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ABSTRACT

Cancer-associated venous thromboembolism (CAT) is a common complication associated
with high morbidity and mortality. In accordance with major clinical trials comparing
low-molecular-weight heparin (LMWH) with a vitamin K antagonist (VKA), LMWH is
currently the standard treatment for CAT, owing to its efficacy for thrombosis recurrence and
improved safety profile compared to VKA. Over the past few years, direct oral anticoagulants
(DOACS) have emerged as potential alternative therapies to LMWH due to their convenient
route of administration and predictable pharmacokinetics, but evidence for their use in

CAT is inconclusive, as only a small fraction of the study populations in these trials had

CAT. Recently, two large head-to-head trials comparing DOACs to LMWH in CAT patients
reported comparable efficacies of DOACs with increased bleeding risk. Occasionally, CAT
treatment can be challenging due to the heterogeneity of underlying malignancies and
comorbidities. Renal insufficiency and gastrointestinal defects are the main obstacles in
anticoagulant selection. Careful choice of treatment candidates and proper anticoagulant
strategies are critical for the treatment of CAT; hence, more studies are required to address
these challenges.

Keywords: Cancer-associated Venous Thromboembolism; Low-Molecular-Weight Heparin;
Direct Oral Anticoagulants

INTRODUCTION

Since Trousseau reported migratory thrombophlebitis in a cancer patient in the 1800s,
physicians have known that the incidence of thrombosis is significantly higher in patients
with cancer. Cancer-associated venous thromboembolism (CAT) occurs in a number

of different clinical situations. Cancer and thrombosis share diverse risk factors, and

the thrombogenic potential of cancer cells themselves induces the activation of direct
procoagulant properties and tissue factor-mediated coagulation.1 CAT is associated with
poor outcomes and increased mortality in cancer patients and is the second leading cause
of death in cancer patients.24 Frequently, both CAT and complications from its treatment
significantly interrupt active cancer therapy. Therefore, proper treatment and careful follow-
up are required for patients with CAT.
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The incidence of CAT varies from study to study. CAT was found to account for about 20% of
newly diagnosed venous thromboembolisms (VTEs) in a large population-based investigation.>
Many studies report that cancer patients have a four- to seven-fold higher relative risk of
thrombosis than those without cancer.® According to the most recent report from the Vienna
Cancer and Thrombosis Study observational cohort, the incidence of CAT in cancer patients
was 7.4% during the median 19 months of observation.” In a study utilizing the Computerized
Registry of Patients with Venous Thromboembolism database, 4.3% of patients who were
diagnosed with an unprovoked VTE developed cancer during the 24 months of follow-up.8

A recent nationwide Korean study showed that VTE incidence is gradually increasing, which
might be associated with increased awareness of VTE as well as improved survival of cancer
patients.9 A recent report from a tertiary hospital in Korea actually reported that age and sex
adjusted incidence of CAT has gradually increased over 10 years.10

However, there are several limitations of the use of conventional anticoagulants for the
treatment of CAT, including high recurrence rates and bleeding complications.!1 Injection
of low-molecular-weight heparin (LMWH) showed satisfactory results in large major clinical
trials and emerged as the treatment of choice!2:13; however, this injection therapy, which
typically lasts for more than 3 months, can be bothersome for patients. According to analyses
0f 2016 and 2017 US claim data, less than one-half of CAT patients received LMWH.14,15

In Korea, despite relatively low cost of LMWH, warfarin (WFR)-based treatments are still
prevalent among cancer patients with thrombosis.? In this study, only 20% of VTE patients
chose LMWH treatment. Although the data did not divide the patients into CAT and non-
CAT group, we can presume that a similar trend can be applied to the CAT subset. These
findings suggest that patient preference can also affect actual medical practice. Furthermore,
frequent interruption of anticoagulation therapy due to intervention, biopsy, or the toxicity
of anticancer therapy make CAT treatment even more challenging. In these contexts, direct
oral anticoagulants (DOACs), including a direct thrombin inhibitor and factor Xa inhibitors,
are emerging as alternative therapies for VTE treatment. DOACs are potentially attractive

for managing VTE because they can be administered orally at a fixed dose with predictable
effects. In this article, we review the latest research in novel treatment options and
contemplate some questions in the context of actual clinical practice.

RISK FACTOR ASSESSMENT

There have been numerous studies on the identification of CAT risk factors and high-risk patients.
The following underlying patient characteristics can increase the risk of CAT development: old
age, medical comorbidities, obesity, immobility, and previous VTE history.16 Risk also varies by
the primary site of malignancy, histology, and disease stage.1719 Pancreatic, gastric, and lung
cancer are especially highly associated with CAT.20,21 Cancer treatments, including conventional
chemotherapy, hormonal therapy, antiangiogenic agents, and immunomodulatory agents, can
contribute to CAT development.22-24 Usually the incidence of CAT is highest early after cancer
diagnosis, but VTE can occur at any time during the course of malignancy.

A predictive model of chemotherapy-associated VTE was developed by Khorana et al.25 using
primary cancer type, hematologic profiles, and patient characteristics. Later refinements of
the model introduced some biomarkers, including P-selectin and D-dimer.26:27 Although
various algorithms have been proposed for risk stratification, more accurate and refined
models are still needed.
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ANTICOAGULATION USE FOR CAT

LMWH treatment for CAT

WER has long been used to treat CAT, but limited by frequent drug-drug interactions (DDIs)
and need for regular monitoring due to its narrow therapeutic window. Furthermore, a
significant proportion of CAT cases are refractory to WFR. For these reasons, several studies
sought a substitute for WER in treatment of CAT. In 2003, the Randomized Comparison

of Low-Molecular-Weight Heparin Versus Oral Anticoagulant Therapy for the Prevention

of Recurrent Venous Thromboembolism in Patients with Cancer (CLOT) trial was the first

to compare dalteparin, a LMWH, to WFR, examining 676 active cancer patients with VTE.
Patients treated with LMWH showed a 55% reduction in relative risk of recurrent VTE (8.0% in
dalteparin vs. 15.8% in WFR; hazard ratio [HR], 0.48; 95% confidence interval [CI], 0.30-0.77;
P=0.002) without increasing major bleeding (MB) complications (5.6% in dalteparin vs. 3.6%
in WER; P=0.27).13 In the Comparison of Acute Treatments in Cancer Haemostasis (CATCH)
trial, the largest phase Il randomized trial comparing LMWH to WEFR, patients treated with
the tinzaparin showed a trend toward reduction in VTE recurrence (7.2% for tinzaparin vs.
10.5% for WFR; HR, 0.65; 95% CI, 0.41-1.03; P= 0.07), but the difference was not statistically
significant. Tinzaparin showed a safer profile in clinically relevant non-MB (CRNMB, 10.9% vs.
15.3%; HR, 0.58; 95% CI, 0.40-0.84; P=0.004) than WFR, but MB was similar in both groups
(2.7% vs. 2.4%; P=0.77).12 Several other studies were conducted in Europe and Canada, which
consistently reported that LMWH showed comparable efficacy without increasing the risk of
bleeding complications.28:29 Based on these results, current major guidelines, including those
from the European Society for Medical Oncology, the National Comprehensive Care Network,
the American College of Chest Physicians, the American Society of Clinical Oncology, and
International Clinical Practice, consistently recommend LMWH as a first-line treatment for
CAT.30-34 However, there are still some critical issues in the use of LMWH, specifically in that
the drug requires self-injection and is not safely applicable under certain clinical situations,
including severe renal impairment and thrombocytopenia.

Evidence for DOACs in early clinical trials

Since the advent of DOACs in the 2000s, they have rapidly replaced classical anticoagulants
in the medical field, owing to their convenient route of administration and minimal
monitoring requirements. However, the use of DOACs for CAT was limited due to a lack of
evidence. Until recently, all available evidence was from subgroup analyses of cancer patients
in major randomized trials.

The trial of dabigatran versus warfarin in the treatment of acute venous thromboembolism
(RE-COVER ) in 2009 and the subsequent RE-COVER II trial in 2014 compared the efficacy
of dabigatran, a DOAC, with WER after acute parenteral anticoagulation in VTE patients.

In a pooled analysis of 4,886 patients from these two trials, there was no difference in VTE
recurrence (HR, 1.09; 95% CI, 0.76-1.57) or MB (HR, 0.73; 95% CI, 0.48-1.11) between the
two groups.35:36 As in the dabigatran study, studies comparing rivaroxaban (eligible patients
with deep-vein thrombosis [EINSTEIN-DVT] and eligible patients with pulmonary embolism
[EINSTEIN-PE]), apixaban (apixaban for the initial management of pulmonary embolism
and deep-vein thrombosis as first-line therapy [AMPLIFY]), and edoxaban (Hokusai VTE)
with WER also reported that DOAC showed comparable results in terms of efficacy and
complications.37-40 Based on these studies, Several meta-analyses was conducted on this
issue. Vedovati et al.#1 analyzed 1,132 patients with CAT from these studies and reported
3.9% of VTE recurrence in patients using DOACs, whereas 6.0% of patients developed
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recurrent VTE in the comparator (mainly vitamin K antagonist [VKA]) group. The DOAC
group showed a lower recurrence rate but failed to show a statistically meaningful difference
(odds ratio [OR], 0.63; 95% CI, 0.37-1.10; I?, 0%). MB and CRNMB showed similar trends
toward nonsignificant risk reduction in DOACs (OR, 0.77; 95% CI, 0.41-1.44 for MB and
OR, 0.85; 95% CI, 0.62-1.18 for CRNMB).4! The incidence of VTE recurrence and bleeding
complication of cancer subpopulation in each trial are summarized in Fig. 1A. In another
meta-analysis of a larger patient population, the results were generally consistent with
previous study.42

However, there are several limitations to the adoption of these findings in real clinical
practice: WFR, the main comparator of these studies, is known to be inferior to LMWH in
patients with cancer. In addition, the proportion of cancer patients in these studies was

very low. Even in the RE-COVER trial, which included the largest proportion of cancer
patients, cancer patients only accounted for 6.5% of the entire population. Furthermore, the
definition of active cancer was inconsistent among these large randomized controlled trials.
For example, the RE-COVER trial defined active cancer patients as either diagnosed with

A DOAC vs. VKA

Hokusai
(Edoxaban, n =208)

AMPLIFY
(Apixaban, n =159)

EINSTEIN
(Rivaroxaban, n = 430)

RE-COVER
(Dabigatran, n = 334)

30
B DOAC vs. LMWH
Hokusai VTE
(Edoxaban, n =1,046)
Select-D
(Rivaroxaban , n = 406)
T T T T T T 1
0 5 10 15 20 25 30
%
B VTE recurrence (DOAC) M VTE recurrence (Comparator) B MB (DOAC)
B CRNMB (DOAC) MB (Comparator) B CRNMB (Comparator)

Fig. 1. Comparison of VTE recurrence and bleeding (%) in major clinical trials. (A) Cancer subpopulation of DOAC
vs. VKA trials and (B) DOAC vs. LMWH trials in CAT.

DOAC = direct oral anticoagulant, VKA = vitamin K antagonist, LMWH = low-molecular-weight heparin, VTE = venous
thromboembolism, MB = major bleeding, CRNMB = clinically relevant non-major bleeding, AMPLIFY = apixaban for
the initial management of pulmonary embolism and deep-vein thrombosis as first-line therapy, EINSTEIN = eligible
patients, RE-COVER = dabigatran versus warfarin in the treatment of acute venous thromboembolism, CAT = cancer-
associated venous thromboembolism.
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or treated for active cancer within 5 years, which was a relatively broad definition compared
to other studies. Consequently, in CAT patients, results are still inconclusive, despite the
favorable results in subgroup analysis.

Recent investigations on anticoagulation therapy for CAT

The studies mentioned above primarily compared VKA with LMWH or DOACs. Based on
these results, it is expected that DOACs would have similar efficacy and safety profiles
compared with LMWH. Yhim et al.43 recently conducted a prospective, open-labeled trial

to investigate the efficacy of rivaroxaban in active cancer patients. The definition of active
cancer in this trial was concordant with the CLOT and CATCH trials. Results implied that
rivaroxaban can be used effectively and safely as a treatment for CAT. And recently, studies
comparing DOAC with LMWH as treatment for CAT were successively published. First, the
Hokusai VTE cancer trial reported noninferiority of edoxaban to dalteparin in CAT patients.44
This study included 1,046 patients who were diagnosed with or treated for cancer within 2
years, and 98% of the study population had active cancer at the time of the study. The primary
outcome was the composite endpoint of recurrent VTE or MB. Results showed noninferiority,
with an HR 0f1.01 (95% CI, 0.69-1.46; P= 0.02 for noninferiority). Taking a deeper look at
the endpoint, VTE recurrence did not differ between the two groups (12.8% in edoxaban vs.
13.5% in dalteparin; HR, 0.97; 95% CI, 0.70-1.36; P=0.006), but MB was more common in
the DOAC group (HR, 1.77; 95% CI, 1.03-3.04; P=0.04). As in other studies of DOACs, the
most common bleeding complication was upper gastrointestinal (GI) bleeding. In a recent
report from the Select-D trial, which compared dalteparin with rivaroxaban in 406 CAT
patients, cumulative VTE recurrence rates were 11% (95% CI, 7%-16%) in the dalteparin
group and 4% (95% CI, 2%-9%) in the rivaroxaban group during 6 months of treatment (HR,
0.43; 95% CI, 0.19-0.99).45 MB did not differ between the two groups (4% in dalteparin vs.
6% in rivaroxaban), but CRNMB increased significantly in the rivaroxaban group (HR, 3.76;
95% CI, 1.63-8.69). In concordance with findings in other studies, most CRNMB was GI or
urologic bleeding. The incidence of VTE recurrence and bleeding complication in these two
studies are summarized in Fig. 1B.

Based on these recent trials, meta-analysis of these results has recently been published. DOAC
showed tendency of reduced VTE recurrence by 6-months (OR, 0.65; 95% CI, 0.42-1.01; I2,
17%) with increased MB risk by 6-months (OR, 1.74; 95% CI, 1.05-2.88; I?, 0%).46 DOACs seem
to be a potential alternative of LMWH for the treatment of CAT, with increased risk of CRNMB.

SPECIAL CONSIDERATIONS IN PATIENTS WITH CAT

Incidental VTE

An incidental finding of VTE during regular follow-up is common among patients with active
cancer. A retrospective analysis of cancer patients receiving cisplatin-based chemotherapy

at Memorial Sloan Kettering Cancer Center revealed that 43.8% of arterial or venous
thromboses were detected by chance.47 Similarly, a report from Rochester University
revealed that 40% of all VTE cases were incidentally diagnosed in cancer patients.48 One of
the notable findings about incidental VTE is that there is no difference in terms of survival
between symptomatic and incidental VTE. In both retrospective cohort and other prospective
observational studies, incidental VTE also showed poor outcome as symptomatic VTE

in cancer patients.4950 Based on these findings, major guidelines currently recommend
anticoagulation for incidental VTE.5!
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Nevertheless, some uncertainty remains in the treatment of clinically insignificant
thrombosis. Some researchers have suggested that isolated subsegmental PE without DVT is
not associated with increased risk of recurrent or fatal PE, even if the patient does not receive
anticoagulation treatment.52 Considering that anticoagulation therapy has the potential risk
of bleeding complications, the use of anticoagulants in these patients should be determined
carefully, based on the patient's prognosis, symptoms, and systemic risk of thrombosis.

Renal impairment

Renal impairment is one of the most important comorbidities in hospitalized patients with
VTE. Bottger et al.>3 reported that 10% of patients had stage III or higher renal impairment
in a study of 6,725 German VTE cohorts. It is difficult to estimate the actual incidence of
renal impairment among patients with malignancy, but it is well known that the prevalence
of renal impairment is higher in cancer patients than in healthy individuals, due to either
the malignancy itself or treatment-related complications.>4 But in major clinical trials of
thromboembolism, patients with severe renal impairment were excluded.12,13,37-39

LMWH is partially metabolized in the kidneys, whereas unfractionated heparin is
metabolized predominantly by the liver.55 Dependence on renal excretion may lead to the
bioaccumulation of LMWH in patients with renal impairment, resulting in elevated bleeding
risk.56 In the CLOT trial, a small proportion of patients with moderate or severe renal
impairment (severe: creatinine clearance [CrCl] < 30 mL/min, 2.7%; moderate: CrCl < 60 mL/
min, 21.9%) were included. In post hoc analysis, the incidence of MB in patients with renal
impairment was acceptable compared with the normal renal function group.5? The CATCH
trial also included some patients with renal impairment (severe, 1.8%; moderate, 13.1%).
Bleeding complications among the patients with renal impairment were comparable to
patients with normal renal function.58 In the prospective observation of treatment of venous
thromboembolism in cancer patients with dalteparin for up to 12 months (DALTECAN),
subgroup analysis of patients with a CrCl less than 50 mL/min revealed that renal impairment
has no impact on bleeding risk.> Considering these subgroup analyses from large studies,
dalteparin and tinzaparin seem to be reasonable treatment options in patients with renal
impairment. In general, patients with stable renal function (estimated glomerular filtration
rate [GFR] > 20-30 mL/min) can use LMWH without increased bleeding risk.60

In contrast, all DOACs are excreted largely via the kidneys, so the use of DOACs in patients
with renal impairment requires more clinical attention. Direct factor Xa inhibitors are
known to depend on renal elimination for 20%—-40% of their clearance.®1 In the AMPLIFY,
EINSTEIN-DVT, and EINSTEIN-PE trials investigating apixaban and rivaroxaban, renal
impairment did not significantly increase bleeding risk.37-39 Similarly, in the Hokusai VTE
trial, edoxaban also did not increase bleeding risk in patients with renal impairment.40
Overall, direct factor Xa inhibitors can also be treatment options in patients with mild-to-
moderate renal impairment, as shown in these major clinical trials.

On the other hand, dabigatran, a direct thrombin inhibitor, depends 80% of their
metabolism on renal excretion.%2 Furthermore, it has a relatively long half-life compared
to other DOACs, so special attention should be paid to its use in patients with renal
impairment. In the Randomized Evaluation of Long-Term Anticoagulation Therapy trial
comparing dabigatran with WFR in patients with atrial fibrillation, renal function was an
important clinical factor associated with the plasma concentrations of dabigatran.63,64
The RE-COVER trial investigating dabigatran use in VTE patients also showed that renal
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impairment was significantly associated with bleeding complications. Based on these results,
dabigatran should be avoided in patients with severe renal impairment.35,36,65

In conclusion, dalteparin, tinzaparin, and DOACs can be used in CAT patients with stable
and marginal renal function, but meticulous monitoring for bleeding complications and
changes in renal function is required. In addition, various formulas for the calculation of
renal function can cause differences in estimated GFR and influence drug dose, especially in
elderly patients.66

Gl problems

It is well known that DOAC is highly associated with the occurrence of major GI bleeding in
several randomized clinical trials and post-market studies.#3-45,67 The GI tract is the most
common site of MB.43-45 DOACs exhibit an anticoagulation effect not only by their systemic
absorption through the GI tract but also by their direct local effects on intestinal mucosa
and mucosal healing.%8 As bleeding is a frequent problem in cancer patients with diverse
etiologies, DOAC use in patients with GI malignancy should be monitored carefully.6?
Additionally, as old age is consistently reported to be a major risk factor for GI bleeding,
DOACS are cautiously recommended for elderly patients with a GI malignancy.

Another major consideration is the altered absorption of DOACs due to anatomical changes
in patients who have undergone the surgical resection of a GI tumor. Anatomical alterations
can cause changes in GI transit time, acidity, and surface area, affecting the bioavailability

of DOACs.70,71 Rivaroxaban, edoxaban, and dabigatran show pH-dependent solubility and
require gastric acidity for their absorption. These drugs are mainly absorbed in the distal
stomach and proximal small bowel, so bioavailability is likely to decrease after gastrectomy
or gastric bypass surgery.”2 In such cases, apixaban can be a good alternative option, because
the drug is absorbed in a pH-independent manner, and up to one-half of the drug is absorbed
in the distal small bowel and ascending colon.”3 For these same reasons, apixaban should

be avoided in patients who have undergone small bowel resection and/or colectomy.”2 Drug
formulas should also be taken into account, as dabigatran should be administered in capsule
form and avoided in patients with feeding tubes.” A simplified algorithm for the selection of
DOACs according to these considerations is shown in Fig. 2.

Thrombocytopenia

Thrombocytopenia is a widespread problem in patients with cancer. It can be a transient
event associated with chemotherapy or a chronic problem associated with the infiltration
of tumor cells into the bone marrow, immune-mediated thrombocytopenia, disseminated
intravascular coagulation, or microangiopathic hemolytic anemia. Chemotherapy-induced
thrombocytopenia (CIT) is one of the most prevalent causes of thrombocytopenia in
cancer patients, and its incidence differs widely, according to chemotherapy regimen.”576
In patients with CAT, thrombocytopenia increases bleeding risk but does not reduce VTE
recurrence.’’ For this reason, treating CAT patients with thrombocytopenia requires special
attention of clinicians.”8 In patients with thrombocytopenia, bleeding risk as well as risk of
VTE recurrence should be considered thoroughly during treatment.

Although many studies have been published, most have been based on retrospective
analyses.”8-81 Currently several guidelines recommend administering full-dose
anticoagulants if the platelet count exceeds 50 x 10°/L.82,83 For new or recently diagnosed
CAT (within 1 month), it is important not to discontinue anticoagulation therapy if possible,
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Active cancer with symptomatic or incidental VTE

Life expectancy greater than 3 months No . .
S ; —> Don't use anticoagulants
or symptomatic improvement desired?

Platelet count greater than 25 x 10°/L No .
and without bleeding? —> Consider an IVC filter

| Renal impairment? | | Gl issue? |
CrCl <15 mL/min|| CrCl15-30 mL/min || CrCl>30 mL/min Gastrectom SB resection or Nausea, vomiting, or || Tube feeding
— UFH or WFR || — avoid dabigatran — any DOAC : y right hemicolectomy || risk of GI bleeding — avoid
— apixaban . . . .
— avoid apixaban — consider LMWH dabigatran

Fig. 2. DOAC selection for the treatment of CAT.
DOAC = direct oral anticoagulant, CAT = cancer-associated venous thromboembolism, VTE = venous thromboembolism, IVC = inferior vena cava, CrCl = creatinine
clearance, UFH = unfractionated heparin, WFR = warfarin, SB = small bowel, GI = gastrointestinal, LMWH = low-molecular-weight heparin.
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because the risk of recurrent thrombosis is known to be highest during the first month of
treatment.13,59 In these patients, several options are acceptable if the platelet count exceeds
25 x 10°/L to 30 x 10°/L: reduce the LMWH dose to 50% or administer the full-dose of LMWH
with platelet transfusion. And additionally, although it is not fully defined whether inferior
vena cava (IVC) filter insertion is worthwhile or not, IVC filter can also be considered if DVT is
present. Even with such a lack of data, current international guidelines recommend IVC filter
as one of available options in thrombocytopenic patients.30,33

Debates remain regarding the treatment of CAT patients with thrombocytopenia. There

are no clear answers as to which anticoagulant strategy is superior when the platelet count

is between 25 x 10°/L to 50 x 10%/L. And currently, most of the reports on this issue only
focused on CIT. Scheduling and dosing strategies for DOACs in various situations are not yet
established. Additional studies on these unanswered questions are required.

DDIs

Although DDIs have decreased since mainstream CAT treatment moved from WER to
LMWH, novel treatment options still can cause DDIs in cancer patients. DOACs are
metabolized mainly through the P-glycoprotein (P-gp) and cytochrome P (CYP) metabolic
pathways, resulting in DDIs with other drugs that share these same mechanisms. For
example, certain chemotherapeutic agents, such as adriamycin and vincristine, can reduce
plasma concentrations of DOACs via CYP3A4 and P-gp induction.84 In addition to these
classical cytotoxic agents, calcineurin inhibitors and tyrosine kinase inhibitors can also
influence plasma levels of DOACs in P-gp- and CYP-dependent manners.85 The concurrent
use of DOACs with these drugs can cause failure to achieve stable therapeutic levels, resulting
in subtherapeutic effects or severe bleeding. Given that most of these drugs are used in a
variety of cancers, these problems are likely to become increasingly common in the future.
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Unfortunately, there are currently no standardized monitoring methods or guidelines for
risk assessment and dose modification. Therefore, it is reasonable to consider switching to
LMWH in patients using these kinds of medications when optimal response is not achieved
or when an MB event occurs with DOAC treatment.

DURATION OF ANTICOAGULATION

Decisions regarding extended anticoagulation therapy should be made very carefully. The
reason of the difficulty in determining the duration of anticoagulation in CAT patients is
that cancer-related VTE has a higher recurrence rate and MB risk than non-cancer VTE.11
There is insufficient evidence on the optimal duration of anticoagulation treatment in CAT
patients, so therapy beyond 6 months is still controversial. According to major guidelines,
the recommended period of anticoagulation therapy in CAT patients is 3-6 months, with
anticoagulation therapy beyond 6 months based on the patient's active cancer status,
plans for cancer treatment, and individual risk assessment for bleeding and recurrent
thrombosis.16,30-33

The determination of treatment duration involves balancing the risk of thrombosis after
discontinuing therapy with bleeding risk during continued therapy. In the CLOT and CATCH
trials, the researchers reported 6%-7% cumulative incidence of thrombosis recurrence over
6 months in LMWH-treated patients. Subgroup analyses from DOAC trials show somewhat
heterogeneous findings, ranging from 2.6%-5.8% cumulative incidence of thrombosis
recurrence during treatment. On the other hand, the cumulative incidences of MB in the
CLOT and CATCH trials were 6.0% and 2.5%, respectively. DOACs showed similar safety
outcomes, with a cumulative incidence of MB between 2%-4%. With simple mathematical
calculations, we can see that the risk of VTE recurrence after discontinuing treatment is
comparable to the risk of MB when the treatment is continued.

The DALTECAN study was a prospective, observational study of VTE recurrence and bleeding
complications at regular time points during 12 months of extended anticoagulation.>?

The incidence of recurrent VTE was highest within the first month of treatment (5.7%),
stabilized to 3.4% during the second to sixth months, and rose to 4.0% thereafter. MB
showed a similar pattern, with a cumulative incidence of 3.6% within the first month of
treatment, rising to 4.6% during the second to sixth months, and dropping to 4.2% until the
completion of treatment.59 The Cancer-Duration of Anticoagulation Based on Compression
UltraSonography study also examined the rate of VTE recurrence.8¢ After classifying patients
according to the presence of remnant VTE after 6 months of treatment with LMWH, the
researchers randomized the patients with remnant VTE into an extended therapy group and
an observation group. The incidence of recurrent VTE was significantly higher in patients
with remnant VTE. Although extended therapy did not decrease the risk of recurrent VTE in
this study (HR, 1.37; 95% CI, 0.7-2.5; P=0.311), the results suggested that recurrence rates
differ widely, depending on certain risk factors, and that extended therapy might be required
for this group of patients.86 The Tinzaparin in Cancer-Associated Thrombosis Beyond Six
Months study, conducted in Spain, investigated VTE recurrence rates and related bleeding
complications during extended tinzaparin treatment.87 The rate of VTE recurrence with
extended tinzaparin treatment was 4.5% (95% CI, 2.2-7.8) from 1 to 6 months and 1.1% (95%
CI, 0.1-3.9) from 7 to 12 months. This study showed the safety of extended anticoagulation
therapy, in line with previous studies. Based on the results of these studies, it can be assumed
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that extended anticoagulation treatment in high-risk patients is relatively safe in terms of
VTE recurrence and bleeding.

To summarize, it is important to individualize the duration of anticoagulation treatment after
an evaluation of each patient's current status, risk factors for recurrence and bleeding, and
patient preference. Currently, there is insufficient evidence to establish reliable guidelines for
anticoagulation treatment duration that are applicable to all CAT patients; thus, additional
studies are needed.

SUMMARY

Management of CAT is more challenging than that of cancer-naive VTE. Not only is CAT
itself difficult to treat, but various complex medical situations should also be taken into
consideration, and careful monitoring for complications is critical. Understanding both the
individual needs of each cancer patient and proper drug selection are cornerstones of this
therapy. More research is required to address the remaining challenges of CAT management.

Key message

1. In CAT, DOAC can be a reasonable option in terms of thrombosis recurrence and bleeding
complications.

2. Anticoagulation should be based on patients' underlying disease, major organ function,
concurrent drugs, and compliance.
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