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ABSTRACT

Patients with cancer are at high risk of venous
thromboembolic events, and this risk can be further
increased in patients with certain cancer types and

by cancer treatments. Guidelines on the prevention

of cancer-associated thrombosis (CAT) recommend
thromboprophylaxis for hospitalised patients; however,
this is not routinely recommended for ambulatory patients
receiving chemotherapy and is limited to specified high-
risk patients. Identification of the ambulatory patients at
risk of CAT who would most benefit from anticoagulant
therapy is therefore critical to reduce the incidence of this
complication. For patients receiving thromboprophylaxis
for CAT, treatment options include low molecular weight
heparin, acetylsalicylic acid, warfarin or direct oral
anticoagulants (apixaban or rivaroxaban), dependent on
the cancer type and cancer treatment regimen. This review
discusses emerging clinical trial data and their potential
clinical impact.

INTRODUCTION AND BACKGROUND

Venous thromboembolism (VTE),
comprising deep vein thrombosis (DVT)
and pulmonary embolism (PE), is a common
complication of cancer and is termed as
cancer-associated thrombosis (CAT). The risk
of VTE is increased fourfold to sevenfold in
patients with cancer compared with those
without malignancy.! > However, the risk of
VTE in patients with cancer is variable and is
influenced by a range of factors, which can be
grouped into four broad categories: tumour
related (eg, type and stage of cancer), treat-
ment related (eg, anti-cancer therapy),
patient related (eg, patient age or history of
VTE) and biomarkers (eg, D-dimer levels).® A
detailed overview of factors within these cate-
gories is provided in table 1.*

Tumour-related VTE risk factors

Certain cancers are more strongly associated
with VTE than others. In a cohort study of
over 6500 patients with active cancer who
experienced a first episode of VTE, lung,
stomach, ovarian, pancreatic and brain
cancers were associated with higher incidence
rates of VTE (10.1-14.6 per 100 person-years)
than bladder, breast, prostate, haematolog-
ical, colon and uterine cancers (2.7-7.0 per

100 person-years).6 Furthermore, studies
have shown that even within cancer types,
variations can exist; for example, VIE rates
are particularly high in patients with glioblas-
toma versus astrocytoma.'” It is also impor-
tant to keep in mind that absolute numbers
of patients with low-risk cancer types and
venous thromboembolic events may be high
due to the high prevalence of those cancer
types, such as breast or prostate cancer.

Advanced cancer is associated with a
higher risk of VIE than localised or early
stage disease. One meta-analysis of patients
with breast, lung, colorectal, prostate, brain,
bone, pancreatic or haematological cancer
reported first VIE rates of 68 per 1000
person-years in high-risk patients (defined as
those with high-grade or metastatic disease,
and/or receiving anti-cancer treatments
considered to be high risk).!* In contrast,
those deemed to be at a lower level of risk had
first VIE rates of 13 per 1000 person-years.14
In the Vienna Cancer and Thrombosis Study
(CATS), 832 patients with solid tumours
were assessed for association between cancer
stage at diagnosis (local, regional or distant)
and VTE occurrence."” Regionally advanced
and distant cancers were found to be asso-
ciated with significantly higher rates of VTE
occurrence than localised cancers (regional:
HR 3.7, 95% CI 1.5 to 9.6; distant: HR 5.4,
95%CI 2.3 to 12.9)."" Furthermore, when
tumours were graded based on the American
Joint Committee on Cancer (AJCC) group-
level grading system (Gl=well differentiated;
G2=moderately differentiated; G3=poorly
differentiated; G4=undifferentiated) in the
same study, high-grade tumours (G3 and G4)
were associated with a significantly higher risk
of VTE than low-grade tumours (G1 and G2;
HR 2.0; 95% CI 1.1 to 3.5; p=0.015)."°

Cancer treatment-related VTE risk factors

Anti-neoplastic  therapies or supportive
care treatments (chemotherapy, anti-
angiogenic therapy, hormonal therapy and
erythropoiesis-stimulating agents (ESAs)) are
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Table 1

Examples of VTE risk factors in patients with cancer by risk factor group®'

Tumour-related factors

Treatment-related factors

Site of cancer (eg, lung, gastric, ovarian)
Histological stage (I-1V)
Cancer stage (localised, regional, distant)

Time since diagnosis

Cancer surgery

Anti-angiogenic agents (eg, thalidomide, lenalidomide)
Hormonal therapies (eg, tamoxifen)

Chemotherapy agents (eg, gemcitabine or platinum-based therapies)

Erythropoiesis-stimulating agents

Erythrocyte and platelet transfusions

Central venous catheters

Prolonged hospitalisation

Patient-related factors Biomarkers
Genetic factors (eg, hereditary thrombophilia)

Medical illnesses/comorbidities

Blood related (eg, levels of platelets, haemoglobin, leucocytes)

Platelet and clotting activation related (D-dimer, soluble P-selectin, prothrombin

fragment 1+2, thrombin generation)

Very high or very low body weight
Prior VTE

Varicose veins TF-MP*

Age and gender Podoplanint
CCL3
SVEGF

Clotting factor-related (eg, FVIIl, CRP)
NET formation (eg, citrullinated histone H3)

*Association between elevated TF-MP activity and future VTE has been observed only in patients with pancreatic cancer.

TAssociation between podoplanin expression and occurrence of VTE has been shown only in patients with brain cancer.

CCL3, chemokine (C-C motif) ligand 3; CRP, C reactive protein; FVIII, factor VIII; NET, neutrophil extracellular trap; sVEGF, soluble vascular endothelial
growth factor; TF-MP, tissue factor bearing microparticles; VTE, venous thromboembolism.

also thrombogenic and several of these agents have been
shown to be associated with an increased risk of VTE.*1718
A likely underlying mechanism is vascular damage.'? *
A US population-based study found that compared with
patients without cancer, chemotherapy in patients with
malignant neoplasms was associated with an OR of 6.5
(95% CI 2.1 to 20.2) for VTE, whereas those with malig-
nant neoplasms not receiving chemotherapy had an OR
of 4.1 (95% CI 1.9 to 8.5).%

Hormonal therapies can also increase VTE risk. Patients
with breast cancer given tamoxifen experienced higher
rates of VTE than those who did not receive hormonal
therapy (5-year risks of 1.2% and 0.5%, respectively).
The prothrombotic effect was predominantly in the first
2 years after initiating treatment (relative risk (RR) 3.5;
95%CI 2.1 to 6.0, compared with RR 1.5; 95% CI 0.88
to 2.5 after 2 years) and was more pronounced in older
women.” The risks associated with tamoxifen therapy
were further increased when used in combination with
chemotherapy. This was shown in a study of 705 post-
menopausal patients randomised to tamoxifen, or tamox-
ifen and chemotherapy, with VTE incidences of 1.4% and
10.8%, respectively.%

The thrombogenic properties of agents with anti-
angiogenic and immunomodulatory properties have
been demonstrated in several studies. Patients with newly
diagnosed multiple myeloma treated with thalidomide
monotherapy had a risk of VTE of 1.3 (95% CI 0.4 to 7.2)
per 100 patient-cycles.** This risk was amplified by coad-
ministration with the corticosteroid dexamethasone, with

a VTE risk of 4.1 (95% CI 2.8 to 5.9) per 100 patient-
cycles. Lenalidomide plus dexamethasone was associated
with a risk of VTE of 0.8 (95% CI 0.07 to 2.0) per 100
patient-cycles.”* Anti-angiogenic therapy in combination
with a cytotoxic agent also elevated the risk of developing
VTE in an analysis of European and North American
patients with advanced cancer treated in phase I studies.
Anti-angiogenic plus cytotoxic therapy was associated
with a VTE incidence of 8.9% compared with 3.5% in
patients treated with other regimens.” Similarly, patients
with multiple myeloma who received thalidomide and
doxorubicin have been shown to be at high risk of devel-
oping DVT.*

ESAs used to treat anaemia in patients with cancer
also increase the risk of VIE. A meta-analysis of over
12000 patients demonstrated that patients with cancer
who received ESAs had a higher risk of VIE than those
who did not (RR 1.75; 95% CI 1.50 to 2.05).* In addition,
the ESA-related risk of VIE was highest in patients with
ovarian and cervical cancers (RR 2.45; 95% CI1.12 to
5.33); patients with haematological malignancies were
at greater risk than those with solid tumours. Newer
targeted-therapy agents have also been associated with
risk of VIE in cancer, including anti-vascular epidermal
growth factor therapy, immunotherapy and cyclin-
dependent kinase inhibitors.*” %

In addition to medications for patients with cancer,
the risk of VIE is elevated in patients undergoing
major cancer surgical procedures. In a meta-analysis
of ~1.5million patients who had undergone oncologic
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surgery, the overall incidence of VTE was estimated to be
2.3% (95% CI 2.1% to 2.5%).* The risk of postoperative
VTE was highest in those with bone and soft tissue cancer
(10.6%; 95% CI 2.9% to 18.2%) and lung cancer (8.1%;
95% CI 3.7% to 12.6%).%

VITE risk factors in patients with cancer

Various patient-related factors increase VIE risk in cancer.
Recent data from the UK Clinical Practice Research Data-
link showed that elderly patients with cancer had the
highestincidence ofa firstvenous thromboembolic event.’
Furthermore, the point of highest VTE incidence differed
by sex, with the peak occurring during the sixth decade
for male patients and in the eighth decade for women.’
Prior VTE and family history of VTE have been associated
with an increased risk of VTE in multiple cancer types,” !
and several studies suggest a link between prothrombotic
genetic risk factors such as Factor V Leiden and cancer-
related VTE." ** Body weight also influences VTE risk
in patients with active cancer, with one US population-
based retrospective case—control study demonstrating an
increase in incident VIE in patients with active cancer
and low body mass index (BMI; <18.5 kg/mg, OR 1.9) or
high BMI (>85kg/m® OR 4.0) versus controls.”

Biomarkers and cancer-related VTE risk

Several biomarkers have been shown to correlate with
the occurrence of VIE in cancer. Parameters such as
increased leucocyte and platelet counts and decreased
haemoglobin have been shown to be good predictors of
VTE risk in patients with cancer.”* Additionally, associ-
ations between elevated concentrations of prothrombin
fragment 142, soluble P-selectin, clotting Factor VIII and
D-dimer and increased VIE occurrence in cancer have
been reported.’*

Despite the elevated risk of VI'E in patients with cancer,
thromboprophylaxis is not routinely administered to
those treated for cancer as outpatients. This narrative
review discusses existing guidelines and data on VTE
prevention in ambulatory cancer care, methods for iden-
tification of patients in this setting who could benefit from
thromboprophylaxis, and emerging data that provide
further insights into the safety and efficacy of thrombo-
prophylaxis for management of these patients.

GUIDELINES FOR THE PREVENTION OF CANCER-ASSOCIATED
THROMBOSIS IN AMBULATORY PATIENTS

A number of guidelines and guidance on the prevention
of CAT are available from major societies and organisa-
tions, such as the American Society of Clinical Oncology
(ASCO), the British Society for Haematology (BSH),
the European Society for Medical Oncology (ESMO),
the International Initiative on Thrombosis and Cancer
(ITAC), the International Society on Thrombosis and
Haemostasis (ISTH) and the National Comprehen-
sive Cancer Network (NCCN).*** These guidelines
provide recommendations on thromboprophylaxis in
different populations of patients with cancer including

hospitalised patients, ambulatory patients and those
undergoing surgery for cancer. However, they have not all
been updated to incorporate the latest clinical trial data
from recent trials investigating the prevention of CAT
with direct oral anticoagulants (DOAGCs).

Although thromboprophylaxis is widely recommended
for most hospitalised patients with cancer and in those
undergoing cancerrelated surgery, it is not routinely
recommended for ambulatory patients with cancer
receiving chemotherapy. This is despite most patients
with cancer receiving their treatment in the outpatient
setting. However, the guidelines state that thrombopro-
phylaxis may be considered for selected ambulatory
patients at intermediate-to-high risk of VTE.*™ Low
molecular weight heparin (LMWH) is generally the
agent recommended in patients with solid tumours
receiving chemotherapy. In those with multiple myeloma
receiving pomalidomide-based, thalidomide-based or
lenalidomide-based regimens with chemotherapy and/or
dexamethasone, the recommendation is either acetylsal-
icylic acid, LMWH or warfarin.”*™*** Most of the guide-
lines advise the use of the Khorana risk score to assess
VTE risk (the Khorana score is discussed in more detail in
the Identifying patients who would benefit from thrombo-
prophylaxis section).” ™ A newer class of anticoagulants,
the DOAGs (including apixaban, dabigatran, rivaroxaban
and edoxaban), were not considered suitable for use in
previous guidelines for CAT prevention in ambulatory
patients with cancer because the writing of most guide-
lines preceded the publication of recent randomised
trials. However, the recently updated ASCO, ISTH, NCCN
and ITAC guidelines now recommend thromboprophy-
laxis with apixaban, rivaroxaban or LMWH in selected
high-risk ambulatory patients with cancer and no signif-
icant risk factors for bleeding and no concerns regarding
drug—drug interactions.*' ™

STUDIES AND POTENTIAL LIMITATIONS OF
THROMBOPROPHYLAXIS IN AMBULATORY PATIENTS WITH
CANCER

Several phase IIb and phase III studies have explored
thromboprophylaxis with heparin derivatives versus
placebo in ambulatory patients with cancer. The study
populations included patients with a range of solid
tumour types (PROTECHT, SAVE-ONCO, TOPIC-1 and
TOPIC-2) or advanced pancreatic cancer (FRAGEM,
CONKO-004)."* The generally consistent observation
across these studies was that thromboprophylaxis with
various heparin derivatives significantly reduced VTE risk
versus placebo without a significant increase in the risk of
major bleeding.

The PROTECHT study investigated the thrombo-
prophylactic effect of nadroparin once daily (od)
versus placebo in patients with lung, gastrointestinal,
pancreatic, breast, ovarian, or head and neck cancers.”
Nadroparin significantly reduced the rate of the primary
composite endpoint of symptomatic venous or arterial
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thromboembolic events versus placebo (p=0.02), and a
lower rate of VIE was specifically observed in patients
receiving nadroparin versus placebo (1.4% and 2.9%,
respectively). SAVE-ONCO investigated semuloparin od
versus placebo in a similar population of patients with
metastatic or locally advanced solid tumours.*® A signifi-
cant reduction in the incidence of the primary endpoint
of VTE (composite of symptomatic DVT, non-fatal PE or
death related to VTE) was observed with LMWH (HR
0.36;95% CI 0.21 to 0.60; p<0.001) with an approximately
threefold reduction in the absolute event rate (1.2% and
3.4% in patients receiving LMWH or placebo, respec-
tively). Similar results were seen in trials with LMWH
in patients with breast cancer, non-small-cell lung carci-
noma and advanced pancreatic cancer. Table 2 provides
an overview of the key features of the patient populations,
study designs and main outcomes of these trials.***

As mentioned, VIE prophylaxis for all ambulatory
patients with cancer is currently not endorsed by guide-
lines. This is largely because of the low rates in patients
randomised to placebo, low absolute reduction in the risk
of VTE resulting in a high number of patients needed
to treat to avoid one VIE and an unclear benefit-risk
profile in unselected patients. There are also limita-
tions for thromboprophylaxis with LMWH associated
with prolonged use, such as reductions in bone mineral
density,” skin and allergic reactions,” liver transaminase
elevations,”® the inconvenience of repeated injections
and cost.

IDENTIFYING PATIENTS WHO WOULD BENEFIT FROM
THROMBOPROPHYLAXIS

Various methods and risk models have been proposed
for the identification of groups of patients with cancer
that would benefit most from VTE prophylaxis. These
risk models comprise various factors that influence their
predictive value: tumour size, location, stage, type, time
since cancer diagnosis and comorbidities. Examples of
these include the Khorana score, Vienna CATS score,
PROTECHT score, CONKO score (table 3)* 5760 and
COMPASS-CAT risk assessment model (table 4).%

The Khorana risk assessment score, which has been
validated in multiple settings and is recommended by
the guidelines,”™ identified five parameters associ-
ated with CAT: site of primary cancer; BMI 235kg/m2;
pre-chemotherapy leucocyte count >11x10°/L; pre-
chemotherapy platelet count >350x10”/L; and haemo-
globin <10g/dL or use of an ESA. Each parameter
present is assigned a score of 1 point, except for the site
of primary cancer: a score of 2 points is assigned for very
high-risk cancers (stomach and pancreas) and 1 point is
assigned for high-risk cancers (lung, lymphoma, gynae-
cological, bladder and testicular). A score of 0 indicates
that the patient is at low risk of VIE, a score of 1-2
indicates medium VTE risk and a score of =3 indicates
high risk (the maximum score is 6); these correspond to

symptomatic VTE risks of 0.3%-1.5%, 1.8%—4.8% and
6.7%-12.9%, respectively.62

The Vienna CATS, PROTECHT and CONKO scores
have been developed to improve the VTE risk discrimi-
nation capabilities of the Khorana score with additional
parameters such as biomarker measurements (eg, D-dimer
concentration) or type of chemotherapy (platinum-based
or gemcitabine-based chemotherapy), or removal and
replacement of existing variables (BMI for WHO perfor-
mance status). A recent prospective multinational cohort
analysis comparing the predictive performance of the
four scoring systems in patients with advanced cancer
who were receiving chemotherapy was conducted.” The
results suggest that the Vienna CATS and PROTECHT
scores might be more precise at distinguishing between
high-risk and low-risk patients, but require further refine-
ment and validation before they can be introduced into
clinical practice.”® This study, however, enrolled patients
up to several months after starting systemic therapy for
cancer, which can affect many variables included in most
risk tools, such as haemoglobin, leucocyte and platelet
counts.”

Recently, a clinical prediction model for CAT that
includes only the tumour site (the most important
component of the Khorana score) and the biomarker
D-dimer was developed and externally validated.” Unlike
the Khorana score, which stratified patients into low risk,
intermediate risk or high risk for VTE, this simplified
model uses a nomogram based on one clinical factor and
one biomarker, allowing for more precise and individu-
alised approach to VTE risk assessment.”® * Compared
with the other VTE risk scores, the clinical model showed
considerable improvement in the prediction of VIE in
ambulatory patients with solid cancers. The model also
benefits from a 6-month prediction window, which covers
the period this patient population is most likely to develop
VTE. This helps identify patients with a 10%—-15% risk of
developing VTE who may benefit from thromboprophy-
laxis and protects low-VITE-risk patients from unnecessary
bleeding complications. This clinical prediction model
is available as a paper-based nomogram (figure 1) and
is available as an online risk calculator (http://catscore.
meduniwien.ac.at).*

Coagulation and cancer are recognised as dynamic
processes which can be influenced by patientrelated
and treatment-related VTE risk factors that change over
time (table 1). One shortcoming of the currently avail-
able VTE prediction scores is that these are all based on a
single measurement at a baseline time point and do not
consider the fluctuating VTE risk throughout a patient’s
cancer journey.” ® A recent prospective cohort study
looked at whether dynamic predictions of VIE in patients
with cancer could be based on individual longitudinal
D-dimer trajectories. Results showed that D-dimer levels
increased before the onset of VTE but were unchanged
in patients with cancer who did not develop VTE. These
findings suggest that changes in D-dimer levels over time
may improve personalised prediction of CAT by providing
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Table 3 VTE risk scoring systems for patients with cancer®

Khorana Vienna CATS PROTECHT CONKO

score® score® score®® score®
Score name and year published (2008) (2010) (2012) (2013)
Parameter
Very high-risk tumours (pancreatic, gastric) 2 2 2 2
High-risk tumours (lung, gynaecological, lymphoma, bladder, testicular) 1 1 1 1
Pre-chemotherapy haemoglobin <10g/dL or use of an ESA 1 1 1 1
Pre-chemotherapy white blood cell count >11x10%/L 1 1 1 1
Pre-chemotherapy platelet count >350x10°%L 1 1 1 1
Body mass index >35kg/m? 1 1 1 =
D-dimer >1.44 pg/L - 1 - -
Soluble P-selectin >53.1 ng/L - 1 - -

Gemcitabine chemotherapy
Platinum-based chemotherapy
WHO performance status >2

|

| |
o

| |

- - - 1

Each number indicates the number of points assigned to each parameter if it is present; — indicates that the parameter is not part of the respective

scoring system.

CATS, Cancer and Thrombosis Study; ESA, erythropoiesis-stimulating agent; VTE, venous thromboembolism.

dynamic prognostic information on CAT beyond a single
D-dimer measurement in time.**

As an example of the practical application of VTE risk
scoring systems, the PHACS study applied the Khorana
score to study patients with cancer who were receiving
ambulatory care and were at high risk of VIE as deter-
mined by a Khorana score =3 (table 2).% Patients were
randomised to either LMWH (dalteparin) or no prophy-
lactic anticoagulation. However, the study was terminated
early owing to low enrolment numbers (117 patients
were enrolled). The analysis of the 98 patients who were

Table 4 Simplified COMPASS-CAT scoring system for
the prediction of VTE in ambulatory patients with common
cancers on anti-cancer therapy (2017)%"'

Parameter Score*

Cancer-related risk factors
Anti-hormonal therapyt
Time since cancer diagnosis <6 months

Central venous catheter use

N W b O

Advanced stage of cancer
Predisposing risk factors

CV risk factors (at least 2 of: personal history of PAD, 5
ischaemic stroke, CAD, hypertension, hyperlipidaemia,
diabetes or obesity)

Recent hospitalisation for acute medical illness 5
Personal history of VTE 1
Biomarkers

Platelet count >350x10%/L 2

*Low/intermediate risk: 0-6; high risk: >7.

TFor women with hormone receptor-positive breast cancer or on
anthracycline treatment.

CAD, coronary artery disease; CAT, cancer-associated thrombosis;
CV, cardiovascular; PAD, peripheral artery disease; VTE, venous
thromboembolism.

randomised showed a non-significant reduction in the
risk of VTE (12% of patients on dalteparin (n=6/50)
vs 21% of patients on observation (n=10/48); center-
stratified cause-specific HR 0.69, 95% CI 0.23 to 1.89,
p=0.28) and a significant increase in the risk of clinically
relevant bleeding (seven patients on dalteparin vs one
patient on observation; HR 7.02; 95% CI 1.24 to 131.6;
p=0.025). The investigators noted that the study was
underpowered due to the enrolment issues, but that it
provides some evidence of the usefulness of risk-based
approaches in identifying patients at high risk of VITE
and a rationale for using VTE risk evaluation in future
studies to combat the VIE burden associated with cancer
and its treatment. These findings were confirmed when
these data were pooled with results from the PROTECHT
and SAVE-ONCO studies (RR 0.41; 95% CI 0.22 to 0.78;
p=0.006),”" and in a meta-analysis of seven trials investi-
gating LMWH for thromboprophylaxis, when patients
with lung cancer were excluded from the analysis.””

In addition to the parameters in these risk evaluation
scoring systems, other variables may also help to iden-
tify patients with cancer at higher VTE risk. The recent
ONCOlogie et Chambres ImPlantables prospective
multicentre cohort study in France assessed VTE rates in
patients with cancer with implantable intravenous ports.”!
The catheterrelated risk factors for thrombosis differed
from non-catheter-related VTE.

DOACS AND CANCER-ASSOCIATED THROMBOSIS

DOAGs are currently approved for the treatment and
secondary prevention of VIE in a broad range of patients
based on the results of phase III studies.””"* DOACs offer
several advantages over traditional VTE therapies such as
LMWH and warfarin, including oral routes of adminis-
tration, simple dosing regimens, lack of requirements for
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Figure 1
with solid cancer.

initial parenteral injections (rivaroxaban and apixaban),
lack of need for routine monitoring and dose adjustment,
and the limited number of known drug-drug interac-
tions.

Prevention of cancer-associated thrombosis with DOACs
There may be a potential role for the DOAGs in the
prevention of CAT. Safety of apixaban (5, 10 or 20mg od)
versus placebo was assessed in a phase II pilot trial of 125
patients with metastatic cancer who were receiving chemo-
therapy.”* Apixaban was well tolerated and was also associ-
ated with a VTE incidence of 1.1% vs 13.8% with placebo.
However, any benefit of DOAGs in patients with cancer
must be balanced against the increased risk of bleeding in
some tumour types, which highlights the need to identify
whom of these patients would benefit most from throm-
boprophylaxis with DOACs. Two clinical trials of DOAGs
as thromboprophylaxis in ambulatory cancer populations
have been published recently (table 2).

CASSINI

The CASSINI study (NCT02555878) is part of the
CALLISTO programme and the results were published
in 2019.” CASSINI was a multinational, randomised,
placebo-controlled phase III superiority study comparing
the efficacy and safety of rivaroxaban with that of placebo
for primary prophylaxis of VTE in ambulatory adult partic-
ipants with various cancer types and a Khorana score =2,
who were scheduled for systemic cancer therapy.”® ® A
total of 841 patients with no evidence of DVT at screening
from over 180 treatment centres in North America and
Europe were randomised to rivaroxaban 10mg od or
placebo for up to 6 months. During the study, patients
had lower-extremity ultrasound scans every 8 weeks.
The VTE primary efficacy endpoint was the composite

6-month VTE risk (%)=1 00*(1 _(1 -0.021 37053)e(0.6709158xcancersite+0.2793001xlogz(D-dimer+1)))

Nomogram and equation for predicting the 6-month risk of venous thromboembolism (VTE) in ambulatory patients

of objectively confirmed symptomatic or asymptomatic
lower-extremity, proximal DVT; symptomatic upper-
extremity or distal DVT; symptomatic or incidental PE;
and VTE-related death, and the principal safety endpoint
was major bleeding. The intention-to-treat analysis up to
day 180 of the observation period comprised the primary
analysis population, and VTE or VTE-related death
occurred in 25 out of 420 patients (6.0%) in the rivarox-
aban group compared with 37 out of 421 patients (8.8%)
in the placebo group (HR 0.66; 95% CI 0.40 to 1.09;
p=0.10).” In the prespecified on-treatment analysis, VTE
or VIErelated death occurred in 11 out of 420 patients
(2.6%) in the rivaroxaban group compared with 27 out
of 421 (6.4%) in the placebo group (HR 0.40; 95% CI
0.20 to 0.80).” Total thromboembolic events, including
VTE, myocardial infarction, stroke and systemic embo-
lism, were also lower in patients treated with rivarox-
aban versus placebo, occurring in 29 out of 420 (6.9%)
and 49 out of 421 (11.6%) of patients, respectively (HR
0.57; 95% CI 0.36 to 0.90; p:O.()lé}c).76 Overall, 8 out of
405 patients (2.0%) and 4 out of 404 patients (1.0%) in
the rivaroxaban and placebo groups, respectively, had
a major bleeding event (HR 1.96; 95% CI 0.59 to 6.49;
p=0.26).” Non-major clinically relevant bleeding, adverse
events and all-cause mortality were also similar between
the rivaroxaban and the placebo groups.75

AVERT

AVERT (NCT02048865) was a randomised, placebo-
controlled phase III superiority trial that compared the
efficacy and safety of apixaban 2.5 mg two times per day
with that of placebo in patients receiving chemotherapy
who were at high risk of VIE based on a Khorana score
>9 537778 The study was conducted in 13 centres in Canada,
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with an enrolment of 574 patients. The VTE primary effi-
cacy outcome was the first episode of objectively docu-
mented symptomatic or incidental VIE during the first
6months after the initiation of apixaban or placebo.
Secondary safety outcomes included major bleeding, clin-
ically relevant non-major bleeding and overall survival.

Of the 574 patients randomised, 563 were included in
a modified intention-to-treat analysis. The most common
types of primary cancer in patients in AVERT were gynae-
cological (25.8%), lymphoma (25.3%) and pancreatic
(13.6%). VIE was observed in 12 out of 288 patients
(4.2%) who received apixaban and 28 out of 275 patients
(10.2%) in the placebo group (HR 0.41; 95% CI 0.26 to
0.65; p<0.001). During the on-treatment period, VIE
occurred in 3 out of 288 patients (1.0%) in the apixaban
group and 20 out of 275 patients (7.3%) in the placebo
group (HR 0.14; 95% CI 0.05 to 0.42). In the modified
intention-to-treat analysis, there were 10 (3.5%) major
bleeding events in the apixaban group and five (1.8%)
in the placebo group (HR 2.00; 95%CI 1.01 to 3.95;
p=0.046). However, during the on-treatment period,
major bleeding occurred in 6 out of 288 patients (2.1%)
in the apixaban group and in 3 out of 275 patients (1.1%)
in the placebo group (HR 1.89; 95% CI 0.39 to 9.24).”

The findings of CASSINI and AVERT are generally
consistent with the earlier SAVE-ONCO and PROTECHT
studies of LMWH in mixed cancer populations, which
used the on-treatment period for their primary endpoints.
However, although the risk reduction observed in
CASSINI during the on-treatment period was similar to
that in these LMWH studies, and a greater risk reduc-
tion was observed in AVERT versus SAVE-ONCO and
PROTECHT, the absolute risk reduction was twofold to
threefold higher in the DOAC studies (4% for CASSINI
and 6.3% for AVERT compared with 2.2% for SAVE-
ONCO and 1.9% for PROTECHT). The safety profile
of apixaban and rivaroxaban observed in these studies is
also likely to be reassuring to physicians, given the low
absolute rates of bleeding and similarity to the outcomes
in patients who received placebo. However, the differ-
ences in the study outcomes (ie, screening for and inclu-
sion of symptomatic and asymptomatic VIE in CASSINI
versus symptomatic events only in AVERT), study designs
and patient populations must be kept in mind when inter-
preting the data.” ™® Some key interstudy distinctions to
consider include: patients with primary brain cancer or
cerebral metastases were excluded from CASSINI but not
AVERT; CASSINI also excluded patients with DVT, and all
patients were required to undergo a baseline screening
ultrasound prior to randomisation to select out indi-
viduals with existing thrombosis; results of the AVERT
study were based on modified intention-to-treat analysis,
including only patients who received at least one dose of
study drug.”® ** "7 Overall, direct comparisons between
AVERT and CASSINI should not be made.

Both CASSINI and AVERT have the potential to support
the use of the DOACGs in thromboprophylaxis in selected
patients with cancer at increased risk of VTE.® 7 %

Although both studies incorporated the Khorana score to
identify patients at high VTE risk, they used a lower cut-off
score (>2) than in the original validation study (=3).%*%
This lower cut-oft score was chosen independently by the
CASSINI and AVERT trial investigators based on prospec-
tive findings from the 2010 Vienna study, which showed
that the 6-month cumulative incidence of VIE in patients
with a Khorana score of 2 was nearly 10%, and this was
deemed high enough to require thromboprophylaxis.”’
Consequently, the latest ASCO clinical guidelines for the
treatment of CAT use this trial-specific Khorana score
cut-off of 22to define patients with cancer at high risk of
VTE.* The reduced burden associated with the DOACs
has the potential to have a substantial positive impact
on the daily care of patients with cancer, especially given
the limitations around long-term use of LMWH. Interna-
tionai1 ggidance has been updated to incorporate these
data.” ™

CONCLUSIONS

Cancer is associated with a substantial risk of VTE, and
the level of risk is affected by a range of factors including
the type and stage of cancer, cancer treatment approach,
and the individual patient’s demographic and clinical
characteristics. Current guidelines do not recommend
routine thromboprophylaxis in all ambulatory patients
with cancer, but do advise considering anticoagula-
tion in selected ambulatory patients with cancer and an
intermediate-to-high-risk of VIE. For patients who are
eligible, LMWH and more recently the DOACs apixaban
and rivaroxaban (based on the AVERT and CASSINI trials,
respectively) are the recommended options in recently
updated guidelines, whereas LMWH, acetylsalicylic acid
or warfarin are advised in certain patients with myeloma.
Further subgroup and exploratory analyses of the DOAC
trials as well as continued refinement of risk-stratification
methods may further improve the identification of outpa-
tients at a high risk of VIE that may benefit from throm-
boprophylaxis. How these developments impact future
clinical practice will be of interest to a variety of physi-
cians involved in management of patients with cancer in
an ambulatory care setting.
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