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Simple Summary: This prospective phase II trial evaluated the safety and efficacy of direct oral anti-
coagulants (DOACs) versus subcutaneous dalteparin for cancer-associated venous thromboembolism
(CA-VTE) in patients with high-risk cancer types and currently active advanced cancers. The clinically
relevant bleeding (CRB) as the primary endpoint and major bleeding (MB) more occurred in the
DOAC group than in the dalteparin group, and the hazard ratio for CRB and MB was approximately
three and four times more in the DOAC group than in the dalteparin group. Cancer involvement at
the GI mucosa was also a significant risk factor for CRB. The extra caution is necessary when using
DOAC therapy for CA-VTE in patients with advanced upper gastrointestinal (GI) tract, hepatobiliary,
or pancreatic cancer.

Abstract: Background: We evaluated the safety and efficacy of direct oral anticoagulants (DOACs)
versus subcutaneous dalteparin for cancer-associated venous thromboembolism (CA-VTE) in patients
with advanced upper gastrointestinal (GI) tract, hepatobiliary, or pancreatic cancer. Methods: This
was a multicenter, randomized, open-label, phase II trial in five centers. Patients randomly received
rivaroxaban (15 mg twice daily for 3 weeks, then 20 mg once daily)/apixaban (10 mg twice daily
for the first 7 days, then 5 mg twice daily) or dalteparin (200 IU/kg once daily for the first month,
then 150 IU/kg once daily). Randomization was stratified by the Eastern Cooperative Oncology
Group Performance Status, primary cancer type, active chemotherapy, and participating centers. The
primary endpoint was the rates of clinically relevant bleeding (CRB) in the full analysis set (FAS).
Results: A total of 90 patients were randomly assigned to the DOAC (n = 44) and dalteparin groups
(n = 46) in FAS. CRB and major bleeding (MB) rates were 34.1% and 13.0% (p = 0.018) and 18.2% and
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4.3% (p = 0.047) for the DOAC and dalteparin groups, respectively. Time to CRB and MB was higher
in the DOAC group than in the dalteparin group (hazard ratio [HR] 2.83; p = 0.031 and HR 4.32;
p = 0.064). Cancer involvement at the GI mucosa was also a significant risk factor for CRB. Recurrent
CA-VTE occurred in 2.3% and 2.2% of patients given DOAC and dalteparin, respectively (p = 1.000).
Conclusion: DOAC therapy further increased the risk of bleeding compared with dalteparin in
patients with active advanced upper GI tract, hepatobiliary, or pancreatic cancer, suggesting that
extra caution should be taken when selecting anticoagulants for CA-VTE.

Keywords: dalteparin; rivaroxaban; apixaban; venous thromboembolism; gastrointestinal tract
cancer; hepatobiliary cancer; pancreatic cancer

1. Introduction

Cancer-associated venous thromboembolism (CA-VTE) is a major and potentially
life-threatening complication in cancer patients [1]. As cancer itself presents the risk
of recurrence, aggravation, or bleeding during anticoagulation, balancing these risks is
challenging when using anticoagulation therapy for CA-VTE [2,3]. Furthermore, tumor
type, anticancer treatment, and patient organ function are associated with thrombosis and
bleeding [4–6]. Cancer-specific studies to evaluate the efficacy and safety of anticoagulation
therapy are necessary for optimal management of CA-VTE.

Low-molecular-weight heparin (LMWH), such as dalteparin, has been the standard
treatment for CA-VTE, and it has better, or similar, efficacy and safety compared to vitamin
K antagonists (warfarin) maintenance in cancer patients [7–9]. Following recent clinical
studies comparing DOAC with LMWH, including the Hokusai VTE cancer [10], SELECT-
D [11], Caravaggio [12], and ADAM-VTE [13] trials, the latest guidelines issued in 2020 by
the National Comprehensive Cancer Network (NCCN) and American Society of Clinical
Oncology (ASCO) [14] recommend direct oral anticoagulants (DOACs) such as edoxaban,
rivaroxaban, and apixaban as treatment options equivalent to LMWH. However, concerns
about the bleeding risk of DOAC therapy have been continuously raised. Furthermore,
more caution is required when using DOAC therapy for gastrointestinal (GI) tract cancers,
particularly upper GI cancers. The cancer-specific clinical trials comparing DOAC and
LMWH included highly heterogeneous cancer types and patients without current cancer
lesions during anticoagulation [10–13]. As such, the treatment outcomes, especially the
safety of DOACs, need to be evaluated in patients with current active lesions and cancer
types that pose a high bleeding risk. Our previous retrospective study focusing on advanced
unresectable/metastatic upper GI or hepatopancreatobiliary cancer demonstrated that
rivaroxaban was associated with increased risk of major bleeding (MB) (17.4% vs. 7.6%;
p = 0.072) and clinically relevant bleeding (CRB) (31.9% vs. 14.3%; p = 0.019) compared
with LMWH and high risk of VTE and bleeding [15]. Therefore, we aimed to prospectively
evaluate the safety and efficacy of DOACs compared with those of dalteparin as a treatment
for CA-VTE in patients with currently active and advanced upper GI tract, hepatobiliary,
and pancreatic cancer.

2. Material and Methods
2.1. Study Design and Participants

This study was a multicenter, open-label, randomized, controlled phase II trial con-
ducted across five institutions in Korea. Inclusion criteria included patients aged ≥19
and <80 years old, with histologically confirmed, advanced upper GI tract, hepatobil-
iary, and pancreatic cancer, and newly diagnosed (within 2 weeks before randomization)
symptomatic or incidental lower extremity or upper extremity (jugular, innominate, sub-
clavian, axillary, brachial) deep vein thrombosis (DVT) or pulmonary thromboembolism
(PTE). VTE was documented by computed tomography (CT), ultrasonography, or perfu-
sion scan. Advanced cancer indicated a currently active localized unresectable disease
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(nonmetastatic) and metastatic disease, which was subject for anticancer treatment. Diag-
nostic criteria of VTE are listed in Supplementary Table S1. Adequate coagulation (platelet
count ≥75,000/µL, prothrombin time/international normalized ratio ≤2, activated par-
tial thromboplastin time ≤1.5 × the upper limit of normal (ULN)), hepatic (aspartate
aminotransferase or alanine aminotransferase ≤3 × ULN (≤5 × ULN in the presence of
liver metastases)), and renal function (calculated creatinine clearance ≥30 mL/min) were
required. The major exclusion criteria included taking anticoagulant therapy for more
than three days prior to randomization, any dose of thrombolysis therapy, continuous
antiplatelet agent use, a history of VTE, hemodynamic unstable PTE, current active bleed-
ing or uncontrolled bleeding history within 4 weeks before randomization, liver cirrhosis
(Child–Pugh score ≥ 7), uncontrolled hypertension, and brain metastasis.

This study was approved by the institutional review board of each participating
center and conducted in accordance with the Declaration of Helsinki and Good Clinical
Practice. All patients provided written informed consent. This trial was registered on
http://www.clinicaltrials.gov (accessed on 4 May 2017) with the identifier NCT03139487.

2.2. Randomization and Trial Intervention

Eligible patients were randomly assigned (1:1) to the DOAC (rivaroxaban or apixaban)
or dalteparin group. Randomization was centrally performed through an interactive online
system and stratified according to the Eastern Cooperative Oncology Group Performance
Status (ECOG PS 0–1 vs. ≥2), primary cancer type (GI tract cancer vs. others), active
chemotherapy (yes vs. no), and participating centers (Asan Medical Center vs. others). In
the DOAC group, the choice of either rivaroxaban or apixaban was at the discretion of the
treating physician.

DOACs (rivaroxaban or apixaban) or dalteparin were administered according to
standard dosing schedules: 15 mg rivaroxaban was administered orally twice daily for the
first 21 days, followed by 20 mg once daily; 10 mg apixaban was administered orally twice
daily for the first 7 days and 5 mg twice daily thereafter; and 200 IU/kg dalteparin was
administered subcutaneously once daily for the first 30 days with a maximum daily dose of
18,000 IU, followed by 150 IU/kg. The standard dosing schedules of anticoagulation were
determined by the latest version of NCCN and ASCO guidelines based on pivotal trials
regarding CA-VTE [14]. The dosages could be temporarily withheld or reduced in case
of a platelet count lower than 75,000/µL, clinical evidence of bleeding, or any condition
associated with an increased risk of bleeding according to the protocol. In all patients,
DOAC or dalteparin treatment was to be continued for 6 months and then discontinued
unless VTE persisted or recurred.

2.3. Outcomes

The primary safety outcome was CRB incidence during the 6-month study. Secondary
safety outcomes included incidence of major bleeding and total bleeding. CRB was classi-
fied into MB and clinically relevant nonmajor bleeding, as reported previously [11,15,16]
(Table S1). MB was defined as acute and clinically overt bleeding accompanied by one or
more of the following: contribution to death, occurrence in critical sites such as intracra-
nial or retroperitoneal sites, a decrease of ≥2 g/dL in hemoglobin levels, or the need for
transfusion of ≥2 units of red blood cells. If the criteria for MB were not fulfilled, clinically
relevant nonmajor bleeding was defined as acute and clinically overt bleeding with one
or more of the following: the need for medical intervention, unscheduled contact with a
physician, interruption or discontinuation of anticoagulation, or impairment of activities
of daily life. Minor bleeding was defined as overt bleeding not meeting the criteria for
CRB. Total bleeding was defined as all reported bleeding, regardless of severity. Adverse
events experienced from study entry until 30 days after the end of the study were recorded
according to the National Cancer Institute Common Terminology Criteria for Adverse
Events (version 4.03).

http://www.clinicaltrials.gov
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The secondary safety outcomes were time to bleeding (MB, CRB, total bleeding), and
efficacy outcomes were the rate and time to symptomatic or incidental thromboembolic
recurrence, including DVT or PTE in the lower or upper extremities (jugular, innominate,
subclavian, axillary, brachial). These were objectively confirmed on CT, ultrasonography, or
perfusion scan. An arterial thromboembolism during anticoagulation, such as myocardial
or cerebral infarction or peripheral arterial embolism, was also classified as a secondary
efficacy event.

Although the study protocol did not specify central adjudication of the study outcomes,
an investigator-reported major bleeding and clinically relevant bleeding were subsequently
adjudicated by a central committee before the interim analysis, although it was not blinded
for treatment allocation.

2.4. Surveillance and Follow-Up

Patients were scheduled to visit clinics at enrolment and every 2–4 weeks during
anticoagulation treatment, which was planned because the study population consisted of
advanced or metastatic cancer patients subject for chemotherapy usually requiring clinic
visit every 1–4 weeks, and then followed up every 3 months for 1 year or until death.
Additional visits were temporarily planned if bleeding events or new symptoms of VTE
occurred or if the investigator determined that evaluation was needed. Clinical examina-
tion and laboratory testing, including complete blood count, chemistry, and prothrombin
time/activated partial thromboplastin time, were performed every visit, and imaging
tests including CT, ultrasonography, or lung perfusion scan were performed at study
completion or any time when patients had symptoms suggesting recurrent/aggravated
CA-VTE. The regular CT scans were performed 6–8 weeks for disease evaluation as a part
of routine practice in patients with chemotherapy, and at least every 3 months in patients
without chemotherapy.

2.5. Statistical Analysis

We hypothesized that the rate of CRB events would be higher in the DOAC group
than in the dalteparin group, with an expected difference of 15% based on our previous
study [15]. We planned to enroll 164 patients (82 to each arm), assuming CRB incidence
of 14% in the dalteparin group and 29% in the DOAC group during the 6-month antico-
agulation period (with 80% power at a one-sided type I error rate of 0.1 and 5% dropout
rate). One prespecified interim analysis was planned for superiority of dalteparin over
DOAC in terms of safety, with a prespecified significant, one-sided p value (<0.020) for the
date at which half of the expected CRB (n = 19/37) occurred. At the time of database lock
for interim analysis, 21 patients developed CRB (56.7% expected CRB) among 92 patients
enrolled; the boundary for declaring superiority for CRB (i.e., lower CRB) was adjusted to a
one-sided p value < 0.027, based on the O’Brien–Fleming type alpha spending function [17].

Interim analysis was conducted in the intention-to-treat (ITT) set, which was defined
as all patients who met the inclusion/exclusion criteria and were randomly assigned. The
results of interim analysis were reviewed by an independent data monitoring committee
(IDMC), and the trial was to be stopped early if dalteparin showed superior safety to DOAC
in the primary outcome. An independent statistician prepared and presented summary
data for the interim analysis to IDMC, which was composed of three independent medical
oncologists and one independent statistician. The final analysis was performed in the FAS,
defined as patients with at least one dose of the assigned treatment after randomization and
meeting inclusion/exclusion criteria, when the last enrolled patient was followed up for at
least 6 months. The robustness of the results was confirmed in the ITT set. Four patients
switched anticoagulants before any total event at the patients’ preferences; as such, the
dataset according to the administered drug during bleeding events was also analyzed,
and prespecified subgroup analyses were performed based on age, sex, concurrent active
chemotherapy, and presence of gastrointestinal mucosal invasion. The cancer involvement
at the GI mucosa indicated primary cancer lesion itself, cancer invasion on adjacent GI
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mucosa, or metastatic mucosal lesion from non-GI tract cancer, which were determined by
the endoscopy.

The chi-square test or Fisher’s exact test was used for categorical, and Mann–Whitney
U-test for quantitative data, respectively. The time to event was calculated from the date of
randomization to the dates of the first bleeding episode and recurrent CA-VTE. Patients
without any event were censored at the time of the last follow-up. The Kaplan–Meier
curves were used to estimate the time to event and compared using the log-rank test. Cox
proportional hazards models were used to estimate the correlation between the anticoagu-
lation type and the time to event. Multivariate analysis included age, sex, and significant
factors (p < 0.1) in the univariate analysis. A one-sided p value < 0.027 was considered
significant for the evaluation of CRB rates as the primary endpoint between groups, and a
two-sided p value < 0.05 was considered significant for the other all statistical analysis.

3. Results
3.1. Patient Characteristics

Between August 2017 and June 2020, a total of 93 patients were screened from five
sites in Korea. One patient who failed the screening test was excluded, and 92 patients were
randomly assigned to either the DOAC (n = 45) or dalteparin group (n = 47) (Figure 1). One
patient in each group withdrew from the trial before drug administration. Consequently,
90 patients (44 in the DOAC group and 46 in the dalteparin group) were included in
the final safety and efficacy analysis. The database was locked on December 2020, and
final analysis was performed. The baseline characteristics of the patients in FAS were
reasonably comparable between groups (Table 1). There were symptomatic CA-VTE
(n = 46, 51.1%) and incidental CA-VTE (n = 44, 48.9%). Among 23 patients with DVT,
most of the patients had lower extremities DVT except for only two right internal jugular
DVT in the dalteparin group. Most patients had metastatic disease (78.9%) and received
palliative chemotherapy during anticoagulation (90.0%). The median duration of the
assigned treatment was 146 days (interquartile range, 42–183 days) in the DOAC group and
155 days (interquartile range, 62–183 days) in the dalteparin group (p = 0.583). Sixty-two
patients (67.4%) completed 6 months of treatment. The main reason for not completing the
treatment in both arms was cancer-related death (Figure 1).

Table 1. Baseline characteristics in full analysis set.

DOAC (n = 44) Dalteparin (n = 46) p

Median age, years (range) 64 (39−77) 63 (42−78) 0.864
Sex 0.662

Male 25 (56.8) 23 (50.0)
Female 19 (43.2) 23 (50.0)

BMI 22.5 ± 3.3 22.4 ± 3.1 0.916
CA-VTE 0.250

Deep vein thromboembolism 4 (9.1) 10 (21.7)
Pulmonary thromboembolism 35 (79.5) 32 (69.6)

Both 5 (11.4) 4 (8.7)
Tumor types 0.453

Esophageal cancer 8 (18.2) 5 (10.9)
Gastric cancer 19 (43.2) 18 (39.1)

Ampulla of vater cancer 1 (2.3) 1 (2.2)
Duodenal cancer 0 (0) 1 (2.2)

Hepatocellular carcinoma 2 (4.5) 0 (0)
Biliary cancer 8 (18.2) 9 (19.6)

Pancreatic cancer 6 (13.6) 12 (26.1)
ECOG PS 0.662

0–1 37 (84.1) 36 (78.3)
≥2 7 (15.9) 10 (21.7)
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Table 1. Cont.

DOAC (n = 44) Dalteparin (n = 46) p

Metastatic disease 38 (86.4) 33 (71.7) 0.122
Chemotherapy during anticoagulation 41 (93.2) 40 (87.0) 0.486

Lines of chemotherapy during
anticoagulation * 0.447

First-line 24 (58.5) 28 (70.0)
Second-line 12 (29.3) 7 (17.5)

Third or later line 5 (12.2) 5 (12.5)
Radiotherapy during anticoagulation 2 (4.5) 1 (2.2) 0.969

Abbreviation: DOAC, direct oral anticoagulant; BMI, body mass index; CA-VTE, cancer-associated venous
thromboembolism; GI, gastrointestinal; ECOG PS, Eastern Cooperative Oncology Group Performance Status.
* Percentages were calculated from 81 patients treated with chemotherapy during anticoagulation.
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Figure 1. Consort diagram.

3.2. Primary Safety Outcomes

The interim analysis for the primary safety outcome was conducted in August 2020 for
the 92 enrolled patients based on data as of June 2020 (median follow-up, 13.0 months). The
IDMC recommended early termination of the study according to the prespecified stopping
criteria on the basis of superiority, with 21 (53.8%) of the expected 39 CRB events reported.
The primary outcome of CRB occurred in 15 of 44 patients (34.1%) in the DOAC group
and in 6 of 46 patients (13.0%) in the dalteparin group (p = 0.018). MB occurred in eight
patients (18.2%) in the DOAC group and in two patients (4.3%) in the dalteparin group
(p = 0.047) (Table 2). The most common CRB site was the GI tract (52.4%, 6/21) followed
by the GU tract (28.6%, 6/21) (GI tract (60.0%, 9/15 DOAC vs. 33.3%, 2/6 dalteparin) and
GU tract (20.0%, 3/15 DOAC vs. 50.0%, 3/6 dalteparin)) (Table 3). Among 10 patients with
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MB (8, DOAC group; 2, dalteparin group), GI tract bleeding occurred in six patients (75%)
in the DOAC group and in two (100%) in the dalteparin group (Table 3). There was one
episode of intracranial hemorrhage that occurred approximately 3 months after initiation
of rivaroxaban.

Table 2. Recurrent cancer-associated venous thromboembolism and bleeding events in the full
analysis set.

DOAC
(n = 44, %)

Dalteparin
(n = 46, %) p * HR (95% CI) p ** Adjusted HR ***

(95% CI) p **

Recurrent CA-VTE 1 (2.3) 1 (2.2) 1.000 1.06 (0.07–16.98) 0.966 0.97 (0.05–19.23) 0.985
Category of bleeding events

Major bleeding 8 (18.2) 2 (4.3) 0.047 4.32 (0.92–20.36) 0.064 4.05 (0.86–19.11) 0.077
Clinically relevant
nonmajor bleeding 8 (18.2) 4 (8.7) 0.186 2.11 (0.64–7.02) 0.222 1.70 (0.49–5.88) 0.404

Clinically relevant bleeding 15 (34.1) 6 (13.0) 0.017 2.83 (1.10–7.30) 0.031 2.83 (1.09–7.29) 0.031
Total bleeding 26 (59.1) 23 (50.0) 0.387 1.19 (0.68–2.09) 0.545 1.12 (0.61–2.04) 0.719

Abbreviation: CA-VTE, cancer-associated venous thromboembolism; HR, hazard ratio; CI, confidence interval.
* Two-sided p values were estimated using the chi-square test or Fisher’s exact test. A one-sided p value was
estimated using the chi-squared test or Fisher’s exact test. ** Two-sided p values were estimated using the
Cox proportional regression model. *** Hazard ratio was adjusted with age, sex, and cancer involvement at
gastrointestinal mucosa.

Table 3. Bleeding sites according to type of anticoagulation in patients with major bleeding or
clinically relevant bleeding in the full-analysis set.

All (n = 90, %) DOAC (n = 44, %) Dalteparin (n = 46, %) p *

Major bleeding 10/90 (11.1) 8/44 (18.2) 2/46 (4.3) 0.047
0.732

GI tract 8/10 (80.0) 6/8 (75.0) 2/2 (100.0)
Brain 1/10 (10.0) 1/8 (12.5) 0 (0)

Vagina 1/10 (10.0) 1/8 (12.5) 0 (0)
Clinically relevant

bleeding 15/44 (34.1) 6/46 (13.0) 0.018

0.528
GI tract 11/21 (52.4) 9/15 (60.0) 2/6 (33.3)
GU tract 6/21 (28.6) 3/15 (20.0) 3/6 (50.0)

Brain 1/21 (4.8) 1/15 (6.7) 0/6 (0)
Vagina 2/21 (9.5) 1/15 (6.7) 1/6 (16.7)

Epistaxis 1/21 (4.8) 1/15 (6.7) 0/6 (0)
Abbreviation: DOAC, direct oral anticoagulant; GI, gastrointestinal; GU, genitourinary. * p values were estimated
using the chi-square test or Fisher’s exact test.

In the subgroup analysis regarding the comparison between each rivaroxaban, apixa-
ban, and dalteparin group, both rivaroxaban and apixaban increased risk of MB and CRB
compared to dalteparin (MB, 16.1% for rivaroxaban and 23.1% for apixaban vs. 4.3% for
dalteparin; p = 0.078 for rivaroxaban and p = 0.066 for apixaban compared to dalteparin)
(CRB, 29.0% and 46.2% vs. 13.0%, respectively; p = 0.082 for rivaroxaban and p = 0.009
for apixaban compared to dalteparin) (Table S2). In terms of the time to MB or CRB,
rivaroxaban showed a trend of being a risk factor for MB (HR 3.89; p = 0.104) and CRB
(HR 2.37; p = 0.102) compared to dalteparin (Table S2). Apixaban showed a trend of being
a risk factor for MB (HR 5.28; p = 0.068) and was a significant factor for CRB (HR 3.93;
p = 0.018) (Table S2). After multivariate analysis with cancer involvement at GI mucosa,
apixaban showed a trend of significant risk factor for CRB compared to dalteparin (HR 3.12;
p = 0.055). There were no significant differences in MB (16.1% vs. 23.1%; p = 0.676) and CRB
(29.0% vs. 46.2%; p = 0.313) between rivaroxaban and apixaban (Table S2). In terms of the
time to MB or CRB events, there were also no significant differences between rivaroxaban
and apixaban (HR (of apixaban compared to rivaroxaban) for MB 1.31; p = 0.710 and HR
for CRB 1.58; p = 0.386) (Table S2).
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3.3. Secondary Safety and Efficacy Outcomes

The time to CRB was significantly longer in the DOAC group than in the dalteparin
group (log-rank test p = 0.011 and HR 2.83, 95% confidence interval (CI) 1.10–7.30; p = 0.031)
(Figure 2A and Table 2). After multivariate analysis with age, sex, and cancer involvement
at GI mucosa, DOAC therapy remained a significant risk factor for CRB (adjusted HR 2.83,
95% CI 1.09–7.29; p = 0.031) (Table 2). The time to MB was longer in the DOAC group than
in the dalteparin group (log-rank test p = 0.043 and HR 4.32, 95% CI 0.92–20.36; p = 0.064)
(Figure 2B and Table 2). After multivariate analysis with age, sex, and cancer involvement at
GI mucosa, DOAC therapy showed a trend of being a risk factor for MB (adjusted HR 4.05,
95% CI 0.86–19.11; p = 0.077) (Table 2). Clinically relevant nonmajor bleeding occurred in
eight patients (18.2%) in the DOAC group and four patients (8.7%) in the dalteparin group
(p = 0.186) (HR 2.11, 95% CI 0.64–7.02; p = 0.222) (Table 2). There were no differences in total
bleeding events between the DOAC and dalteparin groups (59.1% vs. 50.0%; p = 0.387)
(Table 2), and the time to total bleeding events was not significantly different between
groups (HR 1.19, 95% CI 0.68–2.09; p = 0.545) (Table 2 and Figure 2C). Table 4 summarizes
the univariate analysis of clinicolaboratory factors for MB and CRB. Cancer involvement at
GI mucosa (HR 2.57, 95% CI 1.06–6.21; p = 0.036) was significantly associated with risk of
CRB, but it did not remain a significant factor in multivariate analysis (HR 2.08, 95% CI
0.84–5.15; p = 0.115). Among 38 patients with cancer involvement at GI mucosa, stomach
(n = 21) was the most common site, followed by esophagus (n = 7), duodenum (n = 7),
ampulla of vater (n = 2), and colon (n = 1) (Table S3). The characteristics of endoscopic
findings and intervention was summarized in Table S3. No other risk factors for MB and
CRB were observed.
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Table 4. Univariate analysis for major bleeding and clinically relevant bleeding in the full analysis set.

Major Bleeding Clinically Relevant Bleeding

HR (95% CI) p * HR (95% CI) p *

Male vs. Female 2.01 (0.52–7.79) 0.311 1.80 (0.73–4.47) 0.203
Age ≥ 65 years vs. <65 years 0.28 (0.06–1.30) 0.103 0.55 (0.22–1.36) 0.197

ECOG PS ≥2 vs. ECOG PS 0–1 0.56 (0.07–4.44) 0.584 1.30 (0.44–3.89) 0.638
BMI (<18.5) vs. BMI (≥18.5) 0.90 (0.11–7.20) 0.921 1.33 (0.39–4.53) 0.651

Primary cancer type 0.397 0.246
Upper GI tract cancer 1 1

Hepatobiliary and pancreas cancer 1.71 (0.49–5.94) 1.66 (0.70–3.94)
Hemoglobin <9.0 g/dL vs. ≥9.0 g/dL 2.21 (0.57–8.55) 0.252 1.66 (0.61–4.55) 0.322

Platelets <100 × 106/µL vs. ≥100 × 106/µL 2.37 (0.50–11.17) 0.275 0.94 (0.22–4.02) 0.928
Cr clearance <60 mL/min vs. ≥60 mL/min 1.10 (0.23–5.27) 0.910 1.04 (0.35–3.12) 0.945

Albumin <3.5 g/dL vs. ≥3.5 g/dL 1.87 (0.48–7.25) 0.366 1.68 (0.68–4.19) 0.262
Activated partial thromboplastin time (aPTT) >35 s

vs. ≤35 s 1.14 (0.14–8.99) 0.901 0.51 (0.07–3.83) 0.515

Anticancer systemic therapy during anticoagulation
(yes vs. no) 23.04 (0.0–798,399.18) 0.556 22.96 (0.01–38,485.883) 0.408

Treatment lines of systemic therapy during
anticoagulation

First-line 1 1
Second line 1.64 (0.39–6.86) 0.499 2.13 (0.81–5.61) 0.127

Third or later line 2.45 (0.47–12.68) 0.286 2.58 (0.80–8.30) 0.111
Radiotherapy during anticoagulation (yes vs. no) 4.07 (0.51–32.17) 0.184 1.65 (0.22–12.35) 0.624

Cancer involvement at GI mucosa (yes vs. no) 2.27 (0.64–8.06) 0.204 2.57 (1.06–6.21) 0.036
Type of anticoagulant (DOAC vs. dalteparin) 4.32 (0.92–20.36) 0.064 2.83 (1.10–7.30) 0.031

Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; BMI, body mass index; Cr, creatinine; GI, gastrointestinal; DOAC, direct oral anticoagulant.
* Two-sided p values were estimated using the Cox proportional hazards model.

Recurrent CA-VTE occurred in one patient (2.3%) in the DOAC group and one patient
(2.2%) in the dalteparin group (p = 1.000) (Table 2), and the time to recurrent CA-VTE was
not significantly different between groups (HR 1.06, 95% CI 0.07–16.98; p = 0.966) (Table 2
and Figure 2D).

In the ITT set, the baseline characteristics of the patients were well balanced between
groups (Table S4). CRB and MB occurred in 15 patients (33.3%) and 8 patients (17.8%) in
the DOAC group (p = 0.019) and 6 patients (12.8%) and 2 patients (4.3%) in the dalteparin
group (p = 0.048), respectively (Table S5). Time to CRB or MB was significantly longer in the
DOAC group than in the dalteparin group (p = 0.011 and p = 0.043) (Figure S1). The time to
recurrent CA-VTE was not significantly different between groups (p = 0.966) (Figure S1).
After multivariate analysis with age, sex, and cancer involvement at GI mucosa, DOAC
therapy remained a significant risk factor for CRB (adjusted HR 2.83, 95% CI 1.09–7.29;
p = 0.031) and showed a trend of being a risk factor for MB (adjusted HR 4.05, 95% CI
0.86–19.11; p = 0.077) (Table S5). Cancer involvement at GI mucosa (HR 2.57, 95% CI
1.06–6.20; p = 0.036) was also significantly associated with risk of CRB (Table S6).

3.4. Subgroup Analysis Based on the Drug Administered during Bleeding Events

Four patients switched anticoagulant during early study periods due to their clinical
situation, and two of them developed CRB during modified drug administration. Among
four patients, three patients switched from dalteparin to DOAC due to patient preference
for oral convenience, and CRB occurred in two patients; one patient developed GI bleeding
at 74 days during rivaroxaban administration after only four days of dalteparin; the other
patient developed hematuria at four days during apixaban administration after only one
dose of dalteparin. Among four patients, the last patient switched to dalteparin after 1 week
of DOAC therapy due to poor oral intake after septic shock, and no CRB occurred.

Table 5 summarizes the rates of bleeding events and recurrent CA-VTE according to
the administered drugs. The primary outcome of CRB occurred in 17/46 patients (37.0%)
in the DOAC group and in 4/44 patients (9.1%) in the dalteparin group (p = 0.002). MB
occurred in nine patients (19.6%) in the DOAC group and in one patient (2.3%) in the
dalteparin group (p = 0.015) (Table 5). The time to CRB and MB was significantly longer in
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the DOAC group than in the dalteparin group (p = 0.005 and p = 0.012, respectively) and
the time to recurrent CA-VTE was not significantly different between groups (p = 0.946)
(Figure 3). After multivariate analysis with age, sex, and cancer involvement at GI mucosa,
the time to CRB (adjusted HR 4.51, 95% CI 1.52–13.44; p = 0.007) and MB (adjusted HR
8.88, 95% CI 1.12–70.17; p = 0.038) was significantly longer in the DOAC group than in the
dalteparin group (Table 5).

Table 5. Recurrent cancer-associated venous thromboembolism and bleeding events according to
administered drugs during bleeding events in the full analysis set.

DOAC
(n = 46 †, %)

Dalteparin
(n = 44 †, %) p * HR (95% CI) p ** Adjusted HR ***

(95% CI) p **

Recurrent CA-VTE 1 (2.2) 1 (2.2) 1.000 0.91 (0.06–14.52) 0.946 0.87 (0.05–16.34) 0.924
Category of bleeding events

Major bleeding 9 (19.6) 1 (2.3) 0.015 8.89 (1.13–70.17) 0.038 8.88 (1.12–70.17) 0.038
Clinically relevant
nonmajor bleeding 9 (19.6) 3 (6.8) 0.120 2.93 (0.80–10.85) 0.106 2.42 (0.64–9.22) 0.195

Clinically relevant
bleeding 17 (37.0) 4 (9.1) 0.002 4.52 (1.52–13.44) 0.007 4.51 (1.52–13.44) 0.007

Total bleeding 28 (60.9) 21 (47.7) 0.211 1.31 (0.75–2.31) 0.346 1.21 (0.67–2.19) 0.525

Abbreviations: CA-VTE, cancer-associated venous thromboembolism; HR, hazard ratio; CI, confidence interval.
† Four patients initially switched anticoagulant depending on clinical situation at the physician’s discretion;
dalteparin→ DOAC (n = 3) and DOAC→ dalteparin (n = 1). * p values were estimated using the chi-squared
test or Fisher’s exact test. A one-sided p value was estimated using the chi-squared test or Fisher’s exact test.
** p values were estimated using the Cox proportional regression model. *** Hazard ratio was adjusted with age,
sex, and cancer involvement at gastrointestinal mucosa.

Cancers 2022, 14, x FOR PEER REVIEW  11 of 17 
 

 

Table 5. Recurrent cancer‐associated venous thromboembolism and bleeding events according to 

administered drugs during bleeding events in the full analysis set. 

 
DOAC   

(n = 46†, %) 

Dalteparin   

(n = 44†, %) 
p *  HR (95% CI)  p ** 

Adjusted HR *** 

(95% CI) 
p ** 

Recurrent CA‐VTE  1 (2.2)  1 (2.2)  1.000  0.91 (0.06–14.52)  0.946  0.87 (0.05–16.34)  0.924 

Category of bleeding events 

Major bleeding  9 (19.6)  1 (2.3)  0.015  8.89 (1.13–70.17)  0.038  8.88 (1.12–70.17)  0.038 

Clinically relevant non‐

major bleeding 
9 (19.6)  3 (6.8)  0.120  2.93 (0.80–10.85)  0.106  2.42 (0.64–9.22)  0.195 

Clinically relevant bleed‐

ing 
17 (37.0)  4 (9.1)  0.002¶  4.52 (1.52–13.44)  0.007  4.51 (1.52–13.44)  0.007 

Total bleeding  28 (60.9)  21 (47.7)  0.211  1.31 (0.75–2.31)  0.346  1.21 (0.67–2.19)  0.525 

Abbreviations: CA‐VTE, cancer‐associated venous thromboembolism; HR, hazard ratio; CI, confi‐

dence interval. † Four patients initially switched anticoagulant depending on clinical situation at 

the physician’s discretion; dalteparin →  DOAC (n = 3) and DOAC →  dalteparin (n = 1). * P val‐
ues were estimated using the chi‐squared test or Fisher’s exact test. A one‐sided p value was esti‐

mated using the chi‐squared test or Fisher’s exact test. ** P values were estimated using the Cox 
proportional regression model. *** Hazard ratio was adjusted with age, sex, and cancer involvement 

at gastrointestinal mucosa. 

 

 

0 100 200 300 400 500 600
0

10

20

30

40

50

60
Dalteparin (n = 44)

DOAC (n = 46)

Clinically relevant bleeding
A

Log‐rank p = 0.005

Days

C
u
m
u
la
ti
v
e 
in
ci
d
en
ce
 r
a
te
 (
%
)

Major bleeding

0 100 200 300 400 500 600
0

10

20

30

40

50

60
Dalteparin (n = 44)

DOAC (n = 46)

B

Log‐rank p = 0.012

Days

C
u
m
u
la
ti
v
e 
in
ci
d
en
ce
 r
a
te
 (
%
)

Total bleeding

0 100 200 300 400 500 600
0

10

20

30

40

50

60

70

80
Dalteparin (n = 44)

DOAC (n = 46)

C

Log‐rank p = 0.495

Days

C
u
m
u
la
ti
v
e 
in
ci
d
en
ce
 r
a
te
 (
%
)

Recurrent CA‐VTE

0 100 200 300 400 500 600
0

2

4

6

8

10
Dalteparin (n = 44)

DOAC (n = 46)

D

Log‐rank p = 0.946

Days

C
u
m
u
la
ti
v
e 
in
ci
d
en
ce
 r
a
te
 (
%
)

 

 
Figure 3. The Kaplan–Meier curves of the time to (A) clinically relevant bleeding (major and nonmajor
bleeding), (B) major bleeding, (C) total events of bleeding, and (D) recurrent cancer-associated venous
thromboembolism according to the administered drug during bleeding events in full analysis set.
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4. Discussion

The primary endpoint of this trial was met where the rate of CRB was significantly
higher in the rivaroxaban/apixaban group than in the dalteparin group in active advanced
upper GI tract, hepatobiliary, and pancreatic cancer (34.1% vs. 13.0%; p = 0.018). The time
to CRB was significantly longer in the rivaroxaban/apixaban group than in the dalteparin
group (adjusted HR 2.83, 95% CI 1.09–7.29; p = 0.031). MB also occurred more often in
the rivaroxaban/apixaban group than in the dalteparin group (18.2% vs. 4.3%; p = 0.047).
All these findings were confirmed in the ITT set. According to the administered drug
during bleeding events, the significant differences in the rates of both events became more
prominent (CRB: 37.0% vs. 9.1%; p = 0.002 and MB: 19.6% vs. 2.3%; p = 0.015), and HRs for
time to bleeding increased by 1.5–2-fold (adjusted HR for CRB 4.51; p = 0.007 and adjusted
HR for MB 8.88; p = 0.038). There was no difference in CA-VTE recurrence between the two
groups (2.3%, DOAC group; 2.2%, dalteparin group; p = 1.000).

These findings confirm the results of our previous retrospective study, which compared
rivaroxaban with LMWH in the same study population; the incidence of CRB was 31.9%
for rivaroxaban and 14.3% for LMWH (two-sided p = 0.006), and the incidence of MB was
17.4% and 7.6% (two-sided p = 0.048), respectively. Meanwhile, recurrent or aggravated
VTE occurred at similar rates in both groups (2.9% in rivaroxaban vs. 1.0% in LMWH;
p = 0.563) [15]. Although recent cancer-specific clinical trials comparing DOAC and LMWH
have shown DOAC has noninferior or superior efficacy to dalteparin for CA-VTE, there
were some conflicting results regarding bleeding risk [10–13]. The SELECT-D study showed
rivaroxaban was associated with relatively low VTE recurrence compared with dalteparin
(6-month cumulative rate, 4% vs. 11%; HR = 0.43, 95% CI 0.19–0.99) but had higher
CRNMB (6-month cumulative rate, 13% vs. 4%; HR = 3.76, 95% CI 1.63–8.69) and similar
MB (6-month cumulative rate, 6% vs. 4%; HR = 1.83, 95% CI 0.68–4.96) [11]. The Caravaggio
study showed that apixaban was noninferior to dalteparin for recurrent CA-VTE (HR = 0.63;
95% CI 0.37–1.07; p < 0.001 for noninferiority; p = 0.09 for superiority) without an increased
risk of MB (3.8% in apixaban vs. 4.0% in dalteparin; HR = 0.82, 95% CI 0.40–1.69, p = 0.60)
or CRNMB (9.0% in apixaban vs. 6.0% in dalteparin; HR = 1.42, 95% CI 0.88–2.30) [12].
The Hokusai VTE Cancer study showed that edoxaban was noninferior to dalteparin with
respect to the composite outcome of recurrent VTE or MB (HR = 0.97, 95% CI 0.70–1.36;
p = 0.006 for noninferiority; p = 0.87 for superiority), but the rate of MB was higher for
edoxaban than dalteparin (6.9% vs. 4.0%; HR = 1.77, 95% CI 1.03–3.04; p = 0.04) [10]. The
ADAM VTE trial, which hypothesized that apixaban was associated with a significantly
lower MB rate compared to dalteparin, failed to show the superiority of apixaban in terms
of MB (0% in apixaban vs. 1.4% in dalteparin; p = 0.138) or CRB (6.2% in apixaban vs. 6.3%
in dalteparin, p = 0.881). Instead, CRNMB was numerically higher for apixaban (6.2%) than
dalteparin (4.9%), while VTE recurrence was lower for apixaban (0.7%) than for dalteparin
(6.3%) (HR = 0.10, p = 0.028) [13].

These conflicting results of bleeding risk might be partly associated with the heteroge-
nous cancer types and cancer status included in the trials. Most studies included patients
with a history of cancer diagnosed within 2 years before enrolment, and the definition of
active cancer, including cancer diagnosis and treatment in the previous 6 months, was used.
This suggests that patients without a currently existing cancer lesion at the beginning or
during anticoagulation could also have been enrolled in those trials, which might have
influenced bleeding risk. GI cancer, especially upper GI tract or pancreatobiliary cancers, is
well known for having the highest VTE risk and the highest bleeding risk, regardless of
anticoagulation [4,5]. In the Hokusai VTE cancer study, patients with GI cancer had a higher
risk of MB during edoxaban treatment than dalteparin treatment (13.2% with edoxaban
vs. 2.4% with dalteparin in GI cancer; 4.7% with edoxaban vs. 4.5% with dalteparin in
non-GI cancer (interaction p = 0.02)) [10]. Most major GI bleeding in the edoxaban group
occurred at upper GI sites (85.0%). Likewise, in the SELECT-D study, most MB events
were in the upper GI tract, including the esophagus or stomach. Interim safety analysis
showed an increased trend in MB toward rivaroxaban in the 19 patients with esophagus



Cancers 2022, 14, 559 12 of 15

or gastroesophageal junction cancer (36% in rivaroxaban vs. 5% in dalteparin), leading to
subsequent exclusion of these cancer types from enrolment as a precautionary measure.
In the current PRIORITY study focusing on upper GI tract and hepatopancreatobiliary
cancers with currently existing advanced or metastatic cancer lesions, MB (18.2%) and
CRNMB (18.2%) seemed to occur more often in the DOAC group compared with in pre-
vious cancer-specific trials, in which the most common cancers were colorectal and lung
cancers (0–6.9% for MB and 6.2–14.6% for CRNMB); meanwhile, this result was not as obvi-
ous for dalteparin (MB, 4.3% for dalteparin in the PRIORITY study vs. 1.4–4.0%; CRNMB,
8.7% for dalteparin vs. 3.4–11.1%). These results suggest that these cancer types might
be susceptible to bleeding with DOAC. Notably, in the PRIORITY study, more than half
(52.4%) of CRB and 80% of MB events occurred in the GI tract. Cancer involvement at GI
mucosa was a significant risk factor for CRB (HR = 2.57; p = 0.036) rather than the cancer
type itself, which may be contributed to by absence of cancer involvement at GI mucosa
after prior surgery of primary sites such as gastrectomy. Moreover, the GI mucosa damaged
by chemotherapy targeting GI tract cancer, together with high concentrations of DOAC in
the GI lumen, may be responsible for bleeding events [18,19]. These findings could help in
guiding optimal anticoagulation therapy for CA-VTE, particularly in patients at high risk
for bleeding because of the cancer site.

Interestingly, in the Caravaggio trial [12], apixaban did not significantly increase the
risk of bleeding events compared with dalteparin in terms of MB (3.8% vs. 4.0%), CRB
(12.2% vs. 9.7%), and clinically relevant nonmajor bleeding (9.0% vs. 6.0%). The ADAM-
VTE randomized trial also reported that MB occurred in 0% of 145 patients receiving
apixaban compared with 1.4% of 142 patients receiving dalteparin (p = 0.138), and CRB
rates were 6% for both groups [13]. These results suggest that apixaban, unlike other
DOACs [10–13], appears to have a similar risk of bleeding in CA-VTE treatment compared
with dalteparin. However, in our study, apixaban increased risk of MB and CRB compared
to dalteparin (MB, 23.1% vs. 4.3%; p = 0.066 and CRB, 46.2% vs. 13.0%; p = 0.009). In
terms of the time to MB or CRB, apixaban showed a trend of being a risk factor for MB
(HR 5.28; p = 0.068) and was a significant risk factor for CRB (HR 3.93; p = 0.018). After
multivariate analysis with cancer involvement at GI mucosa, apixaban showed a trend of
significant risk factor for CRB compared to dalteparin (HR 3.12; p = 0.055). Recently, a study
using prospectively collected data in 1392 CA-VTE patients at the Mayo clinic reported
that apixaban had a higher rate of MB in GI tract cancer compared to non-GI tract cancer
patients and compared to enoxaparin (other LMWH) in GI tract cancer patients, whereas
rivaroxaban showed no increased risk of MB in GI tract cancer compared to non-GI tract
cancer patients [20]. Furthermore, the Caravaggio and ADAM-VTE trials included fewer
patients with upper GI tract cancer compared to the Hokusai VTE cancer and SELECT-D
trials. The use of apixaban still requires caution, and further studies regarding which
DOAC is likely to have a lower risk of bleeding are necessary, in particular, in patients with
higher risks of bleeding.

On the contrary to the MB or CRB, there were no significant differences in total
bleeding between the DOAC and dalteparin groups (59.1% vs. 50.0%; p = 0.387). However,
the bruise on the injection area in the dalteparin group was also counted in total bleeding,
which might have unfavorably contributed to the dalteparin group, resulting from the
differences in administration form. With the exception of these events in the dalteparin
group, total bleeding also occurred significantly more often in the DOAC group than in
the dalteparin group (59.1% vs. 34.8%; p = 0.034). The rates of recurrence seemed to be
lower than the previous pivotal trials (Hokusai VTE cancer, SELECT-D, Caravaggio, and
ADAM-VTE). In our study, recurrent CA-VTE, which was the newly developed CA-VTE,
was only counted as the efficacy outcome. However, the previous pivotal trials included
not only recurrent CA-VTE but also aggravation of pre-existing CA-VTE. After including
aggravation of CA-VTE, recurrent or aggravation of CA-VTE occurred in two patients
(4.5%) in the DOAC group and four patients (8.7%) in the dalteparin group (p = 0.677), in
line with the previous trials. These may be also explained by the different ethnic/racial
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groups and active cancer status. It is known that Asian patients have a significantly lower
cancer-associated VTE incidence than Caucasian patients [21,22]. A study in 1732 Japanese
patients with VTE reported that VTE recurrence was 1.8% with edoxaban [23]. Furthermore,
as this study focused on patients with currently active and metastatic cancers, the duration
of follow-up could be relatively short due to clinical deterioration with disease progression
and death, which could come first before recurrent CA-VTE.

This study has some limitations. First, despite a multicenter study, most patient en-
rollment was concentrated at one center, the Asan Medical Center, which has the largest
volume of cancer patients in Korea, and the enrollment duration was relatively long due to
frequent patient refusal, from patient preference for oral anticoagulation and stringent eligi-
bility criteria of high-risk cancer types with currently active and advanced cancers. Second,
as an open-label study design, as it is inevitable to compare the oral rivaroxaban/apixaban
with subcutaneous dalteparin, a central adjudication committee nonblindedly confirmed
the outcomes with intrinsic limitations. Third, there were numerical differences in cancer
types (GI tract vs. hepatobiliary pancreas cancer) of baseline characteristics between the
DOAC and dalteparin groups, despite statistical nonsignificance. Fourth, rivaroxaban or
apixaban was determined at the physician’s discretion and edoxaban use was not included
to reduce variations regarding treatment options in the DOAC group. Lastly, the sample
size is relatively small compared with the previous pivotal trials since early termination of
the study after interim analysis, meeting statistically prespecified stopping criteria on the
safety issue. This interim analysis was necessary for ethical issues and approved by each
IRB of participating centers. However, this study may be valuable to focus on high-risk
cancer types and currently active advanced cancers, and to evaluate the safety issue as
primary endpoint.

5. Conclusion

The current study suggests that DOAC therapy further increased the risk of bleeding
compared with dalteparin in patients with active advanced upper GI tract, hepatobiliary, or
pancreatic cancer. Thereby, significant caution is necessary when selecting anticoagulation
treatment for CA-VTE in high-risk patients.
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