
| COMBINED BASIC SCIENCE AND EDUCATION SESSION ON CANCER-ASSOCIATED THROMBOSIS |

What’s new in the prevention and treatment of
cancer-associated thrombosis?

Miriam Kimpton and Marc Carrier

Department of Medicine, The Ottawa Hospital Research Institute, University of Ottawa, Ottawa, ON, Canada

Venous thromboembolism (VTE) is a common complication in ambulatory cancer patients receiving chemotherapy.
Current clinical guidelines recommend against the use of routine primary thromboprophylaxis in unselected ambulatory
cancer patients. The Khorana score is a risk assessment tool derived and prospectively validated for the identification of
cancer patients at high risk of thrombotic complications. Recently, 2 randomized, controlled trials have assessed the use
of low-dose direct oral Xa inhibitors, apixaban and rivaroxaban, for the prevention of cancer-associated thrombosis in
ambulatory patients at intermediate to high risk of VTE (Khorana score ‡2). Taken together, these trials have shown that
low-dose direct oral Xa inhibitors reduce the risk of VTE in this patient population without a significant increase in major
bleeding. These results should encourage clinicians to consider the use of primary thromboprophylaxis in ambulatory
cancer patients at intermediate to high risk of VTE who do not have any apparent risk factors for bleeding. The direct oral
Xa inhibitors have also been assessed in the acute management of cancer-associated thrombosis. Current evidence
suggests that these drugs are a convenient, effective, and safe option for the management of acute VTE in many cancer
patients. Low-molecular weight heparin, however, may continue to be the treatment of choice depending on the presence
of bleeding risk factors, the type of cancer, drug-drug interactions, and patient preferences.

Learning Objectives

• Understand the incidence and risk factors associated with
venous thromboembolism in cancer patients

• Learn the management options for the prevention of venous
thromboembolism in ambulatory cancer patients receiving
chemotherapy

• Review the management of cancer-associated thrombosis

Clinical case 1
A 58-year-old man has been diagnosed with advanced pancreatic cancer.
He does not have any other comorbidities requiring active medical care
apart from hypertension. Bilirubin is,1.5 times the upper limit of normal,
albumin is 3.5 g/L, international normalized ratio is 1.1, and creatinine is
within the normal limit. White blood cell count is 9.8 3 109/L. He-
moglobin is 13.4 g/dL, and platelets are 4203 109/L. Bodymass index is
28 kg/m2. The patient has never suffered a venous thromboembolic or
major bleeding event. Eastern Cooperative Oncology Group Performance
Status is 1. He is to start a platinum-based chemotherapy regimen next
week. His Khorana score is 3.

Epidemiology of cancer-associated thrombosis
Cancer is a hypercoagulable state associated with an estimated increase
in the risk of venous thromboembolism (VTE) of 4 to 7 times the
baseline risk of the general population.1 A nested case-control study
from the Olmsted County cohort reported an odds ratio (OR) of 4.1 for
the diagnosis of VTE in patients with cancer. In patients with cancer

requiring chemotherapy, the OR increased to 6.5.2 In a recent large
database study, which followed patients for a total of 112738 active
cancer-associated person-years, cancer patients were found to have
a VTE rate of 5.8 (95% confidence interval [95% CI], 5.7-6.0) per
100 person-years.3 Themost common types of cancers, prostate inmen and
breast inwomen, contributedmost heavily to the overall burden of cancer-
associated thrombosis (CAT). The highest VTE incidence rate, however,
was found in patients with pancreatic cancer (14.6 per 100 person-
years; 95% CI, 12.9-16.5) followed by brain cancer (12.1 per 100
person-years; 95% CI, 10.3-14.0) and ovarian cancer (11.9 per 100
person-years; 95% CI, 10.6-13.2). Furthermore, this same study
found that the rate of recurrent VTE after the diagnosis of CAT was
substantial at 9.6 (95% CI, 8.8-10.4) per 100 person-years and that
CAT was associated with an overall mortality rate of 67.7 (95% CI,
65.9-69.7) per 100 person-years. Tellingly, 64.5% of mortality oc-
curred in the first year after VTE diagnosis. These data are consistent
with previous studies, which found that thromboembolism is the
second leading cause of death in cancer patients receiving chemo-
therapy4 and that the annual death rate for VTE in cancer patients is
47 times that of the general population.5

Primary prevention of CAT in ambulatory patients
Current guidelines do not recommend the general use of thrombo-
prophylaxis in ambulatory cancer patients, although this intervention
may be considered in certain patients at high risk for CAT.6,7

Furthermore, the American Society of Clinical Oncology guide-
lines recommend that cancer patients should be periodically reas-
sessed for CAT risk and that these patients should be educated
regarding the presenting signs and symptoms of VTE.6 Several
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Off-label drug use: Use of apixaban and rivaroxaban for primary prevention of VTE in ambulatory cancer patients initiating chemotherapy.
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studies have assessed the role of prophylactic dose low-molecular
weight heparin (LMWH) or ultra-LMWH in the prevention of CAT
in ambulatory cancer patients receiving chemotherapy.8-17 Based on
high-quality evidence, a Cochrane systematic review on this subject
found a risk ratio (RR) for the development of symptomatic VTE
in unselected cancer patients treated with LMWH prophylaxis
compared with no thromboprophylaxis of 0.54 (95% CI, 0.38-0.75;
I2 5 0%).18 Based on low-quality evidence, this finding was as-
sociated with a statistically nonsignificant increase in major bleeding
(RR 5 1.44; 95% CI, 0.98-2.11; I2 5 0%) but a significant increase
in clinically relevant nonmajor bleeding (CRNMB; RR5 3.40; 95%
CI, 1.20-9.63; I2 5 78%). The 1-year overall mortality was un-
changed between the 2 groups (RR5 0.93; 95% CI, 0.80-1.09; I2 5
62%). Therefore, although this meta-analysis suggested that
primary thromboprophylaxis in cancer patients was effective and
safe, the limited number of both thrombotic and bleeding events
leading to small absolute differences between the treatment and
observation or placebo groups led the authors to conclude that ad-
ditional studies were needed before the general use of LMWH
prophylaxis in cancer patients could be recommended.

Assessment for the risk of VTE in ambulatory
cancer patients
Identifying cancer patients at high risk of VTE complications for
which thromboprophylaxis might lead to a larger absolute difference
in efficacy is warranted. Multiple factors have been associated with
the risk of CAT, including patient-related risk factors, cancer-
associated risk factors, therapy-related risk factors, and the pres-
ence of certain biomarkers19 (Table 1). Unfortunately, as highlighted
by the American Society of Clinical Oncology guidelines,20 indi-
vidual risk factors cannot reliably predict the risk of thrombosis in
cancer patients. Therefore, validated risk assessment tools must be
used in clinical practice to identify those patients who are most at risk
for CAT.

The Khorana risk score integrates several patient, tumor, and he-
matological biomarkers into 1 risk assessment tool to identify pa-
tients at high risk of VTE21 (Table 2). This risk score was prospectively
validated in a large cohort study, the Vienna CATS cohort, in 2010.22

In this Vienna CATS cohort study, the risk of VTE at 6 months in
patients with a Khorana score of 2 or more, representing a high-
intermediate score, was found to be elevated at 9.4%. Of note, this
same study also proposed an expanded Khorana score (Table 3). In
clinical practice, a dichotomized Khorana score using a score of 2 or
more to identify patients at intermediate-high risk of VTE was also
found to be both practical and readily capable of risk-stratifying
cancer patients into 2 clinically relevant groups.23 Since then, the
Khorana score has been validated retrospectively and prospectively
in .18 000 patients internationally.24

Can the use of risk stratification and
thromboprophylaxis in selected cancer patients reduce
the risk of CAT?
Prophylaxis of High-risk Ambulatory Cancer Patients Study (PHACS)
was a multicenter, randomized, controlled trial (RCT) assessing
LMWH (dalteparin 5000 U daily) vs observation in ambulatory
cancer patients receiving chemotherapy, with a Khorana score of
3 or more.13 Before randomization, patients underwent screening com-
pression ultrasonography of the lower extremities and chest com-
puted tomography to rule out preexisting VTE. Repeat compressive
ultrasonography screening of the lower extremities was performed
at weeks 4, 8, and 12. Of the 117 patients enrolled in the study,
10 patients were diagnosed with a VTE at baseline, and 9 were not
randomized. Therefore, 50 patients were randomized to the LMWH
arm, and 48 were randomized to the observation arm. The trial was
unfortunately terminated early because of poor accrual. In the included
patients, 37% had pancreatic cancer, 27% had lung cancer, and 25%
had gastroesophageal cancer. In the LMWH arm, 6 VTE events were
diagnosed compared with 10 in the observation arm for a hazard ratio
(HR) of 0.69 (95% CI, 0.23-1.89). Of note, there were only 4
symptomatic VTE events diagnosed. The primary safety outcome of
clinically relevant bleeding occurred in 7 patients in the dalteparin arm
compared with 1 in the observation arm for an HR of 7.02 (95% CI,
1.24-131.6). Major bleeding, however, only occurred once in each arm.

Primary prevention of CAT in ambulatory patients using
direct oral anticoagulants
The Efficacy and Safety of Rivaroxaban Prophylaxis Compared with
Placebo in Ambulatory Cancer Patients Initiating Systemic Can-
cer Therapy and at High Risk for Venous Thromboembolism
(CASSINI) trial was an international, double-blind, placebo-controlled,
randomized, superiority trial of intermediate-high risk (Khorana
score $2) ambulatory cancer patients.25 Patients underwent pre-
randomization lower-extremity compressive sonography screening
for preexisting VTE. If no deep vein thrombosis (DVT) was found,
participants were randomized to rivaroxaban 10 mg daily or placebo
for up to 6 months, with stratification for the presence of pancreatic
cancer. Planned repeat compressive ultrasonography was to be done
every 8 weeks. The primary efficacy outcome was a composite of
incidental or symptomatic proximal DVT or pulmonary embolism
(PE), symptomatic upper-extremity DVT or symptomatic distal
DVT, or VTE-related death during the 6-month follow-up period.
The primary safety outcome was major bleeding as defined by the
International Society on Thrombosis and Haemostasis.26 In total,
1080 patients were enrolled, but 49 (4.5%) patients were diagnosed
with DVT at first screening, and 190 were excluded from the trial for

Table 1. Risk factors for the development of CAT

Risk factors

Patient related
Personal history of VTE
Immobilization
Thrombophilia
Cardiovascular risk factors

Treatment related
Chemotherapy (immunomodulatory agent, angiogenesis agents,
platinum-based therapy, anthracycline-containing therapy)

Hormonal therapy
Radiation therapy
Surgery
Central venous catheters

Cancer related
Cancer type
Cancer stage and histological grade
Time since cancer diagnosis
Tumor bulk leading to vascular compression

Biomarkers
Cytosis
D-dimer
P-selectin
Tissue factor-positive microvesicles
Elevation in plasminogen activator inhibitor-1

Adapted from Ay et al19 with permission.
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other causes. In the intention-to-treat analysis, a total of 841 pa-
tients were included: 420 in the rivaroxaban group and 421 in the
placebo group. Overall, 32.6% of patients had pancreatic cancer,
20.9% had gastric or gastroesophageal junction cancer, and 15.9%
had lung cancer. In the intention-to-treat analysis, the primary
efficacy outcome occurred in 6.0% of the patients in the rivarox-
aban group compared with 8.8% in the placebo group for an HR of
0.66 (95% CI, 0.40-1.09; P value 5 .10). In a pe-specified on-
treatment analysis, the primary efficacy outcome took place in 2.6%
of patients in the rivaroxaban group and 6.4% in the placebo group
for an HR of 0.40 (95% CI, 0.20-0.80). The primary safety out-
come, major bleeding, occurred in 2.0% of the patients receiving
rivaroxaban and 1.0% of the patients receiving placebo (HR 5
1.96; 95% CI, 0.59-6.49). CRNMB was ascertained in 2.7% of
patients receiving rivaroxaban compared with 2.0% of those re-
ceiving placebo for an also nonsignificant HR of 1.34 (95% CI,
0.54-3.32).

The Apixaban for the Prevention of Venous Thromboembolism in
High-Risk Ambulatory Cancer Patients (AVERT) trial was a double-
blind, placebo-controlled RCT assessing the use of apixaban 2.5 mg
twice daily in the thromboprophylaxis of intermediate-high risk
(Khorana score $2) ambulatory cancer patients receiving chemo-
therapy.27 Eligible patients were randomized in a 1:1 ratio to receive
apixaban or placebo. No screening compressive ultrasonography of
the lower extremities was done at baseline and throughout the
follow-up period of 6 months. The primary efficacy outcome was a
composite of symptomatic or incidental proximal upper-extremity or
lower-extremity DVT, symptomatic or incidental PE, or PE-related
death. The main safety outcome was major bleeding.26 Overall, 574
patients were randomized, and 563 were included in the modified
intention-to-treat analysis. The most common cancer types were
gynecologic (25.8%), lymphoma (25.3%), and pancreatic (13.6%).
The primary efficacy outcome occurred in 4.2% of the patients in the
apixaban group and 10.2% of patients in the placebo group for an HR
of 0.41 (95% CI, 0.26-0.65; P value # .001). Major bleeding was
diagnosed in 3.5% of the patients in the treatment arm and 1.8% of
patients in the comparator arm for an HR of 2.00 (95% CI, 1.01-3.95;
P value 5 .046). CRNMB was noted in 7.3% of the patients re-
ceiving apixaban and 5.5% of those receiving placebo (HR 5 1.28;
95% CI, 0.89-1.84). In the secondary on-treatment analysis, the
primary outcome occurred in 1.0% of the patients in the apixaban
group compared with 7.3% in the placebo group for an HR of
0.14 (95%CI, 0.05-0.42), and major bleeding occurred in 2.1% in the
apixaban group and 1.1% in the placebo group for an HR of
1.89 (95% CI, 0.39-9.24).

Should primary prevention of VTE in ambulatory cancer
patients receiving chemotherapy be adopted in
clinical practice?
Taken together, the results of the CASSINI trial and the AVERT trial
offer novel and compelling evidence for the use of prophylactic dose
direct oral Xa inhibitors in the primary prevention of VTE in am-
bulatory cancer patients receiving chemotherapy at intermediate-
high risk of VTE. As previously reported by Agnelli,28 when
combining the efficacy results of both trials in an intention-to-treat
analysis, the RR was 0.56 (95% CI, 0.38-0.83) for a number needed
to treat to prevent 1 VTE event of 24. The evidence for major
bleeding, however, was quite reassuring, with an RR of 1.96 (95%
CI, 0.88-4.33) for a number needed to harm of 77. Furthermore, the
risk of death from any cause seemed to be unchanged with the use of
thromboprophylaxis, with an RR of 0.92 (95% CI, 0.73-1.16).

The results of the CASSINI trial and the AVERT trial, therefore, offer
a better understanding of the VTE burden and efficacy of thrombo-
prophylaxis in the general population of cancer patients at elevated risk
of VTE. However, they do not provide specific knowledge on the risk
and benefit of thromboprophylaxis in specific cancer types given the
limited number of patients with each particular cancer diagnosis in-
cluded in these studies. This limitation may only be addressed with
more studies assessing the use of primary thromboprophylaxis in
specific cancer types. Furthermore, when combining the results of both
studies, it is important to bear in mind that the proportion of each
cancer type differed significantly between the AVERT trial and the
CASSINI trial, with the AVERT trial having included a large pro-
portion of hematological and gynecological cancer patients and the
CASSINI trial having included a large proportion of pancreatic and
gastric or gastroesophageal cancer patients. These differences may be
explained in part by the different inclusion and exclusion criteria of the
2 studies as well as the use of the expanded Khorana score from Ay
et al22 in the AVERT trial compared with the original Khorana score
used in the CASSINI trial. As such, patients with primary brain tu-
mors, brain metastases, or hematological cancers other than lymphoma
were excluded from the CASSINI trial, whereas the AVERT trial
included a relatively important number of hematological cancer pa-
tients (allowing for the both lymphoma and plasma cell myeloma
cancer patients to be randomized) and a small proportion of patients
with brain cancer. Patients with acute leukemia and myeloproliferative
neoplasms, however, were excluded from both studies.

Table 2. Khorana risk score

Risk score

Cancer type
Very high risk: pancreatic, gastric 2
High risk: lung, lymphoma, gynecologic, bladder,
testicular

1

Hematological markers
Prechemotherapy platelet count $350 3 109/L 1
Hemoglobin count ,100 g/L or use of red cell growth
factors

1

Prechemotherapy leukocyte count .11 3 109/L 1
Patient factor
Body mass index $35 kg/m2 1

Adapted from Khorana et al.21

Table 3. Expanded Khorana risk score

Risk score

Cancer type
Very high risk: brain, pancreatic, gastric 2
High risk: lung, lymphoma, gynecologic, bladder,

testicular, myeloma, kidney
1

Hematological markers
Prechemotherapy platelet count $350 3 109/L 1
Hemoglobin count ,100 g/L or use of red cell growth

factors
1

Prechemotherapy leukocyte count .11 3 109/L 1
Patient factor
Body mass index $35 kg/m2 1

Procoagulant markers
D-dimer $ 1.44 mg/mL 1
Soluble P-selectin $ 53.1 ng/mL 1

Adapted from Ay et al.22
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Certain questions remain, which when elucidated, would help with
the full integration of preventive dose direct oral Xa inhibitors in the
care of cancer patients.

First, although both the AVERT trial and the CASSINI trial
managed to identify a patient population at high risk for VTE by
using the Khorana score or an expanded Khorana score with a
threshold of$2 (with a combined incidence of VTE in the placebo
groups of 9.3%), other adjustments to the Khorana score may lead
to an improved risk stratification strategy. Indeed, in a recent meta-
analysis assessing the performance of the Khorana score during a
6-month follow-up period in both prospective and retrospective
studies including .34 000 patients, it was shown that the score’s
predictive capacity differed significantly across the various cancer
types and that using a cutoff of $3 to identify patients at high risk
of VTE resulted in only 23% of the VTE events in the follow-up

period occurring in this high-risk group.29 By comparison, using a
cutoff of$2 in a sensitivity analysis found an incidence of VTE in
the 6-month follow-up period similar to what was reported in the
AVERT trial and the CASSINI trial at around 9%, accounting for
55% of the VTE events in the follow-up period. Therefore, it
remains to be seen whether the Khorana score may further be
adapted to better inform the decision on primary thrombopro-
phylaxis, especially as it pertains to the risk of VTE across different
cancer types.

Second, the goal of primary thromboprophylaxis is to decrease the
risk of VTE while minimizing the risk of bleeding. As shown above,
the Khorana score may be used to characterize a patient’s individual
risk of VTE and therefore, assess the potential benefit of primary
thromboprophylaxis. The evaluation of the bleeding risk while re-
ceiving thromboprophylaxis, however, remains less clear. Both the

Table 4. Ongoing studies for the primary prevention of cancer-associated VTE in adult patients

Study Study design Intervention Status

Prophylaxis of Venous Thromboembolism in Advanced
Lung Cancer (PROVE; NCT03090880)

RCT Tinzaparin 4500 U vs usual care Recruiting

Apixaban for Primary Prevention of Venous
Thromboembolism in Patients with Multiple Myeloma
(NCT02958969)

RCT Apixaban 2.5 mg twice daily vs placebo Active, not recruiting

ASA Vs Rivaroxaban in Newly Diagnosed or Relapsed and
Refractory Multiple Myeloma Patients Treated with Len-
Dex Combination Therapy (RithMM; NCT03428373)

RCT Rivaroxaban 10 mg daily vs aspirin 81 mg daily Not yet recruiting

Figure 1. Initiating primary thromboprophylaxis in an ambulatory cancer patient receiving chemotherapy. CYP3A4, cytochrome P450 3A4; P-gp,
P-glycoprotein. *Characteristics associated with high bleeding risk to consider: previous major bleeding, known hemorrhagic lesion, active bleeding,
severe renal dysfunction, severe thrombocytopenia, and bleeding diathesis.
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AVERT trial and the CASSINI trial excluded patients at high risk of
bleeding. In these studies, the risk of bleeding was not assessed
systematically, but they relied on expert judgement and the presence
of generally accepted criteria for increased risk of bleeding, such as
severe renal dysfunction, severe thrombocytopenia, bleeding di-
athesis, or the presence of a hemorrhagic lesion. In clinical practice,
however, the capacity to identify cancer patients at risk of bleeding
while receiving primary thromboprophylaxis through a more sys-
tematic evaluation would help clinicians better balance the risk-benefit
of primary thromboprophylaxis in their patients. Additional evidence
on the risk of bleeding in cancer patients receiving primary throm-
boprophylaxis as well as greater knowledge regarding the characteristics
associated with increased bleeding risk on primary thromboprophylaxis
will be very helpful in addressing this issue. For now, thankfully, the
evidence available to us regarding the risk of bleeding on prophy-
lactic dose direct oral Xa inhibitor for this indication in a selected
population of cancer patients is quite reassuring.

Third, the duration of primary thromboprophylaxis in ambulatory
cancer patients receiving chemotherapy has not yet been well de-
fined. In both the AVERT trial and the CASSINI trial, a follow-up
period of 6 months was chosen, which corresponds to the highest-
risk period for VTE postcancer diagnosis30 and generally coincides
with the length of many chemotherapy regimen. Therefore, after a
decision is made to initiate primary thromboprophylaxis, continu-
ation for a period of up to 6 months would be consistent with the
current available evidence while affording VTE risk reduction
during the period most at risk for VTE. The risk-benefit of primary
thromboprophylaxis, however, must be regularly reassessed during
the patient’s cancer journey to confirm the ongoing appropriateness
of this intervention. After 6 months of thromboprophylaxis, a cli-
nician may choose to continue using primary thromboprophylaxis
based on an individual patient’s risk assessment of VTE and bleeding,
but this decision would be based on the extrapolation of the data
presented here. It is important to note that the Khorana score was not

Figure 2. Algorithm for the treatment of cancer-associated VTE. *High risk factors for bleeding include thrombocytopenia (platelet count is,503 109/L),
renal dysfunction (creatinine clearance of 30-50 mL/min by the Cockcroft–Gault formula), liver dysfunction, presence of hemorrhagic lesion, recent major
hemorrhage, or use of antiplatelet agent. **Combined P-glycoprotein and strong cytochrome P450 3A4 inducers and inhibitors interact significantly with
rivaroxaban and apixaban. These combinations should be avoided. P-glycoprotein inducers should be avoided with edoxaban, whereas a reduced dose
(edoxaban 30mg once daily) should be usedwith concomitant P-glycoprotein inhibitors. §Based on the current published data, edoxaban and rivaroxaban
have the highest quality of evidence for use in CAT, although additional studies with apixaban are underway. Adapted from Carrier et al46 with permission.
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validated for the ongoing risk stratification of patients at this 6-month
postchemotherapy initiation period. Additional studies are necessary to
address this question.

Fourth, the usefulness of serial VTE screening imaging techniques in
the care of cancer patients is not well established. Evidence suggests
that the prognosis of incidental VTE is similar to that of symptomatic
VTE in cancer patients,31-35 which supports anticoagulation ther-
apy in proximal DVT or PE with high-burden thrombus (multiple
subsegmental PE or more).36 Still, the role of screening is less well
defined, and the decision regarding management of VTE identi-
fied by screening must be extrapolated from evidence regarding the
treatment of incidental PE. Additionally, it remains unclear whether
the strategy of serial screening is cost effective, despite the burden of
repeat imaging, and whether it alters the disease’s natural history in
a beneficial way. In a recent pilot study assessing the use of an
automated electronic medical record alert to identify patients at
high risk of VTE (Khorana score $3), a significant proportion of
patients (12.5%) was diagnosed with DVT from screening com-
pressive ultrasonography alone. In patients who were identified as
being at high risk for VTE but who did not undergo screening
compressive ultrasonography, 8.3% were diagnosed with a
symptomatic DVT, and 4.5% were diagnosed with a PE within
90 days of the alert.37 However, additional prospective studies
assessing the benefit of serial compressive ultrasonography in cancer

patients are necessary before this practice can be recommended in
clinical practice.

Fifth, the complexity of cancer care and the multiple expectations
put on cancer patients must be taken into consideration before re-
commending the implementation of another treatment strategy, such
as thromboprophylaxis. The difficulty of adding additional interventions
in the care of cancer patients was illustrated by the high rate of
premature discontinuation noted in the CASSINI trial and the
AVERT trial. One may argue that the administration of a direct oral
Xa inhibitor is more convenient than LMWH, and therefore, the
threshold to implement this intervention should be lower than be-
fore. It is important to note, however, that cancer patients receiving
treatment of CAT seem to be more concerned by the interactions
between the anticoagulants and their antineoplastic regimen than the
inconvenience of self-injection.38 Unlike LMWH, direct oral Xa
inhibitors have known interactions with combined P-glycoprotein
and strong cytochrome P450 3A4 inducers and inhibitors,39 medi-
cations that are commonly used in the care of cancer patients.
Therefore, despite the convenience of direct oral anticoagulants,
these medications bring forward a different set of challenges for
both patients and clinicians.

Sixth, it remains to be seen whether, in a setting of limited health
care resources (such as publicly funded health care systems) where
opportunity costs must be carefully evaluated before attributing

Table 5. Ongoing studies for the treatment of CAT in adult patients

Study Study design Intervention Status

Optimal Duration of Anticoagulation Therapy for Isolated
Distal Deep Vein Thrombosis in Patients with Cancer
Study (NCT03895502)

RCT Edoxaban for 3 vs 12 mo Not yet recruiting

Direct Oral Anticoagulants (DOACs) Versus LMWH 6
Warfarin for VTE in Cancer (CANVAS;
NCT02744092)

RCT DOAC vs LMWH 6 warfarin at therapeutic doses Recruiting

A Randomized Phase II Study to Compare the Safety
and Efficacy of Dalteparin Vs Rivaroxaban for Cancer-
Associated Venous Thromboembolism (PRIORITY;
NCT03139487)

RCT Rivaroxaban vs dalteparin, both at therapeutic doses Recruiting

Weight-Adjusted Dalteparin for Patients Over 90 kg with
Acute Cancer-Associated Venous Thromboembolism
(WAVe; NCT03297359)

Prospective
cohort

Therapeutic weight-adjusted dalteparin (up to 33 000
units daily) 3 1 mo

Recruiting

Rivaroxaban in the Treatment of Venous
Thromboembolism in Cancer Patients
(NCT02583191)

RCT Rivaroxaban vs LMWH, both at therapeutic doses Recruiting

Apixaban for the Treatment of Venous
Thromboembolism in Patients with Cancer
(CARAVAGGIO; NCT03045406)

RCT Apixaban vs dalteparin, both at therapeutic doses Recruiting

A Study of Dabigatran Etexilate as Primary Treatment of
Malignancy-Associated Venous Thromboembolism
(NCT03240120)

Prospective
cohort

Tinzaparin followed by dabigatran 150 mg twice daily Recruiting

DOAC: direct oral anticoagulant.

Table 6. Ongoing studies for the secondary prevention of CAT in adult patients

Study Study design Intervention Status

Apixaban in Preventing Secondary Cancer-Related Blood
Clots in Cancer Patients Who Have Completed
Anticoagulation Therapy (NCT03080883)

RCT Lower-dose apixaban vs higher-dose apixaban Recruiting

API-CAT STUDY for APIxaban Cancer-Associated
Thrombosis (API-CAT; NCT03692065)

RCT Apixaban 2.5 mg twice daily vs 5 mg twice daily Recruiting
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restricted funds to a certain intervention, the use of direct oral Xa
inhibitors in primary prevention of VTE in ambulatory cancer pa-
tients is a cost-effective initiative.

The CASSINI and AVERT trials provide reliable evidence for the
use of a dichotomized Khorana score (,2 or $2), which can
dependably identify ambulatory cancer patients receiving chemo-
therapy who may most benefit from primary thromboprophylaxis.
The use of prophylactic doses of apixaban and rivaroxaban is
effective at preventing VTE in this patient population. Overall, the
risk of major bleeding with this intervention is low in a selected
patient population. These findings should encourage clinicians to
assess an individual patient’s risk of thrombosis and bleeding
when initiating chemotherapy and consider the use of primary
thromboprophylaxis in patients with a Khorana score $2. On-
going studies regarding the use of primary thromboprophylaxis in
cancer patients are presented in Table 4. Finally, the results dis-
cussed here should inform future guideline recommendations re-
garding the use of primary thromboprophylaxis in higher-risk cancer
patients.

Back to clinical case 1
After ensuring that the patient is not actively bleeding or at un-
acceptably elevated risk for bleeding, discussing his preferences, and
confirming that there are no important interactions between direct
oral Xa inhibitors and the planned chemotherapy regimen (Figure 1),
the patient is started on a prophylactic direct oral Xa inhibitor for the
primary prevention of VTE. The use of primary thromboprophylaxis
is reassessed regularly during the treatment period. He successfully
completes chemotherapy without any thrombotic or major bleeding
complications.

Clinical case 2
A 66-year-old woman with locally advanced cervical cancer presents
to the emergency department with pleuritic chest pain and dyspnea
on exertion. She is not hypoxic, hypotensive, or tachycardic. She is
found to have bilateral pulmonary segmental and subsegmental
emboli on computed tomography angiography. Laboratory inves-
tigations reveal normal blood counts, coagulation parameters, renal
function, and hepatic function. She is not suffering from any
bleeding. She is currently being treated with cisplatin and concurrent
radiotherapy. She asks whether her CAT may be treated with an
oral medication.

New evidence in the treatment of
cancer-associated VTE
Clinical guidelines currently recommend the use of LMWH for the
treatment VTE in cancer patients.6,40,41 In this patient population,
LMWH compared with vitamin K antagonists has been shown to
produce a greater reduction in the risk of recurrent VTE, with a recent
meta-analysis reporting an RR of 0.58 (95% CI, 0.43-0.77).42 More
recently, studies have compared the use of direct oral Xa inhibitors
with LMWH in the treatment of CAT.

The HOKUSAI-VTE CANCER trial was a large, international,
open-label, noninferiority RCT comparing edoxaban with LMWH
for the treatment of VTE in cancer patients.43 The primary outcome
was a composite of recurrent VTE or major bleeding during the
12-month follow-up period. In the edoxaban group, 12.8% of
patients developed a recurrent VTE or major bleeding compared
with 13.5% in the LMWH group for an HR of 0.97 (95% CI, 0.70-
1.36; P value for noninferiority of .006). There were fewer episodes

of recurrent VTE in the edoxaban group (HR5 0.71; 95% CI, 0.48-
1.06; P value 5 .09) but more episodes of major bleeding (HR 5
1.77; 95% CI, 1.03-3.04; P value 5 .04). The imbalance in major
bleeding between the 2 groups was owing to an excess of upper
gastrointestinal bleeding complications, occurring mostly in gas-
trointestinal cancer patients.

The SELECT-D study was an open-label, multicenter, randomized
pilot study that compared rivaroxaban with LMWH for the treatment
of CAT.44 The study’s primary outcome was recurrence of VTE during a
6-month follow-up period. The cumulative incidence of VTE was 4%
(95% CI, 2%-9%) in the rivaroxaban group compared with 11% (95%
CI, 7%-16%) in the LMWH group (HR 5 0.43; 95% CI, 0.19-0.99).
The 6-month cumulative incidence of major bleeding was 6% (95%
CI, 3%-11%) in patients receiving rivaroxaban compared with 4%
(95%CI, 2%-8%) in those receiving LMWH (HR, 1.83; 95%CI, 0.68-
4.96). There was also a disproportionate number of bleeding events in
this trial, which were gastrointestinal or urologic in nature. As a pre-
cautionary measure, after an interim safety analysis, patients with
esophageal and gastroesophageal cancer were excluded from the study.

The results of the ADAM-VTE trial were presented at the American
Society of Hematology’s 60th Annual Meeting and Exposition.45

In this open-label RCT, cancer patients diagnosed with VTE were
randomized to apixaban or LMWH. No patient suffered a major
bleeding event in the apixaban arm compared with 2 patients
(1.4%) in the LMWH arm (P value5 .14). In the apixaban group,
1 patient (0.7%) was diagnosed with recurrent VTE, whereas
9 patients (6.3%) in the LMWH group experienced this complication
(P value 5 .03).

This recent body of evidence for the use of direct oral Xa inhibitors
in the management of VTE in cancer patients offers clinicians the
opportunity to tailor anticoagulation therapy based on their patient’s
values and needs. Although direct oral Xa inhibitors are a conve-
nient, effective, and generally safe alternative to LMWH for the
treatment of CAT, several factors (such as the presence of bleeding
risks, the type of cancer, and potential drug-drug interactions) must
be taken into consideration when choosing a particular therapy
(Figure 2). Ongoing studies on the acute treatment of CAT and
secondary thromboprophylaxis are described in Tables 5 and 6,
respectively.

Back to clinical case 2
After assessing the patient’s risk of bleeding and ensuring that there
are no drug-drug interactions between direct oral Xa inhibitors and
the patient’s chemotherapy regimen or supportive care, she begins a
5-day treatment with LMWH followed by edoxaban. This anti-
coagulation regimen is well tolerated, and the patient’s pleuritic chest
pain and dyspnea resolve.
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