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Abstract
Background: In the Hokusai VTE Cancer study, the risk of major bleeding was 2.9% 
higher in the edoxaban group compared with the dalteparin group, mainly due to more 
gastrointestinal bleedings in patients with gastrointestinal cancer. The identification 
of risk factors for gastrointestinal bleeding may help to guide the use of DOACs in 
these patients.
Objectives: To evaluate risk factors for gastrointestinal bleeding in patients with gas-
trointestinal cancer receiving edoxaban.
Patients/Methods: In this nested case- control study in patients with gastrointestinal 
cancer randomized to edoxaban in the Hokusai VTE Cancer study, cases (patients 
with clinically relevant gastrointestinal bleeding during treatment) were randomly 
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1  |  INTRODUC TION

Venous thromboembolism (VTE) is a frequent complication in pa-
tients with cancer, which requires anticoagulation for as long as the 
cancer is active.1,2 Direct oral anticoagulants (DOACs) are currently 
a recommended treatment option based on the results of several 
trials showing non- inferiority compared with low- molecular- weight 
heparins (LMWH) with respect to recurrence and major bleeding.3- 6 
However, current guidelines recommend that DOACs should be 
used with caution in patients with gastrointestinal cancer due to an 
increased risk of gastrointestinal bleeding.7- 9

In the Hokusai VTE Cancer study, which compared the direct 
oral factor Xa inhibitor edoxaban with dalteparin, edoxaban was 
non- inferior for the primary outcome, which was the composite of 
recurrent VTE and major bleeding during the 12 months of follow- up 
(hazard ratio [HR], 0.97; 95% confidence interval [CI], 0.70– 1.36; 
p = .006 for non- inferiority).3 Compared with dalteparin, the risk of 
recurrent VTE was 3.4% lower in the edoxaban group, while the risk 
of major bleeding was 2.9% higher. The difference in major bleeding 
was largely explained by a higher risk of gastrointestinal bleeding 
in patients with cancers of the upper gastrointestinal tract, such as 
esophageal and gastric cancer, but also in patients with pancreatic 
and hepatobiliary cancer.3,10

The mechanisms responsible for the higher risk of gastrointesti-
nal bleeding with DOACs remain unclear. The identification of risk 
factors for gastrointestinal bleeding in patients with gastrointesti-
nal cancer may help to guide the use of DOACs in these patients. 
Therefore, the aims of this study were to evaluate risk factors for 
gastrointestinal bleeding in patients with gastrointestinal cancer re-
ceiving edoxaban and identify patients with gastrointestinal cancer 
at low risk of bleeding in whom edoxaban can be safely prescribed.

2  |  METHODS

2.1  |  Hokusai VTE cancer study

A post- hoc nested case- control study within the Hokusai VTE 
Cancer study was performed to identify risk factors for gastro-
intestinal bleeding in patients with gastrointestinal cancer. The 
rationale and main results of the Hokusai VTE cancer study have 
been published previously.3,11 In this open- label trial, 1050 pa-
tients with cancer- associated VTE were randomized between 
July 2015 and December 2016 to either oral edoxaban (60 mg 
once daily) or subcutaneous dalteparin (200 IU/kg once daily for 
1 month followed by 150 IU/kg once daily thereafter). The dose 
of edoxaban was reduced to 30 mg in patients with a creatinine 
clearance of 30 to 50 ml per minute or a body weight of 60 kg or 
less or in those receiving concomitant treatment with potent P- 
glycoprotein inhibitors. Patients were followed for 12 months 
with a minimum treatment duration of 6 months. The primary 

matched to three controls (patients who had no gastrointestinal bleeding). Data for 
the 4- week period prior to bleeding were retrospectively collected. Odds ratios (ORs) 
were calculated in a crude conditional logistic regression model and a multivariable 
model adjusted for age, sex, and cancer type.
Results: Twenty- four cases and 64 matched controls were included. In the multivari-
able analysis, advanced cancer, defined as regionally advanced or metastatic cancer 
(OR 3.6, 95% CI 1.01– 12.6) and low hemoglobin levels (OR 4.8, 95% CI 1.5– 16.0) were 
significantly associated with bleeding. There was no significant difference in patients 
with resected tumors (OR 0.4, 95% CI 0.1– 1.4), or in patients on chemotherapy (OR 
1.3, 95% CI 0.5– 3.5).
Conclusion: Advanced cancer and low hemoglobin levels were associated with an in-
creased risk of gastrointestinal bleeding in patients with gastrointestinal cancer re-
ceiving edoxaban. We were unable to identify other risk factors, mainly due to limited 
statistical power.

K E Y W O R D S
factor Xa Inhibitors, gastrointestinal neoplasms, hemorrhage, risk factors, venous thrombosis

Essentials

• Patients with gastrointestinal cancer using edoxaban 
are at risk of gastrointestinal bleeding

• We assessed risk factors for gastrointestinal bleeding in 
patients with gastrointestinal cancer

• Advanced cancer was significantly associated with gas-
trointestinal bleeding

• Hemoglobin <10 g/dl was significantly associated with 
gastrointestinal bleeding
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outcome was the composite of recurrent VTE and major bleeding. 
Secondary outcomes were recurrent VTE, major bleeding, clinically 
relevant non- major bleeding, and mortality. Major bleeding was 
defined according to the International Society on Thrombosis and 
Haemostasis (ISTH) criteria as overt bleeding that was associated 
with a decrease in the hemoglobin level of 2 g/dl or more, led to a 
transfusion of 2 or more units of blood, occurred in a critical site, 
or contributed to death.12 Clinically relevant non- major bleeding 
was defined as overt bleeding (i.e. symptomatic or visualized by ex-
amination) not meeting the criteria for major bleeding but requires 
medical attention or is associated with discomfort for the subject 
such as pain, or impairment of activities of daily life. Outcomes 
were adjudicated by an independent committee whose members 
were unaware of treatment allocation.

2.2  |  Study design

In this nested case- control study, cases were patients with gastro-
intestinal cancer who developed major or clinically relevant non- 
major upper or lower gastrointestinal bleeding during edoxaban 
treatment or up to 72 h after discontinuation. At the time of gastro-
intestinal bleeding, cases were matched by days since randomiza-
tion to three controls, which were randomly selected by incidence 
density sampling from the study group still at risk at that specific 
time, i.e. patients receiving edoxaban without major or clinically 
relevant non- major gastrointestinal bleeding at the time of match-
ing. With this method cases are matched to controls on duration of 
follow- up, allowing for control of the confounding effect of time in 
the analysis.13,14 Additionally, in nested case- control studies, cases 
occurring later in the follow- up are eligible to be controls for earlier 
cases.13,14 For example, if a case developed major gastrointestinal 
bleeding 90 days after randomization, three patients with gastro-
intestinal cancer who were using edoxaban and had not developed 
gastrointestinal bleeding at day 90 were randomly selected as 

controls (Figure 1). Matched control patients who developed major 
or clinically relevant non- major gastrointestinal bleeding after the 
time of matching were transferred to the case group. For patients 
serving as both a control and a case, a minimum of 4 weeks be-
tween being assigned as a control and later as a case was required 
(Figure 1). With this method it is not possible for cases to be their 
own control, since controls are always matched to other cases be-
cause of this time difference. In this study three controls were cho-
sen, since with a limited number of cases, power increases when 
more controls are added to the study, but usually not beyond four 
patients per case.13,15

2.3  |  Data collection

Baseline data from included patients were routinely collected in 
the Hokusai VTE Cancer study. Additional clinical data were ret-
rospectively collected by the participating centers for the 4- week 
period prior to the gastrointestinal bleeding event (cases) or the 
4- week period before the day at which patients were matched 
(controls). The variables included were chosen based on their 
known association with bleeding in cancer patients as well as in 
the non- cancer population or based on their potential protective 
properties in gastrointestinal bleeding.16- 22 The following data 
were collected: resected or non- resected tumors (patients with 
resected tumors at the moment of inclusion of the Hokusai VTE 
Cancer study, which had a recurrence at the time of this case- 
control study, were classified as non- resected); local or advanced 
disease (advanced cancer is defined as locally advanced or meta-
static cancer); cancer therapy (different types of chemotherapy or 
surgery); interventions (e.g., endoscopy); concomitant medications 
including proton- pump inhibitors, corticosteroids, non- steroidal 
anti- inflammatory drugs (NSAIDs) and antiplatelet agents; edoxa-
ban dose; weight; and laboratory results (kidney function, hemo-
globin and platelets).

F I G U R E  1  Example of 2 cases with 6 
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2.4  |  Statistical analysis

Baseline characteristics were presented using descriptive statistics. 
The association between the possible risk factors and gastrointestinal 
bleeding was evaluated by calculating odds ratios (ORs) with 95% con-
fidence intervals using a crude conditional logistic regression model. 
In such a model, cases are compared only with their matched controls. 
Additionally, in a multivariable conditional logistic regression model, we 
adjusted for age (continuous), sex, and grouped tumor type in which the 
tumors we separated in three different groups (1: colorectal, 2: hepato-
biliary or pancreatic, or 3: upper gastrointestinal cancer). In this model 
we corrected for sex, as it affects other potential risk factors assessed, 
such as hemoglobin levels and weight. Additionally we corrected for 
age and tumor type, since the difference in significantly associated risk 
factors for bleeding could potentially be explained in part due to differ-
ent characteristics or treatment strategies in different tumor types and 
patients of older age (e.g. more often advanced disease at diagnosis in 
pancreatic cancer, or less often chemotherapy in elder patients due to 
poor performance status).23,24 Each variable assessed was added sepa-
rately to this model to calculate adjusted odds ratios.

Two sensitivity analyses were performed. In the first sensitivity 
analysis, an unconditional logistic regression analysis was performed 
in which data from all cases and controls were compared, regardless 
of matching, adjusting for (1) the number of days since inclusion and 
(2) the number of days since inclusion, age, sex, and grouped tumor 
type. In the second sensitivity analysis we excluded the controls who 
became a case later to assess whether the association would change 
without the possibility of a case also serving as a control. In this anal-
ysis these patients were assessed as cases only which results in the 
same number of cases, but fewer controls. For the association of 
hemoglobin levels with risk of bleeding a cut- off value of 10 g/dl 
(6.2 mmol/L) was used, since a hemoglobin level below 10 g/dl has 
shown to be a significant predictor for clinically relevant bleeding in 
patients treated with edoxaban.25 R version 3.6.1 was used for all 
analyses (https://www.R- proje ct.org).

3  |  RESULTS

Of the 1050 patients enrolled in the Hokusai VTE Cancer study, 522 
were randomly allocated to edoxaban of whom 165 (32%) had gastro-
intestinal cancer. During the 12- month study period, 29 of these 165 
patients (18%) developed at least one on- treatment major or clinically 
relevant non- major gastrointestinal bleed at a median of 98.5 days 
(standard deviation [SD] 98.1) after randomization. All 29 cases were 
randomly matched to three controls from the at- risk group by time 
since randomization. Of the controls, 11 were included as cases later 
during follow- up. Out of these 116 cases and controls, from 42 dif-
ferent centers worldwide, additional data was collected from 101 pa-
tients (24 cases and 77 controls). Data could not be obtained for 5 
cases and 10 controls due to various reasons. Out of the 77 controls, 
for 13 patients, data from the matched case could not be collected. 
Therefore, 24 cases and 64 matched controls were included in the 

conditional logistic regression model. In the unconditional logistic re-
gression model, all 24 cases and 77 controls could be included. In the 
main analysis seven controls were later used as a case.

Baseline characteristics of cases and controls are shown in 
Table 1. Cases were older (median age 66 vs. 63 years; p = .33) and 
more often male (79% vs. 64%; p = .27). There was a numerical 
difference in upper gastrointestinal tumors (29% vs. 25%; p = .69) 
and lower gastrointestinal tumors (48% vs. 58%; p = .96). Of the 24 
cases, 14 patients (58%) had a major bleeding event and 10 patients 
(42%) had a clinically relevant non- major bleeding event. The site of 
bleeding was the upper gastrointestinal tract in 16 (67%) patients 
and the lower gastrointestinal tract in 8 (33%). Of the 16 upper gas-
trointestinal bleeding events, seven patients had gastric or esopha-
geal cancer, five had hepatobiliary or pancreatic cancer, and four had 
colorectal cancer. Of these 16 patients, 13 (81%) had non- resected 
tumors. All eight lower gastrointestinal bleeding events occurred 
in patients with colorectal cancer, of which, seven (88%) had non- 
resected tumors. All of the clinically relevant bleeding events were 
before the stop of study drug administration or on the same day that 
the study drug was stopped. For subjects in whom the stop of the 
study drug and bleeding event occurred on the same day, the bleed-
ing event was the cause of the study drug discontinuation in all in-
stances. There were no fatal bleeding events.

In the univariable conditional logistic regression model, only a hemo-
globin level below 10 g/dl (6.2 mmol/L) in the 4 weeks prior to the event 
was significantly associated with bleeding. 11 cases (45.8%) had a hemo-
globin level <10 g/dl, compared with 10 controls (15.6%) (OR 4.0, 95% 
CI 1.4– 11.1) (Table 2). There was a non- statistically significant increased 
risk of bleeding in patients with advanced disease (defined as region-
ally advanced or metastatic cancer) (OR 2.7, 95% CI 0.9– 8.7), platelet 
count <150 × 109/L (OR 1.9, 95% CI 0.6– 6.3), and creatinine clearance 
<50 ml/min (OR 2.7, 95% 0.4– 19.4). There was a non- significant de-
creased risk of bleeding in patients with resected tumors (OR 0.4, 95% 
CI 0.1– 1.4). There were no differences in bleeding in patients who were 
receiving chemotherapy (OR 1.3, 95% CI 0.5– 3.5), antiplatelet agents 
(OR 1.0, 95% CI 0.1– 9.6), NSAIDs (OR 0.7, 95% CI 0.1– 8.4), or proton 
pump inhibitors (PPI) (OR 0.9, 95% CI 0.3– 2.7) in the month prior to 
bleeding, or had a body weight <60 kg (OR 1.2, 95% CI 0.3– 4.2).

In the multivariable conditional logistic regression analysis cor-
rected for age, sex and tumor type, advanced disease in the month 
prior to the event was significantly associated with gastrointesti-
nal bleeding (OR 3.6, 95% CI 1.01– 12.6) as was a hemoglobin level 
below 10 g/dl (OR 4.8, 95% CI 1.5– 16.0). The odds ratios for a low 
platelet count (OR 1.4, 95% CI 0.4– 5.0) and a creatinine clearance 
<50 ml/min (OR 1.5, 95% CI 0.2– 14.9) were lower compared with 
the crude analysis. Similar to the univariable analysis, there were no 
differences in bleeding risk with use of chemotherapy (OR 1.3, 95% 
CI 0.5– 3.5), antiplatelet agents (OR 0.9, 95% CI 0.1– 9.6), NSAIDs (OR 
0.7, 95% CI 0.1– 7.8), or PPIs (OR 1.0, 95% CI 0.3– 3.1). There was a 
non- significant lower risk of bleeding in patients with resected tu-
mors during the study period (OR 0.4, 95% CI 0.1– 1.4) In the multi-
variable analysis, there was an increased but not significant risk of 
bleeding in patients who had endoscopy in the month prior to the 

https://www.R-project.org


3012  |    BOSCH et al.

bleeding event (OR 3.8, 95% CI 0.6– 24.6), lung metastasis (OR 3.2, 
95% CI 0.9– 11.1), platinum based chemotherapy (OR 2.4, 95% CI 
0.8– 7.3), or a body weight <60 kg (OR 2.6, 95% CI 0.4– 14.6) (Table 2).

Since additional data could not be collected for all cases, there 
were several controls without a matched case. These additional 
control patients were not included in the primary analysis but were 
considered in sensitivity analysis which showed similar results as the 
conditional logistic regression model (Table 3). In the multivariable 
analysis, only a hemoglobin level below 10 g/dl was significantly as-
sociated with gastrointestinal bleeding (OR 4.1, 95% CI 1.4– 12.6). 
Additionally, in the second sensitivity analysis, the seven controls 
who became a case later were excluded as controls. These patients 
were left in the analysis as cases only, resulting in 24 cases and 57 
controls. The results were broadly similar to the main conditional 
logistic regression analysis. The odds ratios in the multivariable anal-
ysis for advanced disease and hemoglobin levels <10 g/L were 4.0 
(95% CI 1.1– 14.3) and 4.2 (95% CI 1.3– 13.8) respectively.

4  |  DISCUSSION

In this nested case- control study of patients with gastrointestinal 
cancer enrolled in the Hokusai VTE Cancer study, those with lo-
cally advanced disease or distant metastasis had a more than 3- fold 

higher risk of major or clinically relevant non- major gastrointestinal 
bleeding during treatment with edoxaban, whereas those with a 
hemoglobin level below 10 g/dl (6.2 mmol/L) had a more than 4- 
fold higher risk. These findings suggest that caution is warranted 
when using edoxaban for treatment of acute VTE in patients with 
advanced gastrointestinal cancer. We did not identify modifiable risk 
factors (e.g. chemotherapy) nor protective factors (e.g. PPI) for gas-
trointestinal bleeding.

In the Hokusai VTE Cancer and SELECT- D trials, an increased risk 
of gastrointestinal bleeding was observed in patients randomized to 
DOACs, mostly in those with cancers of the upper gastrointestinal 
tract. A potential explanation is the local anticoagulant effect of 
DOACs in the gut lumen, since substantial amounts of active drug 
are excreted in the faeces,26 which could lead to bleeding from vul-
nerable intestinal lesions. Patients with advanced disease are more 
likely to have unresectable luminal tumors in the gastrointestinal 
tract, which could explain the increased risk of bleeding in cases and 
the numerically lower bleeding risk in patients with resected tumors 
(OR 0.4, 95% CI 0.1– 1.4). Notably, the increased risk of gastrointes-
tinal bleeding with DOACs was not observed in the CARAVAGGIO 
trial, which evaluated apixaban for cancer- associated VTE.6 Reasons 
for this disparity are unclear, but may be related to intrinsic proper-
ties of apixaban, selection of fewer patients with advanced (unre-
sected) gastrointestinal cancer, or may represent a random finding.

Cases 
(n = 24)

Controls 
(n = 64) p- Value

Mean days since inclusion to bleeding event/
matching date (SD)

91.8 (93.8) 90.1 (92.7) .94

Mean age, years (SD) 66.3 (11.5) 63.4 (12.2) .33

Male sex, n (%) 19 (79.2) 41 (64.1) .27

Upper gastro- intestinal cancer, n (%) 7 (29.2) 16 (25) .69

Esophagus 4 (16.7) 10 (15.7)

Stomach 3 (12.5) 6 (4.4)

Hepatobiliary and pancreatic cancer, n (%) 4 (16.7) 11 (17.2) .95

Pancreas 2 (8.3) 8 (12.5)

Cholangiocarcinoma 1 (4.2) 2 (3.1)

Gall bladder 1 (4.2) 0

Liver 1 (1.6) 1 (4.2)

Lower gastro- intestinal cancer, n (%) 14 (48.3) 37 (57.8) .96

Colon 4 (16.7) 22 (34.3)

Rectum 8 (33.3) 15 (23.4)

Body weight at baseline, kg (SD) 80.3 (16.3) 79.3 (17.9) .82

Antiplatelet therapy at baseline, n (%) 1 (4.2) 5 (7.8) .90

Concomitant use of P- glycoprotein inhibitors, 
n (%)

1 (4.2) 1 (1.6) .47

Reduced- dose edoxaban, n (%) 6 (25) 15 (23.4) 1.00

Mean platelet count × 109/L (SD) 192 (115) 213 (110) .44

Mean creatinine clearance in ml/min (SD)a  91 (30.9) 108 (51.1) .13

Abbreviation: SD, standard deviation.
aCalculated with the Cockroft and Gault formula.

TA B L E  1  Baseline characteristics of 
cases and matched controls
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A hemoglobin level below 10 g/dl in the month prior to bleed-
ing also appeared to be associated with gastrointestinal bleeding, 
which is in line with findings from modeling studies that identified 

anemia as a consistent predictor.16 Whether a low hemoglobin is a 
true predictor or simply a reflection of occult blood loss is unknown. 
Since all major bleeding events in this study were classified as such 

TA B L E  2  Conditional logistic regression results

Cases
(n = 24)

Controls
(n = 64)

Univariable analyses
OR (95% CI)

Multivariable analysesa 
OR (95% CI)

Resected vs. non- resectedb  4 (16.7) 20 (31.2) 0.4 (0.1– 1.4) 0.4 (0.1– 1.4)

Stage

Local disease 1 (4.2) 6 (9.4) 1.3 (0.1– 15.1) 0.9 (0.1– 9.6)

Locally advanced 6 (25.0) 11 (17.2) 4.0 (0.7– 24.7) 5.7 (0.8– 41.2)

Metastasis 13 (54.2) 27 (42.2) 2.7 (0.7– 10.1) 3.1 (0.8– 12.2)

Liver metastasis 8 (33.3) 21 (32.8) 1.1 (0.4– 2.9) 1.1 (0.4– 3.4)

Lung metastasis 7 (29.2) 11 (17.2) 2.2 (0.7– 7.0) 3.2 (0.9– 11.1)

Advanced disease 19 (79.2) 38 (59.4) 2.7 (0.9– 8.7) 3.6 (1.01– 12.6)

Surgery in 4 weeks prior to bleeding 0 2 (3.1) — — 

Endoscopy in 4 weeks prior to bleeding 3 (12.5) 3 (4.7) 3.7 (0.6– 23.0) 3.8 (0.6– 24.6)

Chemotherapy in 4 weeks prior to 
bleeding

12 (50.0) 29 (45.3) 1.3 (0.5– 3.5) 1.3 (0.5– 3.5)

Pyrimidine analogues 5 (20.8) 17 (26.6) 0.8 (0.2– 2.3) 0.7 (0.2– 2.5)

Irinotecan 2 (8.3) 3 (4.7) 1.7 (0.3– 10.2) 2.4 (0.3– 19.6)

Platinum based 9 (37.5) 16 (25.0) 2.1 (0.7– 6.0) 2.4 (0.8– 7.3)

Taxanes 1 (4.2) 6 (9.4) 0.4 (0.1– 3.9) 0.2 (0.0– 2.6)

Bevacizumab 2 (8.3) 3 (4.7) 1.6 (0.3– 9.4) 1.5 (0.2– 13.3)

Chemotherapy in week prior to bleeding 4 (16.7) 22 (34.4) 0.3 (0.1– 1.3) 0.4 (0.1– 1.4)

Corticosteroids in 2 weeks prior to 
bleeding

3 (13.0) 13 (20.3) 0.6 (0.2– 2.4) 0.5 (0.1– 2.3)

PPI in 2 weeks prior to bleeding 6 (26.1) 19 (30.2) 0.9 (0.3– 2.7) 1.0 (0.3– 3.1)

NSAIDs in 2 weeks prior to bleeding 1 (4.2) 3 (4.7) 0.7 (0.1– 7.4) 0.7 (0.1– 7.8)

Antiplatelet use in 2 weeks prior to 
bleeding

1 (4.2) 3 (4.7) 1 (0.1– 9.6) 0.9 (0.1– 9.6)

Full edoxaban dose 16 (66.7) 47 (74.6) 0.6 (0.2– 1.8) 0.3 (0.1– 1.4)

Hypertension treatment in 4 weeks prior 
to bleeding

5 (20.8) 17 (26.6) 0.7 (0.2– 2.2) 0.8 (0.2– 2.5)

History of overt gastrointestinal bleeding 1 (4.7) 3 (4.2) 1.0 (0.1– 9.6) 1.3 (0.2– 10.1)

Weight <60 kg in 4 weeks prior to 
bleeding

4 (17.4) 10 (16.7) 1.2 (0.3– 4.2) 2.6 (0.4– 14.6)

≥1 risk factors for bleedingc  20 (83.3) 41 (64.1) 3.2 (0.9– 12.1) 3.5 (0.9– 13.8)

Hemoglobin <10 g/dl in 4 weeks prior to 
bleeding

11 (45.8) 10 (15.6) 4.0 (1.4– 11.1) 4.8 (1.5– 16.0)

Platelet count <150 × 109/L in 4 weeks 
prior to bleeding

7 (29.2) 12 (18.8) 1.9 (0.6– 6.3) 1.4 (0.4– 5.0)

Creatinine clearance <50 ml/min in 
4 weeks prior to bleedingd 

2 (8.7) 2 (3.4) 2.7 (0.4– 19.4) 1.5 (0.2– 12.6)

Bold indicate statistical significance values.
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; NSAID, non- steroidal anti- inflammatory drugs; OR, odds ratio; PPI, 
proton pump inhibitor.
aAdjusted for age, sex and grouped tumor type (colorectal; hepatobiliary and pancreatic; upper gastrointestinal).
bNon- resected could be resected at baseline but reflect recurrence during the study period.
cRisk factors for bleeding defined in the Hokusai VTE Cancer study as: locally advanced or metastatic cancer, brain metastasis, bevacizumab or 
antiplatelet use, recent surgery.
dCalculated with the Cockroft and Gault formula.
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TA B L E  3  Unconditional logistic regression with days since inclusion as a covariate

Cases
(n = 24)

Controls
(n = 77)

Univariable analyses + time since inclusion
OR (95% CI)

Multivariable 
analysesa 
OR (95% CI)

Resected vs. non- resectedb  4 (16.7) 22 (28.6) 0.5 (0.1– 1.6) 0.5 (0.1– 1.5)

Stage

Local disease 1 (4.2) 7 (9.1) 0.8 (0.1– 6.8) 0.7 (0.1– 6.4)

Locally advanced 6 (25.0) 15 (19.5) 2.2 (0.5– 10.4) 2.7 (0.6– 13.8)

Metastasis 13 (54.2) 33 (42.9) 2.1 (0.6– 8.7) 2.3 (0.7– 9.6)

Liver metastasis 8 (33.3) 26 (33.8) 1.0 (0.4– 2.5) 1.0 (0.3– 2.7)

Lung metastasis 7 (29.2) 11 (14.3) 2.5 (0.8– 7.3) 3.0 (0.9– 9.5)

Advanced disease 19 (79.2) 48 (62.3) 2.3 (0.8– 7.7) 2.6 (0.9– 9.0)

Surgery in 4 weeks prior to 
bleeding

0 2 (2.6) — — 

Endoscopy in 4 weeks prior to 
bleeding

3 (12.5) 3 (3.9) 3.5 (0.6– 20.3) 4.0 (0.7– 25.1)

Chemotherapy in 4 weeks prior 
to bleeding

12 (50.0) 36 (46.8) 1.1 (0.4– 2.9) 1.2 (0.5– 3.3)

Pyrimidine analogues 5 (20.8) 21 (27.3) 0.7 (0.2– 2.0) 0.7 (0.2– 2.1)

Irinotecan 2 (8.3) 4 (5.2) 1.6 (0.2– 9.0) 2.0 (0.2– 11.9)

Platinum based 9 (37.5) 17 (22.1) 2.1 (0.8– 6.0) 2.7 (0.9– 8.0)

Taxanes 1 (4.2) 7 (9.1) 0.4 (0.0– 2.5) 0.3 (0.0– 2.4)

Bevacizumab 2 (8.3) 3 (3.9) 2.2 (0.3– 14.2) 2.3 (0.3– 17.3)

Chemotherapy in week prior to 
bleeding

4 (16.7) 27 (35.1) 0.4 (0.1– 1.1) 0.4 (0.1– 1.1)

Corticosteroids in 2 weeks prior 
to bleeding

3 (13.0) 14 (18.2) 0.7 (0.1– 2.3) 0.6 (0.1– 2.4)

PPI in 2 weeks prior to bleeding 6 (26.1) 23 (30.3) 0.8 (0.3– 2.2) 0.9 (0.3– 2.7)

NSAIDs in 2 weeks prior to 
bleeding

1 (4.2) 3 (3.9) 1.1 (0.1– 9.5) 1.0 (0.0– 9.1)

Antiplatelet use in 2 weeks prior 
to bleeding

1 (4.2) 3 (3.9) 1.1 (0.1– 8.7) 1.1 (0.1– 11.4)

Full edoxaban dose 16 (66.7) 59 (77.6) 0.6 (0.2– 1.7) 0.4 (0.1– 1.3)

Hypertension treatment in 
4 weeks prior to bleeding

5 (20.8) 22 (28.6) 0.7 (0.2– 1.9) 0.6 (0.2– 2.0)

History of overt gastrointestinal 
bleeding

1 (4.7) 3 (4.2) 1.0 (0.1– 8.7) 1.1 (0.1– 11.1)

Weight <60 kg in 4 weeks prior 
to bleeding

4 (17.4) 10 (13.7) 1.3 (0.3– 4.5) 2.8 (0.5– 16.1)

≥1 risk factors for bleedingc  20 (83.3) 51 (58.0) 2.6 (0.8– 9.8) 2.8 (0.9– 11.1)

Hemoglobin <10 g/dl in 4 weeks 
prior to bleeding

11 (45.8) 15 (19.5) 3.5 (1.3– 9.5) 4.1 (1.4– 12.6)

Platelet count <150 × 109/L in 
4 weeks prior to bleeding

7 (29.2) 15 (19.5) 1.7 (0.6– 4.9) 1.5 (0.5– 4.4)

Creatinine clearance <50 ml/min 
in 4 weeks prior to bleedingd 

2 (8.7) 3 (4.2) 2.3 (0.3– 15.4) 1.5 (0.2– 11.8)

Bold indicate statistical significance values.
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; NSAID, non- steroidal anti- inflammatory drugs; OR, odds ratio; PPI, 
proton pump inhibitor.
aAdjusted for age, sex and grouped tumor type (colorectal; hepatobiliary and pancreatic; upper gastrointestinal).
bNon- resected could be resected at baseline but reflect recurrence during the study period.
cRisk factors for bleeding defined in the Hokusai VTE Cancer study as: locally advanced or metastatic cancer, brain metastasis, bevacizumab or 
antiplatelet use, recent surgery.
dCalculated with the Cockroft and Gault formula.
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due to overt bleeding associated with a hemoglobin drop or need for 
transfusion of two or more units of blood, in some cases bleeding 
may have already started at the time of hemoglobin measurement.

The main limitation of this study is the modest number of cases 
which resulted in limited statistical power and therefore the results 
should merely be regarded as exploratory. Consequently, we were 
unable to analyze major and clinically relevant non- major bleeding 
separately, although it is likely that risk factors are consistently asso-
ciated with both types of bleeding. Nonetheless, our results provide 
a detailed description of factors associated with gastrointestinal 
bleeding events occurring during edoxaban treatment. The present 
data show that 79% (19 out of 24) of bleeding events occurred in pa-
tients with advanced disease at the time of bleeding. Additionally to 
the analyzed variables in this study, we aimed to collect data on the 
presence of mucositis and alcohol intake, since these are important 
risk factors for bleeding, however, these data were only available 
for very few cases, therefore these variables were left out of the 
analysis. For the other variables included in the conditional logistic 
regression analyses, no data were missing. No multiple comparisons 
correction was applied, since it likely would have resulted in no out-
comes being significantly associated with clinically relevant bleeding 
due to the small sample size. Therefore, for example, the possible 
true effect of advanced disease on bleeding risk would have been 
diminished. Nonetheless, we would like to stress that a false positive 
effect due to the number of variables assessed is possible.

Several previous studies have assessed risk factors for bleeding 
in patients with various cancer types. In a retrospective cohort study 
by Angelini of over 400 000 cancer patients treated with rivarox-
aban or apixaban, the risk of major bleeding was higher in those with 
metastatic disease, chronic kidney disease, or a platelet count below 
100 × 109/L.17 In the RIETE registry, an international registry which 
collects data on patients with VTE, an eGFR <30 ml/min, immobility 
(i.e. total bed rest with bathroom privileges for ≥4 days), distant me-
tastasis, and recent bleeding were identified as risk factors for bleed-
ing in 3805 cancer patients receiving either vitamin K antagonists or 
LMWH.18 Finally, terminal cancer and chronic kidney disease were 
identified as risk factors for major bleeding in the COMMAND VTE 
registry, a multicenter retrospective registry in Japan.19 The present 
study only focused on risk factors for bleeding in patients with gas-
trointestinal cancer. Although we observed a higher proportion of 
cases than controls with a platelet count below 150 × 109/L (29.1% 
vs. 18.8%), this difference did not meet statistical significance (OR 
1.4, 95% CI 0.4– 5.0). We were unable to assess renal insufficiency as 
a risk factor because few such patients were included in the analysis.

Compared with non- cancer patients, there are several addi-
tional risk factors that can increase the risk of bleeding in the can-
cer population. For example, cancer patients have an increased risk 
of gastrointestinal bleeding, because chemotherapy agents such 
as irinotecan, taxanes and platinum- based regimens can cause 
mucositis.20 Unfortunately, we could not retrieve information on 
the frequency of mucositis during the study period. Nonetheless, 
there was a higher but non- significant risk of bleeding in patients 
receiving platinum- based chemotherapy (OR 2.4, 95% CI 0.8– 7.3). 

Additionally, cancer patients often undergo surgery or endoscopy 
procedures during the course of their disease, which is associated 
with an important risk of bleeding.21 In this study, endoscopy in the 
month prior to bleeding did show a non- significant increased risk of 
bleeding (OR 3.8, 95% CCI 0.6– 24.6), however, no cases underwent 
surgery in the month prior to bleeding.

The high risk of gastrointestinal bleeding in cancer patients may 
be decreased by use of PPIs. This notion is supported by a subgroup 
analysis of the COMPASS trial, which compared rivaroxaban vs 
aspirin and pantoprazole vs. placebo in a 2 × 2 factorial design.22 
Pantoprazole significantly reduced the risk of bleeding in patients 
with evidence of gastrointestinal lesions detected by gastroscopy 
compared with placebo (HR 0.45, 95% CI 0.27– 0.74), with a num-
ber needed to treat of 982. It is unknown whether pantoprazole has 
similar protective effects in patients with tumor lesions of the intes-
tinal tract. Although 28% of all patients in our study were using PPIs, 
there was no trend towards a protective effect in these patients (OR 
1.0, 95% CI 0.3– 3.1).

To our knowledge this is the first study that assessed risk factors 
for gastro- intestinal bleeding in patients with gastrointestinal can-
cer. Since the majority of major bleeding events in the Hokusai VTE 
cancer trial were gastrointestinal bleeding events in patients with 
gastrointestinal cancer, this study was needed to assess important 
risk factors which were associated with an increased risk of gastro-
intestinal bleeding in these patients. Besides tumor stage and he-
moglobin levels, other potential risk factors for bleeding such as the 
use of concomitant medication and cancer therapy were assessed, 
which could possibly help to guide safe use of DOACs in patients 
with gastrointestinal bleeding. Most guidelines suggest against the 
use of DOACs in patients with gastrointestinal tumors due to the 
increased risk of bleeding, usually without consideration of cancer 
stage or whether the tumor was resected.8,9 Given that the group 
of patients with gastrointestinal tumors is heterogeneous, DOACs 
could potentially be safe in some patient subgroups. The pres-
ent data suggest that edoxaban is associated with a lower risk of 
bleeding in patients with local or resected gastrointestinal tumors, 
although the limited sample size precludes definite conclusions.

In conclusion, in this case- control study, regionally advanced or 
metastatic gastrointestinal cancer was associated with an increased 
risk of gastrointestinal bleeding in patients using edoxaban for treat-
ment of VTE. These findings call for additional studies on the safety 
of edoxaban specifically in patients with local, resected luminal 
gastrointestinal cancers in whom the risk- benefit balance may be 
favorable.
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