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Venous thromboembolism treatment in patients with cancer:
reflections on an evolving landscape
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ABSTRACT

Cancer is a leading cause of morbidity and mortality worldwide. It is also one of the strongest risk factors for venous thromboem-
bolism (VTE), reported in approximately 20% of all cases of VTE diagnosed. The thrombotic effect of cancer and its treatments, however,
is highly variable among patients and changes over the course of their cancer. Anticoagulant therapy remains the cornerstone of VTE
treatment, but it is associated with a substantial rate of VTE recurrence and the potential for serious bleeding. The risk of bleeding in
patients with cancer is also dependent on the cancer type and its treatments, often revealing underlying tumor invasion of mucosal or
parenchymal tissues, and treatment complications such as thrombocytopenia or coagulopathy. Over the past few decades, efforts to im-
prove the efficacy and safety of anticoagulant therapy for the treatment and prevention of cancer-associated thromboembolism have re-
sulted in changes in the standard of practice. This evolution has been made possible largely through the development of new
anticoagulants. This review will reflect on the major advances in the treatment of cancer-associated thrombosis and offer insights on
how to address unmet needs in this field.
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Introduction

Cancer is a leading cause of morbidity and death worldwide.
In 2020, over 19 million new cases of cancer were diagnosed
globally, and the annual incidence is continuing to climb.! Among
these patients, just over 5 million were diagnosed with cancers of
the pancreas, liver/biliary, lung, ovary, or stomach. These 5 tumor
types are associated with the highest risks of venous thromboem-
bolism (VTE) with incidence rates ranging from 66.4 to 156.0 per
1000-person years within the first 6 months after the cancer diag-
nosis.>* However, because breast, lung, colorectal, and prostate
cancers are the most commonly diagnosed cancers worldwide,
they are the most prevalent cancers in patients diagnosed with
cancer-associated thrombosis despite the relatively lower risk of
thrombosis for breast and prostate (Figure 1).2 The incidence of
cancer-associated thrombosis is rising over time and it is associ-
ated with an increased mortality for all tumor types.® In addition
to the tumor type, the extent of the cancer (e.g., metastatic versus
localized) and the prescribed systemic therapies (e.g., surgery,
chemotherapy, immunotherapy) contribute to each individual’s
risk of thrombosis.® Patient-specific factors, such as age, sex,
race/ethnicity, and the presence of other prothrombotic conditions
also influence the overall risk of thrombosis. The risk of bleeding
in patients with cancer is also dependent on some of the same fac-
tors as thrombosis, along with a history of bleeding, chronic kid-
ney disease, and use of antiplatelet agents.® Consequently,
providing optimal patient-centered care for the treatment of can-
cer-associated thrombosis requires balancing a multitude of fac-
tors, including patient values and preferences, all of which can
also change over time. Furthermore, managing patients with can-
cer-associated thrombosis has become more complex over the past
two decades because of the rapidly changing landscape of cancer
therapeutics, prolonged survival of patients with advanced dis-
ease, and the availability of more anticoagulant options with vari-
able costs, convenience and accessibility.
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Before the 1990s: heparin and vitamin K
antagonists

Heparin and vitamin K antagonists (VKAs) were the only
available anticoagulants for over half a century.” Heparin was
discovered in 1916 and came into clinical use in the 1930s. The
first randomized trial demonstrating the efficacy of anticoagulant
therapy with unfractionated heparin in patients with pulmonary
embolism was published in 1960.% Dicoumarol, a VKA no
longer in use, was introduced for clinical use in the 1950s, and
other VK As, such as warfarin, remained the only long-term oral
anticoagulant option for the next 5 decades. Although heparin
and VKAs are cumbersome to use because of the requirement
for laboratory monitoring and dose adjustments to achieve blood
levels within a narrow therapeutic range, they remain in common
use today for managing venous and arterial thrombosis. In fact,
unfractionated heparin is still the drug of choice for coronary
bypass surgery and critically ill or unstable patients with acute
thrombotic events, while VKA is the drug of choice for throm-
bosis prevention in mechanical heart valves and antiphospho-
lipid syndrome. Their ‘reign’ is expected to continue given their
established efficacy in these settings, their low cost, and their
rapid reversibility.

Between the 1970s and early 2000s, VTE treatment with he-
parin followed by warfarin was the standard of care for all pa-
tients, regardless of their cancer status.”'® It was recognized that
outcomes were worse in patients with cancer, with higher rates
of recurrent thrombosis, major bleeding and mortality. But with-
out other anticoagulant options, cancer patients were sometimes
treated with warfarin at a higher intensity which often resulted
in more bleeding and worse outcomes.’!!
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1990s: low molecular weight heparin
is the new standard of care

To overcome the unpredictable pharmacodynamics of unfrac-
tionated heparin, low-molecular-weight heparin (LMWH) was de-
veloped in the 1990s.” Numerous randomized trials directly
compared these agents for the initial treatment of acute VTE and
meta-analyses of these studies demonstrated subcutaneous,
weight-based dosing of various LMWHs is superior to intra-
venous heparin in reducing recurrent thrombosis and major bleed-
ing.”? LMWH also allowed outpatient treatment and thus
revolutionized acute care delivery in VTE. But the need to use
warfarin for long-term treatment and secondary prevention (be-
cause no other oral agents were available) remained unsatisfac-
tory. This was particularly challenging in patients with cancer, in
whom the time-in-therapeutic range for the INR was suboptimal
because of drug-drug interactions, poor nutrition, and gastroin-
testinal toxicity.>!° The requirement for venipunctures is especially
traumatic to patients with difficult venous access after multiple
rounds of chemotherapy. This prompted the investigation of using
LMWH for initial and long-term treatment, instead of transition-
ing to warfarin. Following the publication of the CLOT trial and
several other randomized trials, all major clinical practice guide-
lines endorsed using LMWH over VKA as first-line treatment for
cancer-associated thrombosis."

Meta-analyses showed LMWH offered a risk reduction of
53% in symptomatic recurrent thrombosis without increasing the
risk of major bleeding compared with VKA." However, the lack
of survival benefits, the unpleasantness of daily injections and the
high cost of LMWH are major barriers in implementing the
change in practice and maintaining adherence.' Worldwide, VKA
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Figure 1. The burden of cancer and thrombosis in patients with cancer. This figures summaries the estimated number of new cases of
cancer for major types of cancer reported globally in 2020 and the incidence rate of thrombosis per 1000-person years in the first 6

months after cancer diagnosis.'#
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therapy remains a commonly used anticoagulant, especially in
those with limited government reimbursement or insurance cov-
erage, living in low-income areas, and in patients who are unable
to inject.'®18

Early 2000s: specific factor inhibition with
fondaparinux and direct thrombin inhibitor

Development of fondaparinux in 1997 delivered the proof of
concept that selective inhibition of activated factor X (FXa) alone
was effective and safe in treating acute VTE.” Fondaparinux was
the first synthetic, small molecule parenteral anticoagulant that
can be given at a fixed dose as a once-daily subcutaneous injec-
tion. Clinical trials demonstrated that fondaparinux was compa-
rable to LMWH in efficacy and safety but a subgroup, post-hoc
analysis of patients with cancer in the Matisse-DVT trial sug-
gested that fondaparinux was less efficacious than LMWH in this
population.' Further studies were not done to verify this finding
and the lack of any practical advantage (in terms of cost and route
of administration) over LMWH likely made fondaparinux a less
attractive alternative to LMWH. Further development of small
molecules that were selective and potent inhibitors of FXa or
thrombin followed.” Dabigatran became the first direct oral anti-
coagulant (DOAC) that showed efficacy and safety compared
with VKA for the acute and long-term treatment for VTE. Al-
though a lead-in period of 5 days of LMWH prior to dabigatran
use is required, the convenience of this direct thrombin inhibitor
with a fixed, twice-daily dosing regimen and far fewer drug and
food interactions compared with warfarin was obvious. A sub-
group, post-hoc analysis also suggested that dabigatran could be
potentially useful in patients with cancer and thrombosis.?’ How-
ever, dabigatran has not been compared directly with LMWH and
it is not recommended for use in this setting by most clinical prac-
tice guidelines.?'*?

2010s: direct oral anticoagulant
in cancer-associated thrombosis

On the heels of dabigatran, randomized trials of oral FXa in-
hibitors in VTE treatment were published between 2010 and
2013.23 All were of similar design and showed that each DOAC
was non-inferior to standard treatment with heparin/LMWH fol-
lowed by VKA in reducing recurrent thrombosis. The risks of
major and clinically relevant non-major bleeding were also similar
between DOAC and VKA. About 6% of patients in these studies
had active cancer or a history of cancer and the subgroup analyses
of these highly selected patients with cancer suggested DOAC is
comparable with warfarin.?* However, it was evident that the can-
cer patient populations enrolled in DOAC vs. VKA trials were
healthier than those in LMWH vs. VKA trials, as the rates of re-
current VTE, bleeding and mortality were lower in DOAC trials.?*
Network meta-analyses of these early trials suggested that DOAC
would be comparable to warfarin and also LMWH for treatment
of cancer-associated thrombosis.?

Cancer-associated thrombosis treatment studies comparing
DOAC directly with LMWH soon followed.?® The first random-
ized trial (Hokusai VTE Cancer) studying edoxaban was pub-
lished in 2018 and the largest trial (Caravaggio) evaluating

apixaban was reported in 2020. Smaller studies (SELECT-D and
CASTA-DIVA) described the outcomes for rivaroxaban. Some
studies excluded certain types of cancer, such as primary brain
cancers, and all studies excluded patients with a high risk of bleed-
ing, hepatic impairment or severe renal dysfunction, or poor per-
formance status (Eastern Cooperative Oncology Group 3-4).2¢
They demonstrated that DOAC is non-inferior to LMWH in effi-
cacy but varied in the relative risk of clinically relevant bleeding.
A meta-analysis combining the results of all randomized con-
trolled trials demonstrated that DOAC, compared with LMWH,
is associated with a significantly lower risk of recurrent VTE [rel-
ative risk (RR), 0.67 (95% CI, 0.52-0.84)], a non-significant in-
creased risk of major bleeding [RR, 1.17 (95% CI, 0.82-1.67)],
and a significant increase in clinically relevant non-major bleeding
[RR, 1.66 (95% CI, 1.31-2.09)].” The higher rates of bleeding
were largely driven by gastrointestinal bleeding, occurring mostly
in patients with gastrointestinal cancers and particularly in those
with unresected luminal tumors.??* Other sites of clinically rele-
vant bleeding included hematuria, abnormal uterine bleeding or
epistaxis. Although real-world data have also emerged to suggest
that DOACs may carry different bleeding risks, head-to-head
comparisons are needed to verify these observations given the sig-
nificant heterogeneity of the patient populations. Other clinically
important differences among DOACs include mechanisms of
drug-drug interactions, oral bioavailability and sites of gastroin-
testinal absorption.?'2226

The totality of evidence and major clinical practice guidelines
to date indicate that direct oral FXa inhibitors (apixaban, edoxaban
and rivaroxaban), LMWH and warfarin all have important roles
and limitations in the treatment of cancer-associated thrombo-
sis.?12226 The complexity of this patient population demands in-
dividualized therapy that cannot be met with any single class of
these anticoagulants. For example, many clinical scenarios asso-
ciated with a higher risk of bleeding lack high-quality evidence
to guide management.?*** Up to 13% of cancer patients on anti-
coagulant therapy experience major bleeding, with a case-fatality
rate of 8.9% in patients with cancer.®!

2020s: factor XI inhibition is the new frontier

To reduce the risk of anticoagulant-related bleeding, new tar-
gets in the coagulation cascade are being examined. The most
promising of these is factor XI (FXI) in the contact pathway.*?
Based on epidemiology data, observational studies and animal
models, selective inhibition FXI could be effective in reducing
thrombosis without interfering with hemostasis.*>33 Inhibition of
the contact pathway might also offer improved efficacy in man-
agement of thrombosis associated with foreign materials in med-
ical devices such as central venous catheters and mechanical heart
valves. Currently, this upstream blockade approach is being in-
vestigated in clinical trials for stroke prevention in atrial fibrilla-
tion, treatment of acute coronary syndrome, thromboprophylaxis
in total joint arthroplasty, and cancer-associated thrombosis.

Abelacimab, a human IgG1 monoclonal antibody that binds
to FXI and blocks its activation by activated FXII or thrombin, is
the first FXI inhibitor being evaluated for treatment of cancer-as-
sociated thrombosis. Two complementary phase 3 randomized tri-
als are currently enrolling patients with active cancer and VTE.
The ASTER trial (NCT05171049) is comparing abelacimab with
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apixaban in patients who are eligible for DOAC therapy, while
the MAGNOLIA trial (NCT051171075) is comparing abelacimab
with LMWH in patients with gastrointestinal or genitourinary can-
cers. Potential drawbacks of abelacimab are that it has a half-life
of about 20 days, and it is a parenteral agent. But some argue that
once-monthly subcutaneous injection could improve persistence
and adherence with therapy over the long term if administration
is timed with regular oncology visits. Abelacimab also does not
rely on gastrointestinal absorption or renal or hepatic clearance,
which are barriers for DOAC use in some patients. But unlike
DOACs which are short-acting and have rapid reversal agents
available, abelacimab has a prolonged anticoagulant effect and
there are no proven methods for controlling serious bleeding.?*
Shorter-acting, small molecules that block the active site of FXIa,
such as asundexian and milvexian, are also under investigation in
a number of cardiovascular settings, but studies of these oral
agents in cancer-associated thrombosis are not yet available.*

Unmet clinical needs: more work ahead

Without a doubt, the effectiveness, convenience and lower
cost of DOACs have made treatment of cancer-associated throm-
bosis more accessible and acceptable for many patients. Still, there
are many areas where DOAC and other anticoagulants fall short
in the treatment of thrombosis in these complex and heteroge-
neous patients.?3

Anticoagulant-related bleeding poses one of the biggest chal-
lenges and fears in treating patients with cancer-associated throm-
bosis. FXI inhibition might improve the risk-benefit profile but
there may be other ways to reduce bleeding. For example, avoid-
ing unnecessary invasive procedures and paying closer attention
to renal and hepatic function will help to reduce iatrogenic in-
stances of bleeding, and primary prophylaxis with proton pump
inhibition might reduce upper gastrointestinal bleeding.®® Using
non-anticoagulant agents that target pathways (e.g., complement
system) that can activate coagulation or the vascular endothelium
is also worthy of investigation.’*# Also, as we learn more about
cancer-specific mechanisms of thrombosis, targeting the molec-
ular pathways involved might offer even more precise therapy.*

Patients with unusual site thrombosis (e.g., splanchnic vein
thrombosis), primary brain cancer, untreated intracranial metas-
tasis, severe thrombocytopenia, and shorter life expectancy are
routinely excluded from clinical trials participation. Yet, these pa-
tients might experience the most harm when it comes to antico-
agulant therapy.***! Reluctantly, clinicians extrapolate findings
from clinical trials and often rely on retrospective analyses from
administrative data sets. Results from such rea/ world studies are
often outdated and contain inherent biases (e.g., confounding by
indication). More organized and collaborative research efforts are
needed to provide higher-quality evidence to manage these vul-
nerable patients.

Another area where data are lacking is in the management of
refractory or ‘breakthrough’ thrombosis, when patients develop
recurrent thrombosis despite being on therapeutic anticoagulation.
This is a common outcome and yet little therapeutic advancement
has been made over the past decades. The best available evidence
remains small, retrospective studies and registries that reported
dose escalation of LMWH can be effective and appears safe.*
Applying the same principle by using higher doses of DOAC has

not been studied and carries a heightened concern for bleeding.
Importantly, drug-drug interaction, reduced gastrointestinal ab-
sorption and poor treatment adherence should be excluded as po-
tential causes of refractory thrombosis before concluding there is
true treatment failure.?64?

Optimal duration and dosing for extended anticoagulation, an
issue that is encountered in all patients, remains inadequately ad-
dressed in cancer-associated thrombosis.*> One randomized trial
has shown that treatment of cancer patients with isolated distal
DVT with edoxaban for 12 months reduced symptomatic recur-
rent VTE or VTE-related death compared with 3 months.** An on-
going randomized trial (APICAT NCT03692065) is comparing
standard- with low-dose apixaban for secondary prevention after
6 months or more of full-dose anticoagulation.** Guideline rec-
ommendations to continue anticoagulant therapy beyond 6
months in patients with active cancer, metastatic disease or who
are receiving anticancer therapy are largely based on expert ex-
perience. This seems reasonable when the risk of recurrent throm-
bosis remains at 5-15% even after the first 6 months of
anticoagulant therapy, but information on thrombosis and bleeding
beyond the first year of the thrombotic event is scarce.>*4¢ Nev-
ertheless, we do recognize now that the risk-benefit balance might
be tipped towards avoiding anticoagulant therapy in patients in
the palliative phase of their cancer.* It is also important to note
that advancements in cancer care have further complicated this
decision process as an increasing number of cancer patients enjoy
extended survival. For example, as maintenance therapy becomes
the standard of care for a multitude of malignancies (e.g., im-
munomodulatory therapy for myeloma, check-point inhibitors in
non-small cell lung cancer), identifying when it is safe to stop an-
ticoagulant therapy for patients with metastatic cancer will have
a substantial impact. Biomarkers and risk assessment models
might play an important role in risk prediction in this setting.*>%

Targeting tumor growth might be an essential strategy to
manage cancer-associated thrombosis.*” Experimental data in
the 1950s first offered plausible mechanisms of anticancer ef-
fects for anticoagulants and this hypothesis was then tested in
an observational study in 1964, which reported a beneficial ef-
fect of VKA on mortality in patients with cancer.® Almost 20
years later, this field of research was ignited when a randomized
trial in 1981 showed that warfarin was associated with signifi-
cant improvement in overall survival in patients with small-cell
lung cancer.’’ However, enthusiasm dimmed when subsequent
studies in other types of cancer provided negative results.”> Over
the past 20 years, a similar cycle of research studying heparins
and LMWH followed, with preclinical studies continuing to pro-
vide evidence that anticoagulants, particularly LMWH, may
have antitumor effects (e.g., antiangiogenesis) while clinical
studies in different settings (e.g., tumor type and stage) produced
provocative but inconsistent results on cancer patient sur-
vival.?* Now, 60 years later, we are circling back to the hy-
pothesis that warfarin, compared with LMWH or DOAC, is
associated with a survival benefit in cancer patients.> Since none
of the randomized controlled trials comparing warfarin with
LMWH or DOAC demonstrated any difference in 6-month sur-
vival, these recent observations from administrative databases
might reflect confounding by indication from the selection of
patients with better prognosis to receive warfarin. It remains un-
certain if anticoagulant therapy has any meaningful antitumor
effects, and if present, in what specific clinical scenarios.

Bleeding, Thrombosis and Vascular Biology 2024; 3(s1):111



Venous thromboembolism treatment in patients with cancer: reflections on an evolving landscape 7

Finally, patient quality of life of and racial, ethnic and social
disparities have not been well studied in cancer-associated
thrombosis.**” Evidence available indicates that thrombosis is
a dramatically adverse event that is under estimated by the med-
ical community and vulnerable populations might be affected
more negatively.’”* While the incidence of thrombosis varies
among Blacks, Whites and Asians, the bulk of published litera-
ture on epidemiology, prevention and treatment are largely de-
rived from White populations and from higher-income
nations.>®¢ Across many parts of the world, the anticoagulant
choices made may be less dependent on science and more dic-
tated by practical issues such as accesibility.'¢-186

Conclusions

Major achievements have been made in the management of
cancer-associated thrombosis over the past decades. The avail-
ability of more anticoagulant options and a better appreciation of
patient preferences and values have changed clinical practice. Fur-
ther improvements will require novel approaches, such as inhibit-
ing coagulation without disturbing hemostasis, adopting
innovative research methodologies, embracing risk in challenging
clinical settings, and broadening research collaboration around
the globe. We must also pay more attention to equity, inclusion
and diversity; so that as we march forward to break new ground,
we must also look back, look outside the box, and look beyond
the usual suspects.
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