
Cancer-associated thrombosis: the when,
how and why

Caio J. Fernandes , Luciana T. K. Morinaga, José L. Alves Jr,
Marcela A. Castro, Daniela Calderaro, Carlos V. P. Jardim and Rogerio Souza

Affiliation: Dept of Cardiopulmonology, Heart Institute, University of Sao Paulo Medical School, Sao Paulo,
Brazil.

Correspondence: Caio J. Fernandes, Dept of Cardiopulmonology, Heart Institute, University of Sao Paulo
Medical School, 44, Av. Dr. Eneas de Carvalho Aguiar, Sao Paulo, 05403-000, Brazil. E-mail: cjcfernandes@
yahoo.com.br

@ERSpublications
Cancer-associated thrombosis (CAT) presents peculiar features (risk factors and pathophysiology) that
distinguish it from common VTE cases. Treatment of CAT requires a different approach, since the
patients are more prone to recurrence and bleeding. http://ow.ly/j1Lu30nYmd5
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ABSTRACT Cancer-associated thrombosis (CAT) is a condition in which relevance has been increasingly
recognised both for physicians that deal with venous thromboembolism (VTE) and for oncologists. It is
currently estimated that the annual incidence of VTE in patients with cancer is 0.5% compared to 0.1% in
the general population. Active cancer accounts for 20% of the overall incidence of VTE. Of note, VTE is
the second most prevalent cause of death in cancer, second only to the progression of the disease, and
cancer is the most prevalent cause of deaths in VTE patients. Nevertheless, CAT presents several
peculiarities that distinguish it from other VTE, both in pathophysiology mechanisms, risk factors and
especially in treatment, which need to be considered. CAT data will be reviewed in this review.

Introduction
Venous thromboembolism (VTE) is a highly prevalent and potentially fatal disease. It is the third most
common cause of cardiovascular death, following acute coronary artery disease and stroke, and is
responsible for more than 3 million deaths per year worldwide [1, 2]. Several risk factors have been
associated with VTE such as obesity, hormone use and immobility among others, but none as relevant as
cancer. It is currently estimated that the annual incidence of VTE in patients with cancer is 0.5%
compared to 0.1% in the general population [3]. Active cancer accounts for 20% of the overall incidence of
VTE [4, 5]. More important than that, cancer is a major cause of death in VTE patients and vice versa.
Data from the Framingham Heart Study demonstrated that in a prospective cohort of 9754 patients,
cancer-associated thrombosis (CAT) had worse survival among VTE patients [6]. In the same direction,
data from the Global Anticoagulant Registry in the Field (GARFIELD)-VTE registry demonstrated that in
a cohort of 10315 VTE patients, from 419 centres and 28 countries, overall mortality was 9.7% in
6 months and 54.3% of all deaths were cancer related [7]. VTE is the second most prevalent cause of death
from cancer, second only to cancer itself [8].

CAT presents several peculiarities that distinguish it from other VTE and are the target of intense interest
in recent medical literature. Abundant data have been generated concerning CAT and its distinct risk
factors, pathophysiological mechanisms, difficulties in the diagnosis and specificities concerning treatment,
and will be addressed in this review.
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Pathophysiological mechanisms of CAT
The thrombotic generation process in the cancer patient is distinct from the non-cancer population. A
protein that is considered critical to CAT is tissue factor, which plays a role both in oncologic progression
and in VTE formation. It is abnormally produced by cancer cells, and plays the role of an activator of the
extrinsic coagulation pathway resulting in the activation of factor X and consequently in fibrin synthesis
and platelet activation. Besides tissue factor, some cancer cells can also produce other substances, such as
distinct cancer pro-coagulant factors that directly stimulate factor Xa, inflammatory cytokines that mediate
endothelial dysfunction and other tumoral produced substances, such as carcinoma mucins, that also
interfere in the coagulation cascade. The fibrinolytic system is also inhibited by the cancer cell synthesised
plasminogen activator inhibitor-1. This imbalance in the pro-anticoagulation balance leads to CAT
generation and its clinical repercussions [9].

CAT risk factors
In 1856, Rudolf Virchow postulated a triad of conditions that lead to thrombosis: endothelial injury,
circulatory stasis, and abnormalities in blood clotting components (hypercoagulable state) [10]. Cancer
patients have several conditions that predispose them to thrombus generation. Their treatment often
requires multiple surgical procedures, with the placement of long-term catheters and chemotherapy
(endothelial injury). Cancer may also contribute to the development of circulatory stasis since bulky
tumoral vascular compression may occur, reducing the blood flow locally. Oncologic pain also can cause
immobility, further worsening damaged venous drainage. Since the late 19th century, it has been known
that some kinds of cancer are associated with an increased blood viscosity and acquired thrombophilia [11].
More recently, tumour genetic characteristics also appear to play a role in VTE formation, since genetic
profiling demonstrated that mutations in K-ras in colon and lung cancer show an association with
increased risk of VTE [12, 13]. JAK2 V617F, a mutation frequently present in patients with
myeloproliferative cancer [14], is also associated with an increased risk of VTE [15].

Different cancer types carry different VTE risk. Haematological malignancies, lung, pancreas, stomach,
bowel and brain cancers are associated with a high risk of clot formation [16, 17], whilst prostate and
breast cancers are associated with low risk of thrombosis [18]. Nevertheless, despite the low relative risk,
since prostate and breast are two of the most prevalent cancers worldwide, VTE is commonly seen in these
populations. The risk of VTE in patients with a diagnosis of malignancies within 5 years is shown in
table 1 [19].

Other risk factors have been described as contributing to CAT [20]: higher tumour grade, metastatic
disease, surgery, haematopoiesis stimulating agents and chemotherapy, mainly platinum derivates,
taxane-based agents, tyrosine kinase inhibitors and immunomodulatory drugs. Particularly worrisome is
the use of angiogenesis inhibitors since they disturb endothelial homeostasis and are prone to VTE
generation [21]. Main risk factors for CAT are summarised in table 2.

In an attempt to foresee VTE events in cancer patients, risk scores pondering the factors previously
described have been created. Perhaps the one most used is the Khorana score (table 3) [24]. It confers
points according to patient and tumour characteristics and is able to classify CAT risk into three categories:
high risk (7% VTE events in the subsequent 2.5 months), intermediate risk (2%) and low risk (∼0.5%).

TABLE 1 Relative risk of venous thromboembolism diagnosis in hospitalised cancer patients

Cancers Odds ratio

Haematological cancer 26.2
Lung 24.8
Gastrointestinal (bowel, pancreas, stomach, oesophagus) 18.9
Brain 8.0
Kidney 5.8
Skin (melanoma, squamous cell) 3.6
Breast 3.5
Prostate 3.4
Uterine cervix 3.3
Ovarium 2.3
Ear, nose and throat 1.5
Other 6.6

Data from [19].
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Another validated CAT risk score in use is the Vienna score [25]. Risk scores allow for: patient education;
increasing VTE awareness and its potential morbidity in cancer patients; VTE screening in high-risk,
asymptomatic cancer patients; and, in selected cases, for the use of primary VTE prophylaxis in cancer
outpatients [26].

CAT primary prophylaxis
Since CAT carries a high VTE recurrence risk, as well as a high risk of major bleeding with
anticoagulation, it makes sense to evaluate individual VTE risk in cancer patients and, in high-risk
patients, promote low dosage anticoagulation as primary prophylaxis. The Khorana score (table 3) and
Vienna score, among others, can be used for risk stratification of VTE possibility based on clinical history
and basic blood tests.

Several pharmacological agents have been studied for primary prophylaxis of CAT in different scenarios.
In 2009, the PROTECHT (Prophylaxis of Thromboembolism during Chemotherapy) study evaluated
ambulatory patients receiving chemotherapy for metastatic or locally advanced solid cancer (lung,
gastrointestinal, pancreatic, breast, ovarian, head, and neck) [27]. 1150 patients were randomised 2:1 to
receive nadroparin, a low molecular-weight heparin (LMWH) (3800 U once daily), or placebo, for up to

TABLE 2 Risk factors for cancer-associated thrombosis

Patient-related factors
Advanced age
Female sex
Prior venous thromboembolism
Patient comorbidities
Infection, obesity, anaemia, pulmonary or renal disease
Prolonged immobilisation
Inherited thrombophilic factors

Cancer-related factors
Site: haematological malignancies, lung, pancreas, stomach, brain, kidney
Stage: advanced stage and initial period after diagnosis
Hospitalisation
Surgery
Chemotherapy and hormonal therapy
Anti-angiogenic therapy
Erythropoiesis-stimulating agents
Blood transfusions

Candidate biomarkers
Platelet count (>350000 per µL)
Leukocyte count (>11000 per µL)
D-dimer
Tissue factor expression by tumour cells
Circulating tissue factor
Soluble P-selectin
C-reactive protein

Reproduced from [22] with permission from the publisher.

TABLE 3 Predictive model for chemotherapy-associated venous thromboembolism

Patient characteristics Risk score

Site of cancer
Very high risk (stomach, pancreas) 2
High risk (lung, lymphoma, gynaecologic, bladder, testicular) 1

Prechemotherapy platelet count ⩾350000 per mm3 1
Haemoglobin level <10 g·dL−1 or use of red cell growth factors 1
Prechemotherapy leukocyte count >11000 per mm3 1
Body mass index ⩾35 kg·m−2 1

A risk score ⩾3 is a high-risk score, 1–2 is an intermediate score, and 0 is a low-risk score.
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4 months. 2% of the nadroparin group presented with thromboembolic events (venous and arterial) versus
3.9% in the placebo group (p=0.02). About 0.7% of the nadroparin group presented with major bleeding
versus none in the placebo group (p=0.18). However, the thrombosis event rate in the untreated
population was lower than expected, and despite the relative risk reduction of 50%, the absolute reduction
of the thrombosis rate in PROTECHT with the LMWH was low (15 out of 767 patients, 52.6% patients
needed to receive nadroparin to avoid one thrombotic event).

In 2012, the SAVE-ONCO (Semuloparin for Thromboprophylaxis in Patients Receiving Chemotherapy for
Cancer) study evaluated the benefit of semuloparin, an ultra LMWH, in this context [28]. A total of 3212
patients with metastatic or locally advanced solid tumours who started chemotherapy were randomly
assigned to semuloparin 20 mg once daily or placebo, until a change in the chemotherapy regimen.
Median treatment duration was 3.5 months. VTE occurred in 1.2% of the semuloparin group versus 3.4%
of the placebo (HR 0.36, 95% CI 0.21–0.60; p<0.001), with consistent efficacy among subgroups defined
according to the origin and cancer stage. No difference was found in the major bleeding rates (2.8% versus
2%; HR 1.4, 95% CI 0.89–2.21). Nevertheless, despite the exciting results from the SAVE-ONCO study,
semuloparin is not commercially available. Recently, a meta-analysis evaluated data about primary
prophylaxis in CAT and concluded that primary prophylaxis with LMWH significantly reduced the
incidence of symptomatic VTE in ambulatory cancer patients treated with chemotherapy [29]. The risk of
major bleeding associated with LMWH suggested caution and required additional studies to determine the
risk-to-benefit ratio of LMWH. Therefore, routine prophylaxis in ambulatory cancer patients with LMWH
cannot be recommended before safety issues are adequately addressed.

With the advent of direct oral anticoagulants for VTE treatment and their favourable pharmacological
profile, this family of drugs has also been considered for CAT primary prophylaxis. In the AVERT
(Apixaban for the prevention of Venous Thromboembolism in High Risk Ambulatory Cancer Patients)
study [30], 563 ambulatory patients with cancer who were at intermediate-to-high risk for venous
thromboembolism (Khorana score ⩾2) and starting chemotherapy were randomised to receive apixaban
2.5 mg twice daily or placebo for 180 days. Venous thromboembolism occurred in 12 (4.2%) out of 288
patients in the apixaban group and in 28 (10.2%) out of 275 patients in the placebo group (HR 0.41, 95% CI
0.26–0.65; p<0.001). Major bleeding occurred in 10 (3.5%) patients in the apixaban group and in five (1.8%)
patients in the placebo group (HR 2.00, 95% CI 1.01–3.95; p=0.046). In the same direction, the CASSINI
(Rivaroxaban for Preventing Venous Thromboembolism in High-Risk Ambulatory Patients with Cancer)
trial evaluated 841 patients starting a new systemic cancer treatment and at an increased risk of developing
VTE (Khorana score ⩾2) who were randomised to receive rivaroxaban 10 mg once daily or placebo for up to
180 days [31]. Subjects were screened with lower extremity ultrasounds every 8 weeks during the study to
look for asymptomatic deep vein thrombosis. Primary efficacy end-point was a composite of objectively
confirmed symptomatic or asymptomatic VTE and VTE-related death. It occurred in 25 (5.95%) out of 420
patients and 37 (8.79%) out of 421 patients (HR 0.66, 95% CI 0.40–1.09; p=0.101) in the rivaroxaban and
placebo groups (number needed to treat=35), respectively. Major bleeding occurred in eight (1.98%) out of
405 in the rivaroxaban group and in four (0.99%) out of 404 patients in the placebo group (HR 1.96, 95%
CI 0.59–6.49; p=0.265) (number needed to harm=101). All-cause mortality occurred in 20.0% of patients in
the rivaroxaban group and 23.8% in the placebo group (HR=0.83, 95% CI 0.62–1.11; p=0.213). A
pre-specified composite of the primary end-point with all-cause mortality occurred in 23.1% of patients in
the rivaroxaban group and 29.5% in the placebo group (HR 0.75, 95% CI 0.57–0.97; p=0.03). However, only
62.4% completed the whole period of the study; withdrawal of consent and death were the primary reasons
for discontinuation. Even so, data from these two studies suggest that direct oral anticoagulants may play a
role in CAT primary prophylaxis in high-risk VTE patients (defined as Khorana score ⩾2).

While primary prophylaxis in ambulatory CAT is still controversial, in surgical cancer patients,
particularly the ones submitted to undergo major abdominal procedures, there is a clear definition for the
LMWH prophylactic use [32]. The ENOXACAN (Efficacy and safety of enoxaparin versus unfractionated
heparin for prevention of deep vein thrombosis in elective cancer surgery: a double-blind randomised
multicentre trial with venographic assessment) II study evaluated 332 cancer patients admitted for
abdominal or pelvic surgery and randomised them to receive enoxaparin 40 mg once daily for 31 days or
placebo after the initial 10 days. The enoxaparin group presented with less VTE than placebo at 1 month
(4.8% versus 12%, p=0.02) and 3 months (5.5% versus 13.8%, p=0.01), without any difference in the
bleeding rates. These results led to the recommendation for LMWH use as primary prophylaxis in all
cancer patients submitted to major abdominal/pelvic surgical procedures, for at least 30 days (table 4) [33].

Treatment of CAT
Overall, CAT therapy follows the same principles of VTE treatment, but some remarks should be
emphasised. Efficacy and safety of anticoagulation are not the same between cancer and non-cancer
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patients. In a now classic Italian prospective cohort of 842 VTE patients treated with vitamin K antagonist
(VKA), that included 181 patients with CAT, thrombosis recurrence in 12 months was 20.7% (95% CI
15.6–25.8%) in the cancer population and 6.8% (95% CI 3.9–9.7%) in the patients without cancer.
Bleeding also proved to be an issue in CAT therapy: while major bleeding occurred in 12.4% (95% CI 6.5–
18.2%) in the cancer population, it only occurred in 4.9% (95% CI 1.2–4.1%) in patients without cancer [34].
Risk of VTE recurrence and bleeding correlated to the extension of cancer. This illustrates that in a fragile
population such as cancer patients, despite treatment, risks of VTE are higher; however, they are more
prone to the most severe adverse event of anticoagulant therapy, bleeding. This led to the pursuit of
several anticoagulant strategies, searching for better and safer options for CAT treatment.

Long-term use of LMWH
Until 2002, long-term anticoagulation for CAT treatment was primarily by means of oral VKA.
Nevertheless, VKA pharmacological properties impose serious difficulties to cancer patients. Constant
drug interactions, malnutrition, vomiting, kidney and liver dysfunction and chemotherapy-induced
thrombocytopenia, which are so frequent in this population, could lead to unpredictable anticoagulation
levels and be harmful to the patients. LMWH was already used for CAT treatment, but mainly during the
first week after VTE diagnosis, and then replaced by VKA. It was a natural evolution in an attempt to
pursue a more stable anticoagulant effect, to extend the LMWH period of use to long term in CAT.

The CANTHANOX (Comparison of low-molecular-weight heparin and warfarin for the secondary
prevention of venous thromboembolism in patients with cancer) trial was the first to evaluate this
approach in a systematic way [35]. In 2002, in an open-label trial, it evaluated 146 CAT patients from 25
centres randomised to subcutaneous enoxaparin (1.5 mg·kg−1 once daily) or warfarin, international
normalised ratio (INR) guided dosage, for at least 3 months. Warfarin patients presented with more events
in the predefined composite outcome (major bleeding or recurrent VTE), 15 (21.1%, 95% CI 12.3–32.4%)
compared with seven (10.5% - 95% CI, 4.3–20.3%; p=0.09) of the patients assigned to receive enoxaparin.
There were six deaths due to haemorrhage in the warfarin group compared with none in the enoxaparin
group. In the warfarin group, 17 (22.7%) patients died (95% CI 13.8–33.8%) compared with eight (11.3%,
95% CI 5–21%; p=0.07) in the enoxaparin group. No difference was observed regarding the progression of
underlying cancer (weakening the hypothesis then present that heparin would interfere in the metastasis
process and reduce cancer dissemination) or cancer-related death.

The study that went on to guide CAT therapy for the following 15 years was published in the following
year in 2003. In the CLOT (Randomised Comparison of Low-Molecular-Weight Heparin versus Oral
Anticoagulant Therapy for the Prevention of Recurrent Venous Thromboembolism in Patients with
Cancer) trial, 672 patients from 48 centres in eight countries were randomised to receive dalteparin at a
dose of 200 IU per kg of body weight subcutaneously once daily for 5–7 days and a VKA for 6 months,
INR-guided dosage, or dalteparin alone for 6 months (200 IU per kg once daily for 1 month, followed by a
daily dose of 150 IU per kg for 5 months) [36]. Compared to the VKA group, dalteparin-treated patients
had fewer recurrent VTE events (9% versus 17%, p=0.002). No significant difference between the
dalteparin group and the oral anticoagulant group was detected in the rate of major bleeding (6% and 4%,

TABLE 4 Major randomised trials in cancer-associated thrombosis primary prophylaxis

Trial Year Patients n Drugs evaluated Major findings

ENOXACAN II
[32]

2002 332 (submitted for
abdominal or pelvic

surgery)

Enoxaparin (31 days) versus
placebo (after 10 days of

surgery)

Enoxaparin patients presented less VTE events than
placebo after 1 (p=0.02) and 3 months (p=0.01). No

difference in major bleeding.
PROTECHT
[27]

2009 1150 Nadroparin (4 months) versus
placebo

Nadroparin patients presented less thrombotic events
(venous and arterial) than placebo (p=0.02). No statistical

difference in major bleeding.
SAVE-ONCO
[28]

2012 3212 Semuloparin (3.5 months)
versus placebo

Semuloparin patients presented less VTE events than
placebo (p<0.001). No difference in major bleeding.

AVERT [30] 2018 563 Apixaban (180 days) versus
placebo

Apixaban patients presented less VTE events than placebo
(p<0.001) and more major bleeding (p=0.046) than

placebo.
CASSINI [31] 2018 841 Rivaroxaban (180 days) versus

placebo
Statistical trend of less VTE events and VTE-related death
in rivaroxaban patients (p=0.10). No difference in major

bleeding.

VTE: venous thromboembolism.
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respectively) or overall mortality (39% in the dalteparin group versus 41% in the VKA group). The CLOT
trial demonstrated the difficulty of achieving good quality anticoagulation with VKA in cancer patients. In
this study, the time in therapeutic range (the percentage of INR that remains in the target zone, among
2 and 3) of the VKA group was only 46%, while the recommendation for effective anticoagulation is >60%.
The CLOT results elicited a recommendation of LMWH as first-choice therapy for CAT treatment, which
is still present in most VTE guidelines [33].

The CLOT results were somehow reproduced in another large trial, 12 years later. In the CATCH
(Comparison of Acute Treatments in Cancer Hemostasis) study, 900 CAT patients from 164 centres were
randomised to receive either tinzaparin 175 U·kg−1 or warfarin, INR guided dosage, for 6 months [37].
Again, the anticoagulation quality achieved with VKA was low, with a time in therapeutic range of just
47%. Recurrent VTE was reduced in the tinzaparin group (7.2% versus 10.5%), but this time the difference
did not achieve statistical significance (p=0.07). No difference was identified in major bleeding or overall
survival. In the CATCH study, VTE recurrence was lower than expected, based on the previous CLOT data,
probably due to the population included: less metastatic cancer, less chemotherapy use and more Asian
patients, who are known to have a lower risk of thrombosis than Europeans. However, the CATCH trial was
relevant due to its large sample size, and results that pointed in the same direction of CLOT. More recently,
two meta-analyses re-evaluated the available data in LMWH and VTE treatment in cancer and ratified the
role of LMWH in CAT, both in the initial anticoagulation period [38] and in the long term [39].

Nevertheless, despite guideline recommendations, the use of LMWH for CAT treatment is not easily done.
Low patient adherence, local pain due to the method of administration and costs are some of the problems
encountered. A study that demonstrates the difficulty of LMWH in CAT is the DALTECAN (Treatment of
venous thromboembolism in cancer patients with dalteparin for up to 12 months) study [40]. In
DALTECAN, an observational study of 334 CAT patients treated with dalteparin 200 IU per kg once daily
for 1 month, followed by a daily dose of 150 IU kg for 11 months, 10.2% of CAT patients presented with
at least one episode of major bleeding and 11.1% presented with VTE recurrence in 1 year. Long-term
adherence to subcutaneous treatment was low, with only 33% of patients receiving LMWH until the end
of the study. In other words, despite significant advances in CAT treatment with LMWH, current
guideline recommendations of CAT treatment still associate a strategy of a high risk of recurrence and
bleeding with low patient adherence.

Direct oral anticoagulants
In 2009, direct oral anticoagulants were introduced for VTE treatment. These new drugs, one direct
thrombin inhibitor (dabigatran) and three Xa antagonists (rivaroxaban, apixaban and edoxaban) proved to
be, in large randomised controlled trials, at least as effective as the conventional VKA anticoagulant
strategy for prevention of VTE recurrence in a general population. Their great advantage, however, was in
safety; bleeding rates were significantly reduced with direct oral anticoagulant use [41]. These data led to
the indication of direct oral anticoagulants as the first-choice anticoagulation for VTE treatment not
related to cancer [33]. Despite this, the potential of the direct oral anticoagulants for CAT treatment was
self-evident. Large, but uncontrolled and single centre series describing the successful use of direct oral
anticoagulants for CAT treatment have started to become available [42, 43]. A meta-analysis of the large,
direct oral anticoagulant trials considering only included cancer patients (n=1132) indicated that the direct
oral anticoagulants were at least as safe and effective as the conventional treatment for VTE in cancer
patients [44]. Nevertheless, the main comparator to direct oral anticoagulants in these studies was VKA,
clearly not the best therapeutic option for CAT therapy. How would a direct oral anticoagulant perform in
CAT when compared to the first-choice agents recommended by guidelines, i.e. LMWH? The answer to
the question arrived in 2018 with the Hokusai VTE Cancer (Edoxaban for the Treatment of
Cancer-Associated Venous Thromboembolism) trial [45]. In this study, 1046 CAT patients were
randomised to receive, after a course of at least 5 days of LMWH, oral edoxaban 60 mg once daily or
dalteparin 200 U·kg−1 once daily for 1 month followed by 150 U·kg−1, for at least 6 months and up to
12 months. The primary outcome was a composite of recurrent VTE or major bleeding. Edoxaban was
noninferior to dalteparin in CAT patients in a number of primary outcome events (12.8% versus 13.5%;
HR 0.97, 95% CI 0.70–1.36; p=0.006 for noninferiority). When the components of the primary end-point
are analysed separately, the results are quite interesting. Contrary to what could be expected, considering
results in the non-cancer population, edoxaban patients had a statistical tendency of fewer episodes of
VTE recurrence than the dalteparin patients (7.9% versus 11.3%; 95% CI -7–0.2), but statistically
significantly more major bleeding events (6.9% versus 4%, 95% CI 0.1–5.6). A more careful analysis of the
bleeding in the Hokusai VTE Cancer trial demonstrated that the excess of major bleeding with edoxaban
was confined to patients with gastrointestinal cancer [46]. Thus, it is worth considering that while
edoxaban is now an effective and safe therapeutic alternative to LMWH for CAT treatment, its use in
gastrointestinal cancer requires careful benefit–risk weighting.
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Another randomised controlled study evaluating a direct oral anticoagulant for CAT treatment was
recently published [47]. In the SELECT-D (Comparison of an Oral Factor Xa Inhibitor With Low
Molecular Weight Heparin in Patients With Cancer With Venous Thromboembolism) trial, 406 CAT
patients were randomised to receive rivaroxaban 15 mg twice daily for 3 weeks followed by 20 mg once
daily for a total of 6 months or dalteparin 200 U·kg−1 once daily for 1 month followed by 150 U·kg−1 once
daily for 2–6 months. VTE recurrence rates were less frequent with rivaroxaban than dalteparin (4% versus
11%; HR 0.43, 95% CI 0.19–0.99), but similar results to the Hokusai VTE Cancer trial, with a different Xa
inhibitor. Bleeding results in SELECT-D are also in line with those from the Hokusai VTE Cancer trial;
6% of major bleeding was 6% and 4% with rivaroxaban and dalteparin, respectively (HR 1.83, 95% CI
0.68–4.96). Again, gastric/oesophageal cancer patients were especially at high risk for major bleeding and
were excluded from a certain point of the study. Apparently, distinct Xa inhibitors have similar profiles of
efficacy and safety for the CAT population. Further conclusions in this regard will potentially come with
the results of the Caravaggio trial, evaluating apixaban against dalteparin in CAT patients, which is
expected in 2019 [48]. Nevertheless, data from the Hokusai VTE Cancer and SELECT-D trials were
sufficient to modify the guideline recommendations for CAT treatment. The International Society of
Thrombosis and Haemostasis (ISTH) recently released a guidance document, suggesting the use of specific
direct oral anticoagulants (rivaroxaban and edoxaban) for CAT treatment in patients with low risk of
bleeding and no drug–drug interactions [49]. LMWH are considered an acceptable alternative and are
suggested for cancer patients with a higher risk of bleeding with direct oral anticoagulants, such as
gastrointestinal cancers. Patients preferences should also be accounted for in the decision-making process.
The major randomised trials concerning CAT anticoagulant therapy are summarised in table 5.

Special issues in CAT
Screening of occult cancer in VTE
VTE can be the first manifestation of cancer and may precede the oncological diagnosis by up to 6 years [50].
However, the risk of cancer in the VTE population is higher during the first 6 months following the acute
event [51]. The incidence of occult cancer detection can reach 10% after the first unprovoked VTE
event [52]. In this setting, in an attempt to diagnosis earlier with potential impact on survival, it is logical
to pursue a screening strategy of occult cancer in VTE, mainly in the unprovoked patients. However,
occult cancer screening has an economic cost, potential radiation exposure and some psychological
burden. To answer the question if cancer screening should be performed after an unprovoked VTE event,
three large trials were recently published. In the Canadian SOME (Screening for Occult Malignancy in
Patients with Idiopathic Venous Thromboembolism) multicentre clinical trial [53], 854 unprovoked VTE
patients were randomised to a conservative screening strategy (basic blood testing, chest radiography, and
screening for breast, cervical and prostate cancer) or a screening strategy that also included computed
tomography (CT) of the abdomen and pelvis. The prevalence of occult cancer was low among both groups
after 1 year of follow-up (3.2% in the limited-screening group versus 4.5% in the CT group, p=0.28),
without a significant benefit of routine screening with CT. It is worth noticing that, in SOME, the

TABLE 5 Major randomised trials in cancer-associated thrombosis treatment

Trial Year Patients n Drugs evaluated Major findings

CANTHANOX [35] 2002 146 Enoxaparin versus
warfarin

Statistical tendency of warfarin to be more associated with major
bleeding (p=0.09) and death (p=0.07) than enoxaparin.

CLOT [36] 2003 672 Dalteparin versus
warfarin

Dalteparin was superior to warfarin in VTE recurrence (p=0.002).
No difference in major bleeding or mortality.

CATCH [37] 2015 900 Tinzaparin versus
warfarin

Statistical tendency of VTE recurrence reduction with tinzaparin
(p=07). No difference in major bleeding or mortality.

HOKUSAI-CANCER
[45]

2018 1046 Edoxaban versus
dalteparin

Edoxaban was non-inferior to dalteparin. Statistical tendency of
superiority of edoxaban in VTE recurrence reduction (p=0.09),

statistically significant more major bleeding with edoxaban (p=0.04).
SELECT-D [47] 2018 406 Rivaroxaban versus

dalteparin
Statistically significant less VTE recurrence (HR 0.43, 95% CI

0.19–0.99) and statistical tendency of more bleeding (HR 1.83, 95%
CI 0.68–4.96) with rivaroxaban (oesophagus and gastro-oesophageal
junction cancer patients excluded after inclusion of the first 220

patients)
CARAVAGGIO [48] 2019

(expected)
1168

(expected)
Apixaban versus

dalteparin
?

VTE: venous thromboembolism.
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incidence of occult cancer in the unprovoked VTE patients that had a negative screening result and the
limited strategy was very low (0.93% over the following year), lower than expected and similar to the
incidence reported in patients without VTE [54]. In the same direction, an Italian trial of 195 unprovoked
VTE patients was randomised to an extensive CT screening strategy (thoracic, abdominal and pelvic) plus
a faecal occult blood test or a no standardised testing approach based on the attending physicians’ clinical
judgment and patients’ preferences [31]. No difference was identified in the occult cancer detection
efficiency (10.2% versus 8.2%, respectively, p=0.81). Finally, the additional value of adding positron
emission tomography (PET) to the conventional CT detection strategy has also been tested in a French
multicentre trial (MVTEP), but again it did not add to the conventional cancer detection strategy [32].
However, the incidence of subsequent diagnosis of cancer during follow-up was significantly lower in
patients who had negative PET-CT screening than in patients who had a negative initial limited screening
(0.5% versus 4.7%, absolute risk difference 4.1%, 95% CI 0.8–8.4, p=0.01). Even so, when addressing
cost-effectiveness, extensive occult cancer screening failed to prove its usefulness [55]. This led to the
actual recommendation of the ISTH, that unprovoked VTE patients should undergo limited cancer
screening, including medical evaluation, chest radiograph and laboratory tests: blood count, calcium,
urinalysis, and liver function test. Age-specific and sex-specific cancer screening (colon, breast, cervix and
prostate) should be performed according to national recommendations [56].

Some particular characteristics of the VTE patients may be suggestive of a more intense pro-coagulant
state and, therefore, indicate a higher risk of occult cancer. These patients may eventually benefit from
more extensive screening. Among these characteristics are recurrent VTE despite adequate anticoagulant
treatment, bilateral deep vein thrombosis and extensive pulmonary embolism. A recent study evaluated the
data from the MVTEP trial and identified the following as risk factors for occult cancer in unprovoked
VTE patients: age >50 years, male sex, high leukocyte counts and high platelet count [57]. Surprisingly,
smoker status and history of previous VTE were not associated with occult cancer diagnosis. Age, in
particular, has also been identified in a recent meta-analysis as a significant risk factor for occult cancer in
unprovoked VTE. Cancer prevalence increased linearly with age and was seven-fold higher in patients
aged ⩾50 years than in younger patients (OR 7.1 (95% CI 3.1–16)) [58].

Recently, a risk score identifying VTE patients at high risk for occult cancer has been developed.
Components of this score include age >70 years, chronic lung disease, anaemia, elevated platelet count, prior
VTE and recent surgery. Despite being promising, this score, based on data from the Registro Informatizado
Enfermedad TromboEmbólica (RIETE), still needs external validation before clinical application [59].

Incidental pulmonary embolism
The cancer patient is frequently submitted for chest CT scans for several reasons; from the evaluation of
disease progression to potential side-effects of chemotherapy in the lung. Incidental pulmonary embolism
is a frequent finding on these CT scans, being found in ∼3.6% of patients [60]. Cancer confers to the
patient a higher risk of VTE, and asymptomatic pulmonary embolism may be an indicator of an acquired
procoagulant state. However, as described previously, cancer patients are more susceptible to both VTE
recurrence and major bleeding if anticoagulation is instituted. Thus, what should be the priority? Does
asymptomatic pulmonary embolism carry smaller risk than the symptomatic one, specifically in cancer
patients? Is this risk low enough to avoid anticoagulation?

Unfortunately, no large uncontrolled trials are available to answer these questions. But smaller studies can
provide some guidance on this matter. In a Japanese study, suspected and unsuspected pulmonary
embolism in 77 patients with lung cancer did not differ in terms of recurrence (20% versus 19%, p=1.0) or
survival (5.6 versus 6.2 months, p=0.85) [61]. Contrary to expected, proximal pulmonary embolism did not
result in higher mortality risk than distal pulmonary embolism. Therefore, in cancer patients even small,
asymptomatic clots increase the risk of death.

And what about anticoagulation? A Korean study retrospectively evaluated 8014 lung cancer patients [62].
Pulmonary embolism developed in 180 (2.2%) patients, 113 (63%) of them were identified incidentally. Of
the unsuspected pulmonary embolism patients, 62 (55%) did not receive anticoagulation therapy and had
worse survival than the those receiving anticoagulation therapy (HR 4.1, 95% CI 2.3–7.6). Again, despite
limited evidence and a higher risk of bleeding, anticoagulation appears to be beneficial in incidental CAT.
This led to the actual guidelines of the American Society of Clinical Oncology, that recommend that
incidental VTE should be treated in the same manner as symptomatic VTE [63].

Duration of anticoagulation for CAT treatment
Duration of anticoagulation after a CAT episode is still a matter of debate. The majority of randomised
trials evaluated anticoagulants drugs for at least 6 months after the acute thrombotic event in cancer
[36, 37, 45, 47] and this is the minimum duration of anticoagulation for CAT recommended in most
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guidelines [63–65]. It is also suggested to extend anticoagulation after a CAT episode while the risk factor
for VTE recurrence is still present after the initial 6 months, such as active cancer, metastatic disease or
chemotherapy use. However, as previously mentioned, CAT patients are at higher risk of bleeding during
anticoagulant treatment [34], so the decision of extending anticoagulants beyond 6 months should be
considered while balancing the risk of bleeding. However, recent advances in oncologic treatment now
provide complete remission of cancer in several patients. In this setting, if CAT has developed and has
been adequately treated for 6 months, should anticoagulant therapy be extended? Is it safe to withdraw the
anticoagulants? And if so after how long?

One study suggested an elegant way of evaluating the risk of VTE recurrence after the initial 6 months of
anticoagulant therapy in CAT patients. In the Cancer-DACUS (Optimal Duration of Low Molecular
Weight Heparin for the treatment of Cancer-Related Deep Vein Thrombosis) trial [66], 347 cancer
patients who received at least 6 months of LMWH after the first episode of deep vein thrombosis were
evaluated with a compression ultrasonography of the legs, and were identified as having residual vein
thrombosis (69.7%) or not. Residual vein thrombosis patients were then randomised to receive a further
6 months of nadroparin 97 UI per kg twice daily or to stop LMWH. Residual vein thrombosis patients
that received 12 months of LMWH did not present lower recurrence rates than the residual vein
thrombosis patients who stopped after the first 6 months (22.7% versus 21.9%; HR 1.37, 95% CI 0.7–2.5;
p=0.311). However, patients that did not present residual vein thrombosis had a significant lower VTE
recurrence than both groups (2.8%; HR 6, 95% CI 1.7–21.2; p=0.005). No difference in major bleeding was
identified among the three groups. Therefore, in this study, the absence of residual vein thrombosis after
6 months of CAT treatment identified a population at low risk for recurrent thrombotic events. Residual
vein thrombosis absence may identify potential targets of withdrawal of anticoagulant therapy after the
initial 6 months of CAT treatment.

Conclusion
CAT presents peculiar features that distinguished them from ordinary VTE cases. The pathophysiology of
CAT includes the production of tissue factor and other procoagulant substances that impair the endothelial
balance between thrombosis/anticoagulation. Some cancers are particularly prone to VTE, such as
haematological, lung, pancreas, brain and stomach. Other properties are related to VTE risks, such as
chemotherapy use and advanced staging. CAT carry a high risk of VTE recurrence but also major bleeding,
when treated. Treatment of CAT requires a different approach than ordinary VTE cases, and LMWH is the
first treatment choice. However, direct oral anticoagulants (edoxaban and rivaroxaban) proved to be as
efficient and safe as LMWH for CAT treatment, and are a viable choice, with potential benefits in
adherence. CAT may present other clinical challenges such as the lack of evidence supporting extensive
cancer screening in unprovoked VTE, the need for treatment even in incidental VTE in cancer patients,
and the absence of consensus regarding primary VTE prophylaxis in high-risk ambulatory cancer patients.
In cancer patients admitted for major surgery, primary prophylaxis with LMWH for 30 days impacted
positively in VTE recurrence and should be implemented. Still, upcoming data from large cohorts are
expected for the near future potentially bringing enlightenment to an intriguing scenario in which multiple
factors significantly influence the clinical course of VTE, turning CAT into a specific clinical condition.
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