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KEY MESSAGES

• Multiple factors affect the risk of thrombosis in cancer patients, with certain cancers associated 
with a higher risk 

• Low molecular weight heparin (LMWH) therapy in a cancer-associated thrombosis (CAT) 
patient still leaves a residual recurrent thromboembolism risk

• LMWH monotherapy (dalteparin), given as a daily injection for six months, is no longer 
considered standard of care for venous thromboembolism (VTE) risk reduction in all CAT 
patients, but is still used in those at high risk of bleeding

• Rivaroxaban and edoxaban, compared to dalteparin, are superior in reducing VTE recurrence 
rates in CAT, but at an increased risk of major bleeding

• International guidelines recommend rivaroxaban and edoxaban for patients with cancer and a 
diagnosis of acute VTE and at a low risk of bleeding, with no drug-drug interactions

• Selection of a therapeutic agent should be individualised to the circumstances of the particular 
patient.

Introduction
Thrombosis in the cancer patient is a complex, multifactorial issue. However, new data 

have led to a better understanding of the risks of thrombosis in these patients. Risk 

factors relate firstly to the patient’s own pre-existing thrombosis risk and secondly 

to the treatments given to patients with malignant disease, whether surgical or 

medical oncology interventions such as chemotherapy and biological therapies. In 

addition, factors associated with the tumour itself drive the hypercoagulable state 

and increase the risk of thromboembolic complications (Figure 1).1,2

The use of biomarkers, such as the haematological biomarker D-dimer and others, 

has contributed to a better understanding of the interaction between tumour 

biology and coagulation biology.
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What is the incidence of VTE after cancer diagnosis? 
The incidence of thrombosis complica-
tions varies by tumour type, and certain 
cancers have always been recognised as 
being associated with a higher risk for the 
development of thromboembolic compli-
cations. The prevalence of these cancers 
must also be considered. Certain tumour 

types are seen very frequently in the 
population, such as breast cancer, where 
although the risk of thrombosis is lower 
the overall burden of thrombosis is sub-
stantial because of the large number of 
patients suffering from this type of malig-
nant disease (Figure 2).3

Figure 1. Risk factors for developing VTE in patients with cancer1,2

Patient-related
• Medical comorbidities (CCI ≥3)
• Presence of varicose veins
• Prior VTE
• Hereditary risk factors (e.g. factor V Leiden)

Tumour-related
• Site of cancer

 – Very high risk: stomach, pancreas and brain
 – High risk: lung, haematological, 
gynaecological, renal and bladder

• Histological grade of a tumour
• Stage of cancer/metastases
• Time since cancer diagnosis

Treatment-related
• Platinum-based and other chemotherapy
• Anti-angiogenesis agents
• Hormonal therapy
• Surgery
• Radiotherapy
• Blood transfusion
• Central venous catheters
• Hospitalisation and immobility

Biomarkers
• Haematological biomarkers (e.g. platelet, 

haemoglobin and leukocyte counts)
• D-dimer
• P-selection
• Prothrombin fragment 1 + 2
• Thrombin generation potential
• Microparticle-tissue factor activity
• C-reactive protein, VEGF, MPV, etc.

CCI, Charlson Comorbidity Index; MPV, mean platelet volume; VEGF, vascular endothelial growth factor;  
VTE, venous thromboembolism

Figure 2. Incidence of VTE after cancer diagnosis3
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Since the early 2000s, research efforts 
focused mainly on establishing the 
LMWHs as the principal choice for the 
management of CAT. Two pivotal cancer 
trials, the CLOT4 and CATCH5 studies, 
compared extended-duration LMWH to 
a vitamin K antagonist (VKA) for the 
management of CAT. Both these studies 
demonstrated the superiority of extended 
parenteral therapy with LMWH over a 
VKA-based approach.

Despite this important advance of a 
50% reduction in the frequency of recur-
rent thrombosis in favour of LMWH, 
LMWH therapy in a CAT patient still 
leaves a residual thromboembolism risk. 
The poor acceptability of the lengthy 
duration of many months of LMWH 
injections encouraged the exploration of 
the value of direct oral anticoagulants, 
particularly the factor Xa inhibitors, as a 
therapeutic intervention in CAT.

From clinical trials to guidelines – 
putting evidence into clinical practice
Dr Alok A Khorana, Cleveland Clinic, USA

The CLOT trial of extended LMWH 
monotherapy established this approach 
as the standard therapy in cancer-related 
thrombosis in the early 2000s.

In this large randomised clinical trial, 
cancer patients with either acute deep 
vein thrombosis (DVT) or acute pulmo-
nary embolism (PE) were treated with 
either a VKA or the LMWH, dalteparin 
(Figure 3).4

There was a relative risk reduction of 
about 50% with dalteparin, and the 
number needed to treat to prevent one 
recurrent VTE was 13. The regimen of 
daily injections for six months became 
the standard of care in cancer patients, a 

unique approach when compared to non-
cancer patients. There is no other clinical 
setting where six months of a daily self-
injection is required to prevent recurrent 
VTE.

Figure 3. LMWH monotherapy established as standard in 20034

HR, hazard ratio; LMWH, low molecular weight herapin; NNT, number needed to treat; RR, risk ratio;  
VKA, vitamin K antagonist
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The evolving standard of care
At the Cleveland Clinic, the care of 
patients with CAT is centralised in a spe-
cialised clinic staffed by specialised nurses 
and nurse practitioners. The advantage 
is not only the ability to deliver specialist 
care, but also that data from the clinic can 
be used to quickly translate clinical expe-
rience into current best clinical practice 
based on the latest evidence.

The years 2014-2016 reflect a period 
when a new diagnosis of acute DVT or PE 
in cancer patients was always treated with 
LWMH monotherapy (Figure 4).6 At that 
time, about 50% of patients in the USA 
received LWMH monotherapy, but 94% 
of presenting patients started on LWMH 
monotherapy at the Cleveland Clinic.

Influence of new trials with NOACs: 2016–2018
Between 2016 and 2018, two large ran-
domised trials were published demon-
strating that there are better ways to treat 
CAT. SELECT-D, a large randomised 
trial of UK cancer patients with new DVT 
or PE, had patients receiving dalteparin or 
rivaroxaban from day one of diagnosis.7

Rivaroxaban, compared to dalteparin, 
was shown to be very successful in reduc-
ing VTE recurrence rates from 11% to 
4%. This is much better than with warfa-
rin, which used to be the standard therapy 
prior to the CLOT and CATCH trials 
(Figure 5).7

Figure 4. CAT clinical experience at Cleveland Clinic, 2014-20166 

Acute VTE
(N=51)

Enoxaparin, 94%
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(n=1)

Other: NOAC; 
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Bleeding 
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CAT, cancer-associated thrombosis; IVC, inferior vena cava; NOAC, non-vitamin K antagonist oral anticoagulant
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Figure 5. NOACs for the treatment of CAT: SELECT-D7

Results reported are 6-month cumulative event rates
SELECT-D: Prospective, randomised, open-label, multicentre phase III pilot study
Clinically relevant nonmajor bleeding rate was 4% for dalteparin and 13% for rivaroxaban  
(HR=3.76; 95% CI 1.63–8.69)
CAT, cancer-associated thrombosis; HR, hazard ratio; NOAC, non-vitamin K antagonist oral anticoagulant
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This increased efficacy did, however, come 
at a cost, with an increased risk of major 
bleeding - 4% in the dalteparin arm and 
6% in the rivaroxaban-treated patients.

In the Hokusai-VTE-Cancer Study,8 

published in the same period, cancer 
patients with a new diagnosis of DVT or 
PE were randomised to dalteparin ver-
sus edoxaban. It is relevant to note that 
edoxaban can’t be started on day one, 

because there is a LMWH lead-in, so 
heparin is used for a few days prior to the 
transition to edoxaban.

The results are very consistent between 
these two trials. Lower rates of recurrent 
VTE were obtained on edoxaban therapy, 
11.3% down to 7.9%, but with higher 
rates of major bleeding, 4% up to about 
6.9% (Figure 6).8

Major bleeding is an important issue in 
clinical practice. There is therefore a need 
to understand which patients can safely 
be prescribed a direct oral anticoagulant 
and which patients need a different agent 
better suited to them. The best under-
standing of this risk is seen in sub-group 
analyses of patients with different types 
of cancer; in patients with gastrointesti-
nal (GI) cancer there is a clear increase in 

major bleeding with edoxaban, while in 
patients with non-GI cancer there is no 
increased bleeding. “It is important clini-
cally to understand that cancer patients 
will bleed with or without anticoagula-
tion; a bleeding rate of zero is not usual,” 
Dr Khorana points out. The results of the 
SELECT-D trial also support this find-
ing, suggesting that most major bleeds are 
in current patients with GI cancers.

What do the guidelines say?
International Society on Thrombosis and Haemostasis (ISTH) guidance 
for treatment of cancer-associated VTE
Several guideline organisations have cor-
related the results of SELECT-D and the 
Hokusai-VTE-Cancer Study into updated 
guidelines, with the ISTH guidance state-
ment released very soon after the results of 
these two trials were published. This guid-
ance considers the excess risk of bleeding 
seen in some high-risk patients, but also 
takes into account the real improvement 
in reduced recurrent VTE observed con-
sistently in contemporary studies.

The ISTH guidance statement further 
recommends: ‘the use of NOACs is sug-
gested for patients with cancer and a diag-
nosis of acute VTE and at a low risk of 
bleeding with no drug-drug interactions.’ 
Many drug-drug interactions between 
NOACs and other systemic therapy 
non-cancer drugs do, in fact, exist, so 
the clinician needs to be mindful of this 
possibility. At the time this guidance was 
prepared, and even currently, edoxaban 

Figure 6. NOACs for the treatment of CAT: Hokusai-VTE-Cancer Study8

Results reported are number and percentage of events at 12 months. Hokusai-VTE-Cancer was a noninferiority 
trial. The primary outcome was a composite of rebleeding (HR=0.97; 95% CI 0.70–1.36)
CAT, cancer-associated thrombosis; HR, hazard ratio; NOAC, non-vitamin K antagonist oral anticoagulant; 
VTE, venous thromboembolism
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and rivaroxaban are the only NOACs 
with large randomised trial data and are 
therefore the only NOACs recommended 
in this setting.

LMWH remains an acceptable alter- 

native for many patients, and we need 
to keep patient preference and values in 
mind when determining which cancer 
patients should receive which agent.

ISTH guidance in patients at high bleeding risk
The clinician needs to carefully evaluate 
the patient’s bleeding risks. In patients at 
high risk, LMWH monotherapy is still 
advised (Table 1).9 There is data-driven 
consensus, from sub-group analyses and 

real-world evidence, as to who is at high 
risk but this is not yet used as a formal 
risk assessment tool, something that still 
needs to be developed in this population.

Table 1. ISTH guidance for treatment of cancer-associated VTE9

• LMWH is suggested for patients with cancer with an acute diagnosis of VTE and high risk of bleeding, 
including patients with luminal GI cancers with an intact primary, or those with GI mucosal abnormalities 
such as duodenal ulcers, gastritis, oesophagitis or colitis

• NOACs may be an acceptable alternative if no drug-drug interactions with current systemic therapy exist

Patients with GI cancers are at high risk, 
but not all GI cancers are included in this 
category. Patients with pancreatic can-
cer or biliary cancer do not have a much 
greater risk of bleeding than the non-GI 
cancer population.

Even within the GI cancer category, it 
is the upper GI gastric and oesophageal 
cancers that have a greater tendency to 
bleed. Other factors that need to be con-
sidered include mucosal abnormalities in 
the GI tract, duodenal ulcers, mucositis 
from chemotherapy and a prior history 
of GI bleeding. This should be taken into 
account when selecting an anticoagulant, 

and if  this leads to the clinical assessment 
of the patient as being at high risk, then a 
LMWH is preferred therapy.

Patient preferences and values always 
need to be considered. This is really 
important because 80-90% of patients 
will not experience a new blood clot and 
will not have a major bleed, even in the 
high-risk GI cancer population. Patients 
need to understand the risks associated 
with both NOACs and LMWHs. The cli-
nician can then assist in the decision as to 
which is the best agent for the individual 
patient, given their understanding of the 
risk of both bleeding and recurrent VTE. 

National Comprehensive Cancer Network (NCCN) guidelines
The NCCN guidelines are very widely 
used in the USA and globally. These rec-
ommendations are essentially the same 
as the ISTH guidance. Monotherapy, i.e. 
one agent for six months, can be used; or 
combination therapy, where treatment 
starts with one therapeutic agent and then 
there is a switch to another. 

The NCCN recommendations also 
emphasise individualised treatment. A 
therapeutic agent should be selected that 
is appropriate for the individual patient 
based on the risk of bleeding, but also 
based on other factors including renal 

function and the cost of the drug. In the 
USA and Europe, the cost to patients of 
LMWH monotherapy is quite high com-
pared to NOACs. All these different fac-
tors need to be taken into account, to 
individualise the decision for that particu-
lar patient.

The monotherapy options listed in the 
NCCN guidelines include LMWH mono-
therapy, rivaroxaban and other heparins 
(Table 2). There is currently insufficient 
data on apixaban, which is reserved for 
patients who refuse other therapies or 
can’t take everything else.
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We now have agents 
that in 90%-plus 
of patients will not 
cause a bleed and 
will not allow for a 
recurrent VTE

Table 2. NCCN guidelines10,11

Monotherapy options 

• LMWH (dalteparin or enoxaparin)

• Rivaroxaban

• Unfractionated heparin (UFH)

• Fondaparinux

• Apixaban* (for patients who refuse, or have 
compelling reasons to avoid LMWH)

Combination therapy options 

• LMWH or UFH with edoxaban**

• LMWH or UFH with warfarin

• LMWH or UFH with dabigatran*** (for patients 
who refuse, or have compelling reasons to 
avoid LMWH)

*Apixaban EU label – Special warnings and precautions 
for use: Efficacy and safety in the treatment of DVT, 
treatment of PE and prevention of recurrent DVT and 
PE (VTEt) in patients with active cancer have not been 
established11 

**Edoxaban EU label – Special warnings and 
precautions for use: Efficacy and safety in the treatment 
and/or prevention of VTE in patients with active cancer 
have not been established12

***Dabigatran EU label - Special warnings and 
precautions for use: Efficacy and safety have not been 
established for DVT/PE patients with active cancer 

The combination therapy options listed 
by the NCCN include LMWH transi-
tioning to edoxaban as was done in the 
Hokusai study; LMWH with warfarin 
is one of the oldest standards, although 
Dr Khorana does not recommend this; 
LMWH transitioning to dabigatran also 
carries a reserved use as there are no real 
cancer data from dabigatran trials.

Canadian Expert Consensus 
guideline
The recently released Canadian Expert 
Consensus guideline mirrors the other 
two guidelines in stating that LMWH 
monotherapy for all CAT patients for 
six months is no longer best practice. 
The emphasis is on evaluation of the 
patient’s risk for bleeding; in high risk 
cases LMWH therapy is advised, whereas 
a low risk for bleeding favours the use of 
a direct anticoagulant. Other factors still 
need to be considered before a final rec-
ommendation is made, including patient 
preference, cost issues, renal function, 
body weight and risk of thrombocytope-
nia. Dr Khorana warns, “Don’t just pick 
one therapeutic agent for everybody.”

What are the implications of these new guidelines? 
Clearly, NOACs are now an option for the 
treatment of cancer-associated VTE. This 
is a win-win for patients and for health 
care providers. We now have agents that 
in 90%-plus of patients will not cause a 

bleed and will prevent a recurrent VTE. 
That is a huge advance compared to the 
therapies of just 10 years ago that had a 
10-20% risk of recurrent VTE and a high 
risk of bleeding (Table 3).

Table 3. Implications of new guidelines

• NOACs are now clearly an option for treatment of cancer-associated VTE

• ‘One-size-fits-all approach’ (e.g. LMWH for everyone) is no longer appropriate

• Patient selection is key, incorporating bleeding risk/renal function/drug-drug interactions

• Patient preferences should always be taken into account

Standard practice at the Cleveland Clinic 
is to use rivaroxaban, but LMWH mono-
therapy is still preferred in patients at high 
risk of bleeding. The experience based 
on this approach is presented in Figure 
7. The data support the view that if  you 

carefully select and prescribe LMWH 
monotherapy to patients who are at 
high risk of bleeding, but use direct oral 
anticoagulants for patients who are not, 
the risk of recurrent VTE and of major 
bleeding are both reduced. 
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Real-world evidence with rivaroxaban
Evaluation of real-world data confirms 
that physicians are being selective about 
which patients, based on their bleeding 
risk, should be prescribed either LMWH 
or rivaroxaban. If  this risk is approached 
carefully and if  patients are involved in 

the decision-making, lower VTE recur-
rence rates and similar or lower major 
bleeding rates are possible. “This is cer-
tainly a huge advance for this field,” Dr 
Khorana stressed.

Conclusion
In terms of the treatment of CAT, there 
are now emerging data for the value of 
direct oral anticoagulants. These data 
are very reassuring with regard to their 

safety profile, tolerability and efficacy. 
Data from randomised trials, as well as 
real-world experience, support the use of 
NOACs with careful patient selection.
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