT in the absence of risk factors for extension [80]. The

presence of cancer is, however, a strong risk factor for DVT
extension, and cancer patients with isolated distal DVT should
be treated with anticoagulation barring another contraindica-
tion. Among patients enrolled in the Optimisation de
l’interrogatoire dans l’evaluation du risque thromboembolique
veineux (OPTIMEV) with a concurrent diagnosis of cancer,
isolated distal DVTwas associated a similar risk of death, major
bleeding, and a higher rate of VTE recurrence compared to
those proximal VTE. The risk of death, major bleeding, and
VTE recurrence was much higher in those with cancer-
associated isolated distal DVT compared to patients without
malignancy [81].

Conclusions

Patients with cancer are at increased risk for VTE, and the
development of VTE in a cancer patient portends a worse prog-
nosis. Distinct molecular mechanisms are responsible for VTE
in cancer, and these mechanisms vary between cancer subtypes.
Clinical risk scores can help predict the incidence of VTE in
cancer patients, but further research is required to determine the
optimal utilization of DVT prophylaxis in cancer patients.
Guidelines recommend LMWH as the preferred agent for treat-
ment of cancer-associated VTE, with a duration of treatment for
at least 6 months. Data supporting the use of DOACs for the
treatment of VTE in certain cancer types is promising but re-
quires further validation. Future research should be aimed at
developing novel diagnostics and therapeutics based on the
distinct mechanisms of cancer-associated VTE.
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