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Background: Cancer patients are at increased risk for venous thromboembolism (VTE) due 
to cancer-induced hypercoagulability. However, current guidelines do not routinely recom-
mend prophylactic use of oral anticoagulants to prevent VTE in cancer patients.
Objective: To evaluate the efficacy and safety of novel oral anticoagulants (NOACs) versus 
no anticoagulant use (no-use) and, additionally, differential effects between NOACs and 
warfarin, in VTE and adverse bleeding prevention among cancer patients, in consideration of 
risk stratification by gender, high-risk chemotherapy exposure, and Khorana index.
Methods: This national health insurance data-based study with a 180-day follow-up 
enrolled cancer patients with or without oral anticoagulant use in 2017. The primary outcome 
was VTE risk in oral anticoagulant users vs non-users. Four propensity score-matched 
comparison pairs were designed: use vs no-use, NOAC vs no-use, warfarin vs no-use, and 
NOAC vs warfarin. A logistic regression model was used to investigate between-group 
differences in VTE and bleeding risk.
Results: When compared to no-use, NOACs showed substantial effects in preventing VTE 
complications (OR=0.40, p<0.001), primarily deep vein thrombosis (DVT) events (OR=0.38, 
p<0.001), in both male and female cancer patients as well as those with a Khorana score ≥1. 
Adverse bleeding risk was comparable or lower in NOAC-receiving female patients (p=0.13) 
and male patients (p=0.04), respectively. In contrast, no protective effects were found with 
warfarin compared to no-use in controlling thrombosis and adverse bleeding risk. In a head- 
to-head comparison of NOACs versus warfarin, DVT risk in those patients exposed to high- 
risk chemotherapy was significantly decreased with NOAC use (OR=0.19, p=0.03).
Conclusion: NOACs can be a promising thromboprophylactic option in both male and 
female cancer patients with VTE risk.
Keywords: venous thromboembolism, cancer, oral anticoagulant, Khorana

Introduction
Cancer patients are at increased risk of developing venous thromboembolism 
(VTE) complications involving deep vein thrombosis (DVT) and pulmonary embo-
lism (PE) due to cancer-induced hypercoagulability, complicated by repeated che-
motherapy administration through central or peripheral venous catheters, vascular 
endothelial damage, blood flow obstruction by tumor masses, procoagulant micro-
particles from cancer cells, comorbid conditions, advanced age, and impaired 
mobility.1–4 VTE has a substantial impact on cancer patients as it requires inpatient 
treatment and rehabilitation, consequently increasing health-care costs and 
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undermining patients’ quality of life.3–6 However, current 
guidelines do not routinely recommend the prophylactic 
use of oral anticoagulant therapy to prevent VTE events in 
ambulatory cancer patients; the guidelines recommend 
therapeutic anticoagulation for the treatment of VTE 
encountered during the course of cancer management.7,8

VTE treatment typically requires parenteral anticoagu-
lation at therapeutic doses, primarily based on low- 
molecular weight heparin (LMWH) or unfractionated 
heparin (UFH).7,8 However, parenteral anticoagulation 
requires inpatient care as doses need to be given multiple 
times daily or by continuous infusion;7 besides, the known 
risk of major bleeding and high cost also negatively affects 
patient adherence and subsequently patient outcomes.9 

Cancer patients are susceptible to major bleeding second-
ary to multiple comorbidities, myelosuppression induced 
by cancer-directed therapies and complexed interaction 
potentials with concomitant medications that can also 
increase bleeding risk;10–12 hence, parenteral anticoagula-
tion may further exacerbate the risk of major bleeding in 
these predisposed patients. There have been only a few 
randomized controlled trials (RCTs) conducted thus far 
that investigated the potential of oral anticoagulants for 
thromboprophylaxis in cancer patients.13,14 A recent RCT 
compared the efficacy of apixaban versus placebo over 
a follow-up period of 180 days and reported that apixaban 
can be an effective and safe thromboprophylactic option in 
cancer patients.13 In another RCT, rivaroxaban use, when 
compared against placebo, led to a significantly decreased 
incidence of VTE as well as major bleeding during the 
180-day follow-up in high-risk ambulatory patients with 
cancer.14 Oral anticoagulants possess advantages over par-
enteral agents as thromboprophylaxis in that they are less 
likely to cause major bleeding and more practical to be 
used by ambulatory patients.9,15 Hence, there is a pressing 
need to evaluate the efficacy and safety of oral anticoagu-
lant-based thromboprophylaxis in cancer patients at an 
increased risk for VTE complications, thereby improving 
clinical outcomes and prognosis of these patient 
populations.

The Khorana risk score is a validated stratification 
scoring system used for early identification and interven-
tion for cancer patients at risk for VTE development, but 
the clinical relevance of this scoring system in real-world 
practice settings has yet to be fully established.2,16 In 
addition, female patients and those exposed to high-risk 
chemotherapy are known to be more prone to blood clots 
than other cancer patients,1,17 but studies evaluating these 

factors in clinical outcomes of oral anticoagulation among 
cancer patients are still lacking. Therefore, in this retro-
spective cohort study, we aimed to evaluate the efficacy 
and safety of novel oral anticoagulants (NOACs) versus no 
anticoagulation (no-use) and, additionally, potential differ-
ential effects between NOACs and warfarin, in the pre-
vention of VTE and adverse bleeding events among cancer 
patients, in consideration of risk stratification by patient 
gender, high-risk chemotherapy exposure, and Khorana 
index.

Methods
Study Population
A retrospective cohort study involving cancer patients, 
with or without oral anticoagulant use, was performed 
using the Korean Health Insurance Review & 
Assessment Service-National Patients Sample-2017 
(HIRA-NPS-2017-0031). The HIRA database contains 
administrative National Health Insurance (NHI) claims 
data related to health-care services provided for the entire 
national beneficiaries, which include patient demo-
graphics, diagnoses per the International Classification of 
Disease 10th Revision (ICD-10), procedures, and compre-
hensive medical utilization, along with prescription data. 
The initial samples of 1,473,083 patients or three percent 
of the entire beneficiaries in 2017 were collected using 
a stratified randomized sampling method to ensure 
national representativeness. The present study patients 
were then identified if patients had a hospital encounter 
associated with a cancer diagnosis per ICD-10 code more 
than once in 2017. Prespecified exclusion criteria included 
prior dialysis treatment, preexisting end-stage renal dis-
ease, renal transplant status at study entry, and active VTE 
requiring inpatient treatment with parenteral anticoagula-
tion. The study protocol was approved by the Institutional 
Review Board of Ajou University (202004-HB-EX-001). 
Due to the retrospective design of the study based on 
anonymized health insurance data, informed consent 
from study participants was waived. No further ethics 
approval was required as the HIRA authorized the 
researchers to analyze de-identified nationwide patient 
data for research purposes.

Study Medications and Variables
Cancer patients who were treated with oral anticoagulation 
for ≥30 days were categorized as anticoagulant users and 
those without such medication as non-users. Anticoagulant 
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users were then classified into two cohorts of either war-
farin or NOAC users, in accordance with their primary 
anticoagulant therapy that lasted for ≥30 consecutive days; 
NOAC agents include rivaroxaban, apixaban, dabigatran, 
and edoxaban. Those patients with a history of both treat-
ments for an equivalent length of time, which was defined 
as the treatment duration not differing by ≥50% of each 
other’s prescribed days, were excluded from further 
analysis,18 leading to two mutually exclusive user groups. 
Predetermined variables included patient demographics, 
such as age and gender, cancer sites, Khorana scores, 
comorbidities, Charlson comorbidity index (CCI) scores, 
exposure to chemotherapy with high thrombotic risk, 
including tamoxifen, thalidomide, lenalidomide, cisplatin, 
fluorouracil, L-asparaginase, bevacizumab,17 along with 
concomitant medications with bleeding risk, such as anti-
platelets, nonsteroidal anti-inflammatory drugs (NSAIDs), 
corticosteroids, and parenteral anticoagulants. All eligible 
prescription data for comedication assessment were cap-
tured using a total of 107 relevant substance codes listed in 
the national formulary, which belong to the aforemen-
tioned drug categories. VTE risk of individual patients 
was estimated by using the Khorana index system, which 
takes into account cancer sites, hematologic status in terms 
of hemoglobin, platelet and leukocyte levels, and obesity 
status.16 The following clinically relevant comorbid con-
ditions were identified per ICD-10 code: renal disease, 
diabetes without complications, diabetes with complica-
tions, hemorrhagic stroke, ischemic stroke, cerebrovascu-
lar occlusion, and atrial fibrillation, and previous VTE.

Study Outcomes
The primary outcome was the incidence and risk of VTE 
in cancer patients receiving oral anticoagulants versus 
those not receiving such medication, stratified by gender, 
high-risk chemotherapy exposure, and Khorana index to 
account for differential effects of oral anticoagulation per 
different patient attributes. The VTE endpoint was 
a composite of newly diagnosed DVT or PE identified 
via health-care visit episodes for the respective events 
that occurred up to 180 days post the index date; between- 
group differences in VTE risk were then evaluated by 
computing odds ratios (ORs) along with 95% confidence 
intervals (CIs). The index date for study participants was 
defined as the first encounter date associated with a cancer 
diagnosis in each patient. To better assess differential 
effects of NOACs versus warfarin on VTE complications 
in cancer patients, a separate risk analysis was designed, 

where NOACs were collectively compared against war-
farin. The safety outcome was a composite of hospital 
encounter with a primary diagnosis of bleeding, such as 
cerebrovascular hemorrhage, hemorrhage of esophagus, 
hematemesis, melena, gastrointestinal hemorrhage, hemor-
rhage from respiratory passages, hemorrhage of anus and 
rectum, and hemorrhage not elsewhere classified. Patient 
follow-up began on the index date until the earliest occur-
rence of any of the censoring events as follows: study 
endpoint events, follow-up discontinuation before the end 
of study period, or the end of the 180-day follow-up. The 
outcome date was determined as the earliest date when 
a patient encountered a given endpoint event during the 
study period, but to enhance the quality and reliability of 
this retrospective health insurance data-based study, only 
those cases that occurred at least 7 days after the index 
date were captured as a relevant event and incorporated in 
risk analyses.

Statistical Analysis
We designed four comparison pairs: use versus no-use, 
NOAC versus no-use, warfarin versus no-use, and lastly 
a head-to-head comparison of NOAC versus warfarin. To 
balance potential confounding factors between different 
study cohorts, eligible patients were matched in a 1:1 
ratio to each of the two comparison groups, based on 
propensity score (PS) matching per relevant patient char-
acteristics, in terms of age category, gender, previous 
VTE and comorbidity at study entry, high-risk che-
motherapy exposure and comedication patterns during 
the follow-up. The multinomial PS for individual patients 
was estimated by fitting a logistic regression model 
accounting for the aforementioned pre-treatment vari-
ables as covariates. A separate 1:1 PS-matching process 
was repeated for each of the four comparison pairs; the 
caliper matching method was utilized to improve the 
quality of matching due to heterogeneity with respect to 
baseline comorbidities and comedication patterns 
between initial cohorts. The multiple logistic regression 
analysis was also employed to adjust for potential con-
founding factors in PS-matched study patients. We calcu-
lated the incidence rates of endpoint events as well as 
ORs along with 95% CIs by comparing the user group as 
a whole and then the NOAC and warfarin groups sepa-
rately against the non-user group (reference), respec-
tively; then a head-to-head comparison between NOAC 
and warfarin (reference) was additionally performed. 
Risk analyses were first conducted for incident endpoint 
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events regardless of patient factors relevant for VTE risk 
assessment, and then repeated in each stratum by gender, 
high-risk chemotherapy exposure, and Khorana index at 
study entry. The p-values were two-sided and deemed 
statistically significant if <0.05. Statistical analyses were 
performed using SAS 9.4 software (SAS Institute Inc., 
Cary, NC, USA).

Results
Characteristics of Study Patients
Of the 1,473,083 sampled patients, adult patients with cancer, 
including both oral anticoagulant users and non-users, were 
screened, and resultantly 47,454 patients were found eligible 
for study entry. A total of 238 patients were then excluded 
from further analysis due to the following reasons: previous 
dialysis treatment or end-stage renal disease (n=167), kidney 
transplant status at study entry (n=44), and not being adult 
(n=27); no patients were further excluded due to the equiva-
lent duration of study therapies or active VTEs associated 
with parenteral anticoagulant treatment. Of the remaining 
47,216 patients (636 in the NOAC cohort, 298 in the warfarin 
cohort, and 46,282 in the no-use cohort), 1:1 PS matching 
was performed in each of the four comparison pairs. As 
a result, 870 patients in each of the use and no-use groups, 
601 patients in each of the NOAC and no-use groups, 298 
patients in each of the warfarin and no-use groups, and 298 
patients in the NOAC and warfarin groups were identified for 
study analysis, respectively. Baseline characteristics of the 
PS-matched study patients per individual comparison pairs 
are summarized in Table 1. Overall, the distribution of gen-
der, common cancer sites, Khorana index, comorbidity bur-
den in terms of diabetes with or without complications and 
hemorrhagic stroke, was well balanced between comparison 
groups post PS matching. Khorana scores suggested equiva-
lent VTE risk at study entry across study cohorts. As sum-
marized in Table S1, baseline attributes of the initial cohort of 
47,216 cancer patients prior to PS matching showed an 
inherent disparity between oral anticoagulant users versus 
non-users, in terms of baseline comorbidities and comedica-
tion patterns; we further adjusted for potential confounding 
factors in PS-matched study patients by employing the multi-
ple logistic regression analysis.

Study Outcomes: Use versus No-Use
The incidence and risk of VTE events in oral anticoagulant 
users as compared to non-users were assessed in the PS- 
matched groups and the results are presented in Figure 1. 

Female patients were more susceptible to thrombosis compli-
cations, both DVT and PE, than male patients; the gender 
difference was greatest in DVT rates: 10.5% versus 5.3% in 
females and males, respectively, nearly a twofold difference 
(p<0.001). The primary outcome of VTE was encountered in 
86 (9.9%) and 111 (12.8%) patients in users and non-users, 
respectively. The ORs were adjusted for potential confounding 
factors as indicated in the distribution of patient characteristics 
at baseline. Anticoagulant use in cancer patients had 
a significant protective effect in preventing VTE complica-
tions compared to non-users: the OR (95% CI) was 0.52 
(0.38–0.71) in overall patients, 0.50 (0.32–0.78) in male 
patients, 0.53 (0.35–0.82) in female patients, 0.47 (0.33–0.66) 
in those not exposed to high-risk chemotherapy, and 0.51 
(0.37–0.71) and 0.57 (0.37–0.89) in those with a Khorana 
score of ≥1 and ≥2, respectively. A lower risk of DVT com-
plications was detected among anticoagulant users compared 
to non-users and the protective effect remained significant in 
all strata: the OR (95% CI) was 0.51 (0.35–0.74) in overall 
patients, 0.54 (0.31–0.96) in males, 0.48 (0.29–0.80) in 
females, 0.43 (0.29–0.66) in those with no exposure to high- 
risk chemotherapy, and 0.51 (0.34–0.76) in those with 
a Khorana score of ≥1. Such efficacy was not found in the 
prevention of PE events in overall and female cancer patients 
and in all strata by high-risk chemotherapy exposure and 
Khorana index, except in male patients where potential pro-
tective effects were detected with oral anticoagulant use: the 
incidence of PE was 3.5% versus 4.4% in the user and non- 
user groups, respectively (p=0.046). Interestingly, oral antic-
oagulant users were assessed less likely to experience bleeding 
events than non-users. Here, the ORs have been adjusted for 
relevant baseline factors, especially concomitant antiplatelet, 
NSAID, and corticosteroid use, all with potential bleeding 
risk; use rates of those medications tended to be higher 
among anticoagulant non-users. More detailed results are pro-
vided in Table S2.

Study Outcomes: NOAC versus No-Use
Figure 2 visually summarizes the results of incidence rates 
and comparative risk of primary endpoints of VTE compli-
cations among the PS-matched study patients of NOAC users 
versus non-users; the ORs associated with each component 
of VTE composite endpoint, DVT and PE, were also sepa-
rately presented. Similar patterns of gender differences in 
thrombosis rates were observed; female patients were more 
prone to develop VTE compared to male patients (16.7% 
versus 10.2%, p<0.001), both DVT (11.2% versus 5.9%, 
p=0.001) and PE (7.2% versus 4.9%, p=0.11). The ORs 
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were adjusted for potential confounding factors. Cancer 
patients on NOAC therapy were at substantially reduced 
risk for VTE development relative to non-users: the OR 
(95% CI) was 0.40 (0.28–0.58) in overall patients. The 
beneficial effects remained statistically significant in most 
strata by gender and other risk factors: the OR (95% CI) was 
0.45 (0.27–0.75) in males, 0.34 (0.20–0.58) in females, 0.35 
(0.23–0.53) in those without exposure to high-risk che-
motherapy, and 0.40 (0.27–0.59) and 0.49 (0.29–0.80) in 
those with a Khorana score of ≥1 and ≥2, respectively. 
NOACs were effective in lowering VTE risk primarily by 
preventing DVT events in both male and female cancer 
patients and also in those with no exposure to high-risk 
chemotherapy and with a Khorana score of ≥1, as compared 
to no-use. NOACs were not associated with lower risk of PE 
with statistical significance relative to no-use in most strata, 
but potential protective effects were assessed in those with no 
exposure to chemotherapy. Notably, NOAC users, especially 
male patients, were less likely to have a hospital encounter 
for bleeding events compared with non-users; the ORs here 
were adjusted for the aforementioned pretreatment factors, 
including comedication patterns that may influence bleeding 
risk. More detailed results are available in Table S3.

Study Outcomes: Warfarin versus 
No-Use
The incidence and risk of the composite endpoint of VTE, 
DVT and PE components, depending on warfarin use or 
no-use, were examined in the overall PS-matched study 
patients as well as separately in each stratum by gender 
and VTE risk per high-risk chemotherapy exposure and 
Khorana index (Figure 3). The incidence of thrombosis 
outcome rates were higher in female patients than in male 
patients; the DVT rates showed a 2.6-fold difference 
between males and females (11.6% versus 4.5%, 
p=0.001). There were only 298 warfarin users (0.6% of 
the initial cohort of 47,216 cancer patients prior to PS- 
matching), who met the inclusion criteria for study entry. 
As there were a relatively small number of patients in the 
initial warfarin cohort, 298 patients not on oral anticoagu-
lant therapy were identified by performing PS-matching 
for the no-use group. Most pretreatment variables were 
well balanced between the PS-matched groups, but poten-
tial confounders (age, antiplatelet use) were further 
adjusted for via subsequent multiple logistic regression 
analyses. The ORs indicated no beneficial effects with 
warfarin as compared to no-use in terms of the prevention Ta
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of VTE, DVT, and PE; warfarin was not associated with 
increased bleeding risk. More detailed results are available 
in Table S4.

Study Outcomes: NOAC versus Warfarin
An additional analysis was designed for the head-to-head 
comparison between NOACs and warfarin (Figure 4). The 
PS-matched 298 cancer patients on NOACs were com-
pared against those 298 warfarin users in terms of overall 
VTE risk, DVT and PE risk separately, and adverse bleed-
ing risk. The ORs were adjusted for potential confounding 
variables per baseline characteristics of PS-matched study 
patients. Most outcomes were not associated with statisti-
cal significance except DVT risk in the high-risk che-
motherapy stratum; high-risk chemotherapy-exposed 
cancer patients receiving NOACs were at significantly 
lower risk of experiencing DVT events than those on 

warfarin (OR=0.19, p=0.03). More detailed results are 
available in Table S5.

Discussion
In this cohort study, we evaluated the efficacy and safety 
of oral anticoagulants in the prevention of VTE among 
cancer patients. To the best of our knowledge, this is the 
first study that conducted risk analyses, stratified by 
patient gender and VTE risk per high-risk chemotherapy 
exposure and Khorana index, comparing oral anticoagu-
lant use versus no-use, along with the head-to-head com-
parison between NOACs and warfarin among cancer 
patients. NOACs substantially decreased VTE complica-
tions, especially DVT events, in cancer patients as com-
pared to no-use; the beneficial effects on thrombosis 
prevention were detected in both males and females, 
those not exposed to high-risk chemotherapy, and in 
those with a Khorana score ≥1. Adverse bleeding risk 

Figure 1 Forest plot of odds ratios by patient subgroups: use versus no-use. 
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
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also appeared lower among oral anticoagulant users, espe-
cially in male patients, potentially influenced by different 
comedication patterns between users and non-users; non- 
users showed a greater tendency to receive more conco-
mitant medications with bleeding risk, such as antiplate-
lets, NSAIDs, and corticosteroids whereas oral 
anticoagulant users tended not to be prescribed those med-
ications concomitantly. In contrast, no protective effects 
were observed with warfarin use relative to no-use in 
reducing the risk of thrombosis and adverse bleeding. 
When NOACs were compared directly against warfarin, 
the risk of DVT in those patients exposed to high-risk 
chemotherapy was substantially decreased with NOACs.

The Khorana risk score is a risk stratification tool to 
identify cancer patients with high risk for thrombosis 
complications. This tool assigns risk scores based on the 
following criteria: 1) cancer sites; 2) hematologic abnorm-
alities; and 3) obesity.2,16 Any patients with a Khorana risk 

score of ≥3 are considered as high-risk patients:16 a meta- 
analysis revealed the highest VTE incidence of 11% in 
high-risk patients while its incidence in those with low- 
risk (0 point) and intermediate-risk (1–2 points) was 5.0% 
and 6.6%, respectively.16,19 In our study, about 82.6% of 
the PS-matched study patients had a Khorana score of 1 or 
above (intermediate- to high-risk)16 and these patients 
obtained substantial benefits with oral anticoagulant use, 
especially with NOACs, compared to no-use in terms of 
the prevention of VTE complications, primarily DVT 
events.

Cancer patients possess at least five- to seven-fold 
elevated risk of VTE and 12.3 in every 1000 cancer 
patients develop VTE within the first six-month post can-
cer diagnosis.20,21 A study by Blom et al demonstrated that 
the risk of thrombosis was highest in the first three months 
of the cancer diagnosis and slowly decreased thereafter.3 

Although cancer itself increases morbidity and mortality 

Figure 2 Forest plot of odds ratios by patient subgroups: NOAC versus no-use. 
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; NOAC, novel oral anticoagulant.
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of the patients, VTE development within the first year of 
the cancer diagnosis substantially worsens patient prog-
nosis as well as cancer-related complications.6 The exact 
molecular mechanism and etiologies of hypercoagulable 
states in cancer patients have not been fully elucidated. 
However, numerous studies have identified the risk factors 
associated with prothrombotic states, and cancer itself, 
depending on its type, stage and grade (along with use of 
intravenous access devices, blood flow obstruction by 
tumor masses, vascular endothelial damage, procoagulant 
microparticles from cancer cells) has been reported as one 
of the strong risk factors for the hematologic 
dysfunction.1–4,6

The risk of cancer-associated VTE varies across differ-
ent sites of cancer, as implied by the Khorana risk scoring 
system;16 those diagnosed with lung, lymphoma, gyneco-
logic, bladder or testicular cancers are classified as high 
risk patients for VTE, and the risk is greater, by threefold 

or more, in those with gastric or pancreatic cancers.16 The 
stage of cancer is another important risk factor for cancer- 
associated VTE.5 According to a population-based study, 
cancer patients had a fourfold higher risk of VTE in the 
initial stage as compared to healthy counterparts, and the 
risk increased 58-fold in solid tumor patients with distant 
metastasis.3 Among various factors involved in coagula-
tion, tissue factor (TF), a triggering factor for the extrinsic 
coagulation cascade, is considered as one of the most 
contributing components to cancer-associated prothrombo-
tic pathways.6,22,23 TF is a transmembrane protein respon-
sible for activating the extrinsic coagulation pathway as 
well as platelets, via proteolysis of factor VII (FVII) to its 
activated form (FVIIa) and via thrombin generation, 
respectively.6,22,23 TF is typically overexpressed in tumor 
cells of the aforementioned high-risk cancer sites.16 

Moreover, TF expression has a strong correlation with 
the tumor progression secondary to TF-mediated tumor 

Figure 3 Forest plot of odds ratios by patient subgroups: warfarin versus no-use. 
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
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angiogenesis and metastasis, which further aggravates 
VTE risk in those patients with advanced-stage 
cancers.24 Recent observations have reported the presence 
of contact phase activation in breast, lung, gastrointestinal, 
and prostate cancers, which has also been suggested as 
a mechanism of cancer-associated hypercoagulability.4

In addition, cancer patients have patient-specific risk 
factors for VTE complications, such as diverse tumor 
marker, old age, repeated stressor events (chemotherapy 
or surgery), frailty and impaired mobility.17,25 

Chemotherapy increased VTE risks by six to seven folds 
in these patients.2,26 Based on the results from a 25-year 
population study, the VTE incidence increased exponen-
tially with age, and in the context of cancer incidence 
typically rising with age, the risk of VTE in cancer 
patients could be more amplified than reported in 
studies.27,28 Furthermore, cancer patients have multiple 
underlying comorbid conditions that could also lead to 

an elevated VTE risk, including hypertension, hyperlipi-
demia, diabetes mellitus, hypothyroidism and coronary 
artery disease.6,29–31 Hence, appropriate thromboprophy-
laxis especially in high-risk patients should not be 
neglected in cancer management. The current guidelines, 
however, do not recommend routine use of oral thrombo-
prophylaxis in these patients, especially in ambulatory care 
settings, despite multiple thrombotic risk factors present 
due to the underlying malignant disease.7

Parenteral anticoagulants, such as LMWH and UFH, 
are the most commonly used agents as for thrombopro-
phylaxis or VTE treatment in the inpatient care 
settings.7,32 The preference of these agents, nonetheless, 
has declined due to major bleeding risk and adherence 
issues related to the inconvenient route of administration; 
several studies have thus far evaluated the thrombopro-
phylactic effects of oral anticoagulants, both in cancer and 
non-cancer patients, as an alternative option to replace 

Figure 4 Forest plot of odds ratios by patient subgroups: NOAC versus warfarin. 
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; NOAC, novel oral anticoagulant.
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parenteral agents.13–15,33,34 Two RCTs with the follow-up 
of 180 days demonstrated the efficacy of apixaban and 
rivaroxaban, respectively, along with an improved safety 
profile in terms of lower major bleeding risk in cancer 
patients as compared to placebo.13,14 In consistent with 
these results, our study confirmed that NOACs signifi-
cantly reduced thrombosis risks in terms of VTE as 
a whole and more specifically in DVT among cancer 
patients; bleeding risk was also assessed lower in those 
receiving NOACs relative to non-users. NOACs (edoxa-
ban, rivaroxaban and apixaban) led to significantly 
decreased VTE recurrences relative to dalteparin, 
a parenteral anticoagulant, in cancer patients, suggesting 
that NOACs can be a promising alternative to parenteral 
agents as thromboprophylaxis in cancer patients.34 

Additionally, NOACs have similar properties to LMWH 
in terms of immediate onset of action and short half- 
lives,35 and the oral route is more convenient for cancer 
patients.

In real-world practice, warfarin is not recommended as 
antithrombotic prophylaxis, particularly in cancer patients. 
Maintaining the International Normalized Ratio (INR) 
within the therapeutic range can be challenging in cancer 
patients, because of advanced age, frailty, drug interactions 
with various cancer-directed therapies, chemotherapy- 
induced adverse effects and cancer-related complications 
and comorbidities.32,36 According to Rose et al, cancer 
patients stayed in the target INR range for only 54% of 
the time; their INR values were more variable and they 
experienced more thrombotic events than those without 
cancer.36 On the other hand, NOACs, which directly inhi-
bit either thrombin (dabigatran) or direct factor Xa (rivar-
oxaban, apixaban, and edoxaban), do not require INR 
monitoring and frequent dose adjustments during the treat-
ment. The present study showed no beneficial effects in 
the prevention of thrombosis with warfarin use relative to 
no-use. However, the head-to-head analysis revealed com-
parable effects between NOACs and warfarin, albeit 
potentially underpowered; the relatively small sample 
size in the warfarin cohort and its matched comparison 
group might have contributed to these results. We can also 
assume that warfarin may have some downfalls that need 
to be evaluated; according to the current treatment guide-
lines, warfarin is not recommended for acute VTE treat-
ment in cancer patients because long-term anticoagulation 
with warfarin increased the incidence of recurrent VTE in 
cancer patients.32,37 Another study reported that warfarin 
demonstrated no benefits of thromboprophylaxis for 

cancer patients compared to parenteral anticoagulants due 
to high incidences of both recurrent VTE and adverse 
bleeding.34

Our study examined differential effects of oral antic-
oagulation in accordance with patient gender, high-risk 
chemotherapy exposure, and Khorana index among cancer 
patients. Female sex is a well-known risk factor for VTE, 
but Roach et al suggested that a majority of VTE cases in 
female patients are associated with pregnancy and exogen-
ous hormonal therapy, and males rather have higher risks 
of first and recurrent VTE than females when disregarding 
reproductive risk factors.1,38 In the present study, the inci-
dence rates of VTE, regardless of its type of DVT or PE, 
were higher among female patients than in male patients in 
all comparison pairs. NOACs substantially decreased the 
risk of VTE, primarily DVT risk, in both sexes compared 
to no-use. On the other hand, bleeding risk was substan-
tially lower in male cancer patients on NOACs, when 
compared to no-use, while such effects were not seen 
among female cancer patients. Interestingly, in the head- 
to-head comparison between NOACs and warfarin, 
NOAC-receiving patients who had been exposed to high- 
risk chemotherapy were at a lower risk of DVT than those 
on warfarin. There are not enough studies evaluating the 
differential efficacy and safety of thromboprophylaxis by 
gender in cancer patients to confirm the validity of our 
study results. However, based on the studies assessing the 
clinical outcomes of cancer patients with VTE, female 
patients may show better outcomes than male patients 
during anticoagulation treatment composed of parenteral 
or oral agents, in terms of lower risk of fatal bleeding, 
death, and recurrent thrombosis after discontinuation of 
anticoagulant therapy.39,40 More studies evaluating gender 
differences in the thromboprophylactic efficacy and safety 
of oral anticoagulants among cancer patients are needed to 
provide optimal thromboprophylaxis in consideration of 
patient-specific factors and differential risk assessment.

Limitations
This study has several limitations. First, due to this study 
being a retrospective cohort study using national health 
insurance data, incorrect or missing documentation of 
diagnostic codes in claims data could have influenced 
the distribution of comorbidities at baseline as well as 
study outcomes. Laboratory data were not available from 
the HIRA database, which potentially led to underestima-
tion of Khorana scores in individual study patients. Due to 
heterogeneity between oral anticoagulant users and non- 
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users in real-world data, some of the baseline comorbid-
ities and concomitant medications (antiplatelets, NSAIDs, 
and corticosteroids) were not fully balanced with PS 
matching, and had to be additionally adjusted for by the 
multiple logistic regression analysis in order to minimize 
potential confounding effects. Although NOACs have 
been associated with increased risk of gastrointestinal, 
gynecological and urological bleeding in other 
studies,41,42 such risk was not detected in the present 
study, which might have been affected by the aforemen-
tioned deferential comedication patterns between groups. 
Due to the limited number of NOAC-using cancer patients 
satisfying the inclusion criteria for study entry, we had to 
collectively categorize all the patients on any of the 
NOAC agents as the NOAC group, regardless of prophy-
lactic or treatment doses used. Despite these limitations, 
the findings of the present study reveal the clinically 
significant benefits of NOAC use in cancer patients who 
have Khorana score of 1 or above. Further studies with 
more clinically relevant data including laboratory results 
and a larger sample size representing each of the NOAC 
agents are warranted to guide risk-based personalized, 
risk-based approach in thromboprophylaxis in cancer 
patients.

Conclusions
NOACs showed substantial effects in preventing not only 
VTE complications, primarily DVT events, but also 
adverse bleeding events in both male and female cancer 
patients as well as those with a Khorana score ≥1, as 
compared to no-use. In contrast, no protective effects 
were found with warfarin compared to no-use in control-
ling the risk of thrombosis and adverse bleeding. DVT risk 
in those cancer patients exposed to high-risk chemother-
apy was significantly lower with NOACs than with war-
farin. NOACs can be an effective and safe 
thromboprophylactic option in both male and female can-
cer patients with increased risk for thrombosis 
complications.
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