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Abstract Background Venous thromboembolism (VTE) is associated with increasedmorbidity,
mortality, and health care expenditure. However, the comprehensive utilization of
anticoagulation therapy in patients with VTE, especially regarding active cancer, in real-
world practice remains unclear.
Objective To describe the prescription, persistence, and patterns of anticoagulation
therapy among patients with VTE stratified according to active cancer.
Methods Using Korean nationwide claims data, we identified an incident, treatment-naïve
cohort of patients with VTE from 2013 to 2019 and classified them according to the
presence/absence of active cancer.We explored the secular trends, treatment patterns (e.g.,
discontinuation, interruption, and switch), and persistence of anticoagulation therapy.
Results There were 48,504 and 7,255 patients without and with active cancer,
respectively. Non-vitamin K antagonist oral anticoagulants (NOACs) were the most
common anticoagulant in both groups (65.1 and 57.9%, respectively). The prescription
of NOACs increased steeply over time, regardless of active cancer, whereas parenteral
anticoagulants (PACs) plateaued and warfarin decreased sharply. A heterogeneous
pattern was observed between the groups without and with active cancer (3-month
persistence was 60.8, 62.9, 57.2, and 3.4%, respectively; 6-month persistence was
42.3, 33.5, 25.9, and 1.2% vs. 9.9%). Median durations of continuous anticoagulant
therapy for warfarin, NOAC, and PAC were 183, 147, and 3 days in nonactive cancer
patients, and 121, 117, and 44 days in active cancer patients.
Conclusion Our findings suggest that there were substantial differences in persis-
tence, patterns, and patient characteristics of anticoagulant therapy based on index
anticoagulant and active cancer.
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Introduction

Venous thromboembolism (VTE), which includes deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a major
cause of increased morbidity, mortality, and health care
expenditure. The incidence of VTE in the Asian population
is much lower than that of the global population (15 vs. 100–
200 cases per 100,000 people),1 indicating the presence of
substantial underlying differences between the Asian and
Western populations and the relative uncommonness of VTE
in Asia.2 Nevertheless, with the increase of VTE incidence in
Asia,3 there has been a growing interest in the therapeutic
management of VTE in recent years. Regarding the pharma-
cological treatment of VTE, the conventional guidelines have
recommended parenteral anticoagulants (PACs), followed by
vitamin K antagonists (VKAs). However, the introduction of
non-VKA oral anticoagulants (NOACs), which have exhibited
a noninferior efficacy and safety compared with convention-
al therapy in several trials, has dramatically shifted the
therapeutic paradigm in the context of VTE.4–7

In a transitional phase of the changes being made to
relevant guidelines for VTE, NOACs have attained the optimal
therapeutic position; however, the recommendations for
patients with active cancer have remained inconclusive
because of the complicated status of each patient and their
distinct hemodynamic characteristics compared with the
general population, as well as a lack of large-sized random-
ized clinical trials addressing patients with active cancer
exclusively.8–10 Because active cancer is an irrefutable risk
factor that increases the risk of VTE by more than twofold,11

appropriate prevention and management of VTE using more
convenient anticoagulants than PACs are highly imperative.

Fortunately, three large-scale phase III studies comparing
three NOACs with low-molecular-weight heparin (LMWH)
were conducted.12–14 Based on these results, the current
guidelines recommend the use of NOACs in patients with
active cancer without gastroesophageal lesions that cause
severe bleeding.15–17 However, the current guidelines are
generally based on data from Western populations, thus
rendering it challenging to apply them to the Asian popula-
tion directly; evidence from this population would be bene-
ficial forfilling knowledge gaps andguiding clinicians toward
better decision-making. Currently, as previous studies were
limited to specific populations or focused on either epidemi-
ology or patterns,3,18,19 there is a strong need for compre-
hensive research that reflects the persistence and patterns of
anticoagulant treatment according to the presence/absence
of active cancer in routine clinical practice.

Because of the limited real-world evidence on the treat-
ment patterns of different anticoagulants according to the
presence/absence of active cancer, especially among the
Asian population, we aimed to describe the sociodemo-
graphic and clinical characteristics of patients with VTE
stratified according to active cancer regarding their index
VTE treatment (warfarin-based, NOAC-based, and PAC-only
therapy) and to investigate the utilization of anticoagulants,
as well as the persistence, patterns, and overall duration of
treatment with these agents, in South Korea.

Methods

Data Sources
We used the records of the Health Insurance Review and
Assessment Service (HIRA) database of South Korea. The
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HIRA database includes health care utilization information
for all residents in South Korea, with anonymized patient
identifiers. Information on age, sex, diagnosis (ICD-10 [In-
ternational Classification of Diseases, 10th revision] diag-
nostic code, date of diagnosis, setting [inpatient, outpatient,
emergency department], and other parameters), and med-
ications dispensed/prescribed (national drug chemical code
based on the active ingredient, date of prescription, days’
supply, dose, route of administration, and other parameters)
is available in the HIRA database. A previous validation study
that compared the diagnosis codes recorded in HIRA with
those recorded in electronicmedical records found an overall
positive predictive value of 82.3%.20

Study Population
A retrospective, observational, nationwide population-based
cohort study was conducted to describe the persistence and
patterns of anticoagulants prescribed to patients with VTE.
The study cohort comprised patients aged�18 years at their
incident diagnosis of VTE from an inpatient or outpatient
setting between March 1, 2013 and June 30, 2019 who
received anticoagulation therapy within 30 days of their
VTE diagnosis (the detailed codes for identifying patients
with VTE are provided in ►Supplementary Table S1 [avail-
able in the online version]). Cohort entry was defined as the
date of diagnosis of incident VTE, and the index date was
defined as the date of first prescription of anticoagulants,
within 30 days after the cohort entry. Among these eligible
patients, the patientswith the following characteristics were
excluded: a record of VTE diagnosis within the 12-month
period prior to cohort entry; a diagnosis of atrial fibrillation,
atrial flutter, mechanical heart valve replacement, or mitral
stenosis any time prior to the index date; a record of inferior
vena cava filter any time prior to the index date; prescription
of anticoagulatory therapywithin the 12-month period prior
to cohort entry; a record of pregnancy within the 9-month
period before the index date; and prescription of two differ-
ent anticoagulants at the index date.

The baseline sociodemographic characteristics (e.g., age
and sex)were assessed at the index date,whereas the clinical
characteristics (i.e., comorbidities, use of co-medications,
Charlson comorbidity index [CCI], HAS-BLED scores, initial
presentation of VTE, and number of outpatient visits) were
assessed during the 6-month period prior to the index date.
As the diagnosis of antiphospholipid syndrome is usually
established after VTE diagnosis using additional diagnostic
procedures, antiphospholipid syndrome was evaluated
within the 6-month period after the index date (the overall
study scheme is depicted in ►Supplementary Fig. S1 [avail-
able in the online version]).

Design and Settings
All analyses were performed in two separate cohorts that
were stratified according to the presence/absence of active
cancer, because the hemodynamic status and treatment
guidelines in patients with active cancer differ considerably
from those of the general population. Active cancer was
defined as a first diagnosis of cancer (excluding nonmela-

noma skin cancer) with a unique domestic V code within the
6-month period prior to the index date, or ongoing anti-
cancer treatment (chemotherapy, radiation therapy, or can-
cer-related surgery) accompanied by a cancer diagnosis with
a Vcodewithin the 6months preceding the index date. The V
code was attributed to patients with a cancer diagnosis that
was confirmed by histopathological, cytological, radiologi-
cal, and immunological findings, as certified by the Korean
Ministry of Health andWelfare for reimbursement purposes
(the definitions of anticancer treatment are summarized in
►Supplementary Table S2 [available in the online version]).

Within each cohort, after stratification according to active
cancer, we described the patterns of anticoagulant therapy
throughout the follow-up, which was defined as the period
from the index date to the end of the study period (Decem-
ber 31, 2019; a minimum 6-month follow-up period is
secured on all study populations). Each individual was
discretely classified into three groups based on their index
anticoagulant treatment: (1) warfarin-based therapy, de-
fined as warfarin alone or onset of warfarin therapy within
14 days of PAC therapy; (2) NOAC-based therapy (i.e., apix-
aban, dabigatran, rivaroxaban, and edoxaban), defined as
NOAC alone or PAC followed by NOACwithin 14 days; and (3)
PAC-only therapy, defined as the use of unfractionated
heparin or LMWH for more than 14 days. Because in real-
world practice PACs can be initiated at an acute stage of
DVT/PE, before the clinical decision to use oral anticoagu-
lants, we introduced a 2-week window to distinguish be-
tween PAC bridging therapy and PAC-only treatment.

Treatment Patterns
The treatment patterns were classified into five mutually
exclusive events based on the occurrence of the first treatment
episode: (1) switch, defined as a prescription of another antico-
agulant therapythatwasstartedafter the initiationof treatment
with the index anticoagulant and within 30 days after the
estimated end of the supply of the index anticoagulant drug
(exposure to the newanticoagulant treatmentmust have lasted
for at least 30 days for its consideration as a treatment switch);
(2) discontinuation (complete discontinuation; no re-initia-
tion), defined as patients who ended their first continuous
treatment episode with the index anticoagulant treatment
without switching, and subsequently had no further prescrip-
tions for that specific anticoagulant treatment during all avail-
able follow-up time; (3) interruption (re-initiation), defined as
patientswhohadagapwithnonewtreatmentwithin30daysof
the estimated end of the drug supply, but subsequently
restarted the index treatment after this period; (4) death,
defined as patients who died during the first anticoagulant
treatment episode; and (5) persistence, defined as patientswho
were repeatedly prescribed the index anticoagulant until the
end of the study period and did not experience anyof the above
events (treatment switch, discontinuation, interruption, or
death). The duration of the first anticoagulant therapy was
defined as the period from the index date to the earliest of
the treatment events, i.e., switch, discontinuation, interruption,
death,or theendof thestudyperiod(persistence).Moreover,we
calculated the duration of continuous anticoagulant therapy,
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which was defined as the persistence of treatment while
allowing for switching between anticoagulants. This estimate
provides an accurate representation of the actual treatment
duration for patients with VTE.

Statistical Analysis
The baseline characteristics were summarized using the
mean value with standard deviation or the median value
with interquartile range (IQR) for continuous variables, and
using counts (proportions) for categorical variables in the
three treatment groups of interest: the warfarin-based
group, the NOAC-based group, and the PAC-only group. An
analysis of variance and the chi-squared test were used to
analyze continuous and categorical variables, respectively.
We assessed the temporal trend in the anticoagulation
therapy for VTE between March 1, 2013 and June 30, 2019.
The proportions of the index oral anticoagulants were esti-
mated according to calendar year and quarters. To describe
the patterns of anticoagulant therapy, we summarized the
number and proportion of patients who experienced treat-
ment switch, discontinuation, and interruption during their
follow-up according to the index anticoagulant treatment.
The duration of the first anticoagulant therapy and the
duration of continuous anticoagulant therapy for each of

the index anticoagulant treatments were summarized using
the median [IQR]. We analyzed treatment persistence for
each anticoagulant using the Kaplan–Meier method, to
derive the treatment distribution over time. The treatment
persistence rate was calculated at 3 and 6 months, with the
log-rank test being used at these time points to assess the
statistical significance of the differences between the sur-
vival curves. p-Values <0.05 were regarded as statistically
significant. All analyses were performed using SAS Enter-
prise Guide 7.1 (SAS Institute Inc., Cary, North Carolina,
United States).

Results

Study Populations and Characteristics
Of the 104,470 patients with VTE recorded in South Korea
between 2013 and 2019 who were eligible, we identified
55,759 incident patientswho initiated anticoagulant therapy
within 30 days of diagnosis (►Fig. 1). There were 48,504 and
7,255 patients in the groups without and with active cancer,
respectively. Most patients were aged �65 years, regardless
of cancer status, and the female sexwasmore common in the
groupwithout active cancer; in contrast, patientswith active
cancer exhibited similar sex proportions. NOAC-based

Fig. 1 Inclusion and exclusion criteria of the study. �Record of active cancer was defined as a first diagnosis of cancer with a V code within
the 6-month period prior to the index date; or receiving anticancer treatment under a cancer diagnosis with a V code within the 6-month period
prior to the index date. †Warfarin-based therapy included either a PAC with warfarin or warfarin alone. ‡NOAC-based therapy included either
a PAC with a NOAC or a NOAC alone. HIRA, Health Insurance and Review Assessment service; LMWH, low-molecular-weight heparin; NOAC,
non-vitamin K antagonist; PACs, parenteral anticoagulants; VTE, venous thromboembolism.
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therapy was the predominant anticoagulant therapy in both
patient groups, without (n¼31,564 [65.1%]) and with
(n¼4,204 [57.9%]) active cancer; the proportion of initial
PAC therapy was more frequent (twofold) among patients
with compared with those without active cancer, thus
revealing distinct patterns according to the presence of
active cancer (30.8 vs. 13.5%) (►Tables 1 and 2).

Clear differences in patient characteristics were observed
according to the presence of active cancer; for instance, PE as
the index VTE event was more common in patients with
active cancer than in those without it (�70 vs. 60%). In the
group without active cancer, patients who received initial
PAC therapy were the oldest (mean age: 68.9 years), had the
highest CCI (mean: 1.45) and HAS-BLED (mean: 2.26) scores.
In turn, in the active cancer group, patients who received
initial PAC therapy were the youngest (mean age: 65.4 years)
and had the lowest HAS-BLED score (mean: 2.23). The
characteristics of patients who received initial warfarin- or
NOAC-based therapies were largely similar, regardless of the
presence of active cancer.

Secular Trends in Initial Anticoagulant Therapy Over
Time
Regardless of the presence of active cancer, themost common
anticoagulant treatment was NOAC-based therapy, with a
steep increase of initial therapy using these agents noted
over time (►Fig. 2). In contrast, a relative trend toward a
plateauwas observed inpatientswho received initial PAC-only
therapy, anda sharplydecreasing trendwasobserved for those
who received initial warfarin treatment. Since their introduc-
tion, NOACs have replaced the market share of warfarin.
Among the patients without active cancer, approximately
10% initiated therapy with NOACs in the first quarter of
2013; in turn, over time, this proportion increased to approxi-
mately 80%. This trend was also observed in patients with
active cancer; however, the proportion of patients who re-
ceived initial PAC therapy in the active cancer group was
approximately 30 to 40%, indicating differences compared
with the group without active cancer. Among the patients
who received NOACs initially, rivaroxaban was the most
common agent, followed by apixaban, edoxaban, and

Table 1 Baseline characteristics among venous thromboembolism patients without active cancer by their index anticoagulant
treatment

Characteristics Warfarin-based
therapy

NOAC-based
therapy

PAC only p-Valuea

N¼ 10,390
(21.4%)

N¼31,564
(65.1%)

N¼ 6,550
(13.5%)

Age (y; mean� SD) 66.4 16.7 67.5 16.1 68.9 16.3 <0.0001

Age group (y; n, %)

18–40 974 9.37 2,591 8.20 527 8.04 <0.0001

40–65 2,920 28.1 8,414 26.6 1,643 25.0

�65 6,496 62.5 20,559 65.1 4,380 66.8

Sex (n, %)

Male 4,412 42.4 12,694 40.2 2,879 43.9 <0.0001

Female 5,978 57.5 18,870 59.7 3,671 56.0

Index VTE event (n, %)

DVT only 4,232 40.7 14,372 45.5 2,822 43.1 <0.0001

PE with/without DVT 6,158 59.3 17,192 54.5 3,728 56.9

Major orthopaedic surgery-provoked VTE 183 1.76 654 2.07 119 1.82 0.0891

Index year (n, %)

2013 3,035 29.2 1,089 3.45 804 12.2 <0.0001

2014 2,631 25.3 2,999 9.50 955 14.5

2015 1,664 16.0 4,608 14.5 1,012 15.4

2016 1,188 11.4 5,719 18.1 1,118 17.0

2017 939 9.03 6,443 20.4 1,116 17.0

2018 679 6.53 7,063 22.3 1,021 15.5

2019 254 2.44 3,643 11.5 524 8

HAS-BLED score (mean� SD) 2.19 1.16 2.19 1.11 2.26 1.18 <0.0001

Abbreviations: IQR, interquartile range; NOAC, non-vitamin K antagonist oral anticoagulant; PAC, parenteral anticoagulants; SD, standard deviation.
aAnalysis of variance (ANOVA) was conducted for continuous variables; Chi-square tests were conducted for categorical variables.
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dabigatran, regardless of active cancer, with apixaban and
edoxaban showing increasing trends after reimbursement for
VTE in the second quarter of 2015 (►Supplementary Fig. S2,

available in the online version).

Persistence and Patterns of Anticoagulant Therapy
Treatmentpersistencewashighest intheNOACgroupat3months
(62.9 and 57.2%), followed by warfarin at 6 months (42.3 and
26.5%) in patients with and without active cancer, respectively

Table 2 Baseline characteristics among venous thromboembolism patients with active cancer by their index anticoagulant treatment

Characteristics Warfarin-
based therapy

NOAC-based
therapy

PAC only p-Valuea

N¼818
(11.3%)

N¼ 4,204
(57.9%)

N¼ 2,233
(30.8%)

Age (y; mean� SD) 69.4 11.0 68.3 11.4 65.4 11.7 <0.0001

Age group (y; n, %)

18–40 7 0.85 78 1.85 59 2.64 <0.0001

40–65 232 28.3 1,322 31.4 927 41.5

�65 579 70.7 2,804 66.6 1,247 55.8

Sex (n, %)

Male 424 51.8 2,204 52.4 1,138 50.9 0.5344

Female 394 48.1 2,000 47.5 1,095 49.0

Index VTE event (n, %)

DVT only 264 32.3 1,197 28.5 735 32.9 0.0005

PE with/without DVT 554 67.7 3,007 71.5 1,498 67.1

Major orthopaedic surgery-provoked VTE 2 0.24 14 0.33 6 0.27 0.8586

Index year (n, %)

2013 253 30.9 165 3.9 244 10.9 <0.0001

2014 213 26.0 441 10.5 366 16.4

2015 131 16.0 554 13.2 381 17.1

2016 79 9.7 747 17.8 361 16.2

2017 79 9.7 810 19.3 355 15.9

2018 47 5.8 945 22.5 358 16.0

2019 16 2.0 541 12.9 168 7.5

HAS-BLED score (mean� SD) 2.45 1.11 2.39 1.12 2.23 1.17 <0.0001

Abbreviations: IQR, interquartile range; NOAC, non-vitamin K antagonist oral anticoagulant; PAC, parenteral anticoagulants; SD, standard deviation.
aAnalysis of variance (ANOVA) was conducted for continuous variables; Chi-square tests were conducted for categorical variables.

Fig. 2 Secular trends in the initial anticoagulant therapy in patients with venous thromboembolism stratified according to the
presence/absence of active cancer.
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(►Table 3). In patients without active cancer, a remarkably low
persistence was observed at 3 (3.4%) and 6 (1.2%) months,
whereas the 3- and 6-month persistence in patients with active
cancerwas30.1and9.9%, respectively, indicatingcleardisparities
according to the presence/absence of active cancer. Treatment
patternswithin 3 or 6months of initial therapy showed decreas-
ing trendsofpersistenceand increasing trendsofdiscontinuation
over time, regardlessofactivecancer.Themediandurationoffirst
anticoagulant therapy was similar between warfarin (139 days)
and NOAC (140 days) users, whereas a relatively short duration
was observed in PAC-only users (3 days). In patients with active
cancer, the median duration of first anticoagulant therapy was
shorter than thatobserved inpatientswithoutactivecancer,with
the exception of PAC-only users (34 days). However, the median
duration of continuous anticoagulant therapy among warfarin,
NOAC, and PAC were 183, 147, and 3 days in nonactive cancer
patients, and 121, 117, and 44 days in active cancer patients,
respectively, showing the longer duration of treatment when
considering treatment switch. Kaplan–Meier plots of the persis-
tenceof theindexanticoagulantexhibitedsimilarcurvesbetween
users of warfarin and NOACs until 6 months in the patients
without active cancer, whereas a steep decrease in persistence
was observed in NOAC users at 6 months because of changes in
the reimbursement criteria in South Korea, as NOAC therapy
prescribed for >6 months was not reimbursed before 2019
(►Fig. 3). Among patients with active cancer, NOACs showed a
higher persistence compared with warfarin; nevertheless, a
similar decreasing trend was observed after 6 months. Kaplan–
Meier plots of the time to nonpersistence for all types of
treatment patterns are presented in (►Supplementary Fig. S3

available in the online version).
Among the treatment-naïve anticoagulant users, 45,240

(93.3%) patients without active cancer and 6,522 (89.9%)
patients with active cancer did not remain on their index
anticoagulant during the follow-up. Treatment discontinua-
tionwas themost common type of treatment nonpersistence
in both groups, followed by treatment interruption and
switch. The rate of discontinuation was highest among PAC

users in both groups (�65%), whereas that of interruption
was highest among warfarin users (33%) in the group with-
out active cancer, but was similar (�20%) between anti-
coagulants in the groupwith active cancer. Treatment switch
was most frequent in warfarin users in both the groups
without (14.8%) and with (17.6%) active cancer
(►Supplementary Tables S3, available in the online version),
with 95.4 and 68.1% of patients switching to NOAC-based
therapy, respectively (►Supplementary Table S4, available in
the online version). Most patients who received NOAC ther-
apy initially (90.7%) switched to warfarin in the group
without active cancer, whereas only half of them (48.6%)
switched towarfarin in the active cancer group. In turn, PAC-
only users mostly switched to NOACs in the groups without
(77.6%) and with (82.7%) active cancer. The proportion of
patients who switched to PAC therapy from other initial
anticoagulant therapies was relatively higher in patients
with active cancer compared with those without active
cancer.

Discussion

This nationwide cohort study including more than 55,000
patients with VTE who were stratified according to the
presence/absence of active cancer found that NOACs held a
dominant position in the management of VTE, regardless of
the presence of active cancer, in routine clinical practice.
Although patients in the group without active cancer who
received NOAC and warfarin therapy initially presented a
similar 3-month persistence level (62.9 and 60.8%, respec-
tively), the 3-month persistence of NOAC therapy (57.2%)
was higher than that of warfarin (47.4%) in the group with
active cancer. In nonactive cancer patients, the median
duration of continuous anticoagulant therapy was relatively
longer for warfarin and NOAC compared with that of active
cancer patients (183 vs. 121 days for warfarin and 147 vs.
117 days for NOAC). On the other hand, the duration for PAC
initiators in active cancer patients was longer than that in

Fig. 3 Kaplan–Meier plot showing the persistence of treatment with the index anticoagulant among patients with venous thromboembolism
who were stratified according to the presence/absence of active cancer. p-Values for the overall Kaplan–Meier curve and for each individual
index anticoagulant comparison were <0.0001 at 3 and 6 months, regardless of active cancer. The Scheffé’s method was applied to adjust
multiple comparisons for the log-rank test. NOAC, non-vitamin K antagonist oral anticoagulant; PAC, parenteral anticoagulant.
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nonactive cancer patients (44 vs. 3 days). The patterns of
treatment switch varied according to the presence/absence
of active cancer, as follows: <10% of the patients who
received warfarin or NOACs initially switched to PACs in
the group without active cancer, whereas >30% of these
patients switched to PACs in the group with active cancer;
the rate of switching to NOACs from warfarin or PACs was
also lower in the latter group.

The temporal trends of initial anticoagulant therapy in the
groupwithout active cancer indicated decreases for warfarin
but increases for NOACs, a trend that was consistent with
that reported in several previous studies.21–24 In particular,
rivaroxabanwas themost prescribedNOACacross all studies,
likely because of the rapid market access and preference
toward a once-daily dosing regimen.25 Sizeable proportions
of noncancer patients who initiated PAC were observed in
our study. Based on a previous study in Korea, 19.5% of
noncancer patients initiated PACs, supporting our findings
and representing routine clinical practice of PAC utiliza-
tion.26 Interestingly, initial PAC therapy in patients with
VTE with active cancer was substantial, which may be a
good reflection of the clinical guidelines for optimizing
anticoagulation therapy.27,28 However, because the recently
amended American Society of Hematology guidelines now
recommend NOACs over PACs as the initial and short-term
treatment for patientswith VTEwith active cancer,29 slightly
different trends that reflect these guideline updates are
expected, thus warranting further research using more
recent data.

Differential trends of PAC initial therapy were observed
across countries. Although the patients who received PAC
therapy initially in this study presented largely consistent
trends (�20%), a U.S. study found a dramatic threefold
increase in PAC use (from �20 to 60%) between 2010 and
2017.30 In turn, regardless of active cancer, initial therapy
with apixaban and edoxaban exhibited increasing trends
after reimbursement for VTE in this study. These trends could
be explained by the growing body of evidence suggesting
better comparative effectiveness and safety for apixaban
versus rivaroxaban,31,32 whereas for edoxaban, better safety
profiles have been demonstrated in previous trials that
included relatively larger proportions of Asian individuals.6

The observed 3- and 6-month persistence of each anti-
coagulation therapywas somewhat lower than that reported
previously. One systematic review that included 12 observa-
tional studies of anticoagulant persistence reported values of
83 and 62% at 3 and 6months, respectively.33 In linewith the
results of the systematic review, the 3- and 6-month treat-
ment persistence for VTE indication was greater than 90 and
70%, respectively, in a Danish study.34However, those studies
were based on Western populations. Thus, the difference in
persistence observed between our study and previous stud-
ies likely suggests potential gaps in knowledge in routine
practice. Another possible explanation for the substantially
low 6-month persistence of NOACs could be the reimburse-
ment criteria implemented in South Korea, as NOACs pre-
scribed for >6 months were not reimbursed until recently
(February 2019). Regarding PACs, the persistence of this

therapy was considerably lower than that detected for the
other anticoagulants, especially among the patientswithVTE
without active cancer, resulting in a high rate of discontinu-
ation. This finding may be attributed to either a poor
compliance with injection regimens or the occurrence of
premature death following fatal PE or active cancer.35,36

Lastly, the high discontinuation rate observed for NOAC-
based therapy may reflect the current guidelines recom-
mending discontinuation after 3 to 6 months of initial anti-
coagulation therapy.27,29

The strengths of this study included the fact that, to our
knowledge, this was the first study that investigated the
various treatment patterns, including persistence, discontin-
uation, interruption, and switch, of anticoagulant treatment
for VTE according to the presence/absence of active cancer.
Second, we also used a nationwide database that provided
comprehensive health care-related information for all do-
mestic residents of Korea, accompanied by a highly accurate
code to define active cancer, thereby assuring the validity of
this study. Third, our study provides evidence on the treat-
ment patterns of anticoagulants in both cancer and non-
cancer patients. Fourth, as most anticoagulant usage
guidelines are based on Western populations, presenting
the utilization patterns of anticoagulants in non-Western
populations can help bridge the knowledge gap between
these two populations. However, this study also had limi-
tations. First, exposure misclassificationwas possible during
the classification of the index anticoagulants and the assess-
ment of treatment patterns. For instance, oral anticoagulants
can be prescribed after 5 to 10 days of PAC bridging therapy
in real-world practice.28 However, we minimized exposure
misclassification by setting this bridging therapy period as
2 weeks. Second, because of the inherent nature of claims
data,we could not evaluatewhether the patient actually took
the drug that was prescribed/dispensed; this could have
resulted in differences between the observed values and
the real-world situation. Third, we could not accurately
investigate the exact reasons behind each type of anticoagu-
lant treatment nonpersistence, i.e., whether those decisions
weremadeby clinicians because of the occurrence of adverse
events or whether they were based on other causes. Howev-
er, our findings were largely consistent with the previous
research using electronic medical records from eight tertiary
hospitals in Korea with respect to the proportion of antico-
agulant initiators and treatment duration.18 Fourth, the
reimbursement criteria for NOACs that were in place during
our study period could limit the validity of long-term per-
sistence in this study. However, because the recommended
treatment period for NOACs inmost clinical practice settings
is <6 months, this effect was likely minimal; nevertheless,
further research is needed to reflect those reimbursement
criteria. Another potential limitation of our study is that
health care practitioners’ prescribing behavior may have
been influenced by changes in the guidelines for VTE treat-
ment over time, particularly with the introduction of NOAC.
This may have affected the overall duration of treatment and
should be considered when interpreting our results. Finally,
despite the use of nationwide data, the number of patients
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with VTE was relatively small, which may limit the gener-
alizability of the findings to Asian patient populations of
other ethnicities or in other clinical settings.

Conclusion

Thesefindings revealed the distinct persistence and patterns
of anticoagulant treatment initiation and subsequent treat-
ment nonpersistence in patients with VTE according to the
presence/absence of active cancer. Although the treatment
patterns were largely consistent with the contemporary
guidelines, continuous research aimed at facilitating the
improved adoption and application of evolving guidelines
in clinical practice would be needed. Given the limited data
available on this clinically significant issue, especially in
patients with VTE with active cancer, these findings provide
important data from routine care settings that could aid
clinicians in optimizing anticoagulation therapy for patients
with VTE with and without active cancer.
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