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ABSTRACT

Background: Low-molecular-weight heparin (LMWH) is the standard treatment for venous 
thromboembolism (VTE) in patients with active cancer. However, use of factor Xa inhibitors, 
such as rivaroxaban, is increasing on the basis of limited clinical evidence. The present 
single-center study compared the incidence of bleeding and other treatment outcomes 
in gastrointestinal and pancreatobiliary cancer (GI tract cancer) patients administered 
rivaroxaban or LMWH for the treatment of VTE.
Methods: Retrospective data from 281 GI tract cancer patients who were treated for VTE 
with rivaroxaban (n = 78) or LMWH (n = 203) between 1 January 2012 and 31 December 2016, 
were analyzed. Primary end-point was the incidence of major and clinically relevant bleeding. 
Secondary outcomes included the incidence of recurrent VTE and mortality.
Results: Clinically relevant bleeding occurred in 19 patients (24.4%) in the rivaroxaban group 
and 31 (15.3%) in the LMWH group (P = 0.074). No inter-group difference was observed for 
rate of VTE recurrence (3.8% with rivaroxaban vs. 3.9% with LMWH; P > 0.999) or incidence 
of major bleeding (5.1% with rivaroxaban vs. 8.9% with LMWH; P = 0.296). Multivariate 
Cox proportional hazards analysis for age, cancer type, metastasis, history of chemotherapy 
or recent surgery, and Eastern Cooperative Oncology Group performance status revealed a 
1.904-fold higher risk of bleeding with rivaroxaban than LMWH (1.031–3.516; P = 0.040). No 
significant inter-group difference was found in terms of hazard ratio for all-cause mortality.
Conclusion: Compared to LMWH, rivaroxaban was associated with a higher incidence of 
clinically relevant bleeding in GI tract cancer patients presenting with VTE.

Keywords: Venous Thromboembolism; Rivaroxaban; Stomach Cancer; Pancreatobiliary Cancer; 
Colorectal Cancer

INTRODUCTION

Pulmonary embolism accounts for 1% of all cancer deaths and is a common complication in 
cancer patients. The incidence of pulmonary embolism in cancer patients is 1 in 200, which 
is 100 times that observed in the general population.1-3 In previous studies, the mortality rate 
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in patients with pulmonary embolism was 15% in hemodynamically stable cases compared 
to 58% in hemodynamically unstable cases, and venous thromboembolism (VTE) was 
associated with a poor prognosis in patients with cancer.4,5 Adequate management of VTE is 
therefore a key priority for clinicians involved in the care of cancer patients.

In 2003, the Clinical Leaders of Thrombosis (referred to CLOT) group reported that low-
molecular-weight heparin (LMWH) was superior to warfarin in the treatment of VTE in 
cancer patients.6 Subsequently, various treatment guidelines have recommended LMWH, 
including dalteparin, as the standard treatment for VTE in the oncology population.7-9 
Advantages of LMWH over warfarin include a lower number of drug interactions and the lack 
of any requirement for routine therapeutic monitoring. However, LMWH is administered 
via subcutaneous injection, which may be associated with physical and/or psychological 
discomfort as well as adverse events at the injection site, such as extensive bruising.10

The 2014 European Society of Cardiology (ESC) guidelines for the treatment of VTE recommend 
the administration of direct oral anticoagulants (DOACs) as standard therapy.11 DOACs confer 
their anticoagulant effect through the inhibition of single factors within the coagulation 
cascade, such as factor X or thrombin.12 In view of their highly targeted mechanism of action 
and ease of administration, DOACs are of increasing interest in terms of the treatment of VTE 
in cancer patients. A recently published study demonstrated that rivaroxaban and edoxaban for 
cancer-associated VTE was not inferior to LMWH in terms of recurrence and major bleeding 
but increased clinically relevant bleeding.13,14 Additionally, available research data support the 
administration of rivaroxaban to patients with cancer-associated VTE.15-18 However, there was 
no definitive study of the stability and therapeutic efficacy of rivaroxaban in gastrointestinal 
and pancreatobiliary cancer patients. In addition, several studies report an increased rate of 
gastrointestinal bleeding in patients receiving DOACs for the prevention or treatment of VTE.19-

23 These data suggest that studies into the safety of rivaroxaban, including the risk of bleeding, 
are warranted in cancer patients, in particular those with gastrointestinal malignancy.

The aim of the present retrospective study was to compare the incidence of bleeding and 
other treatment outcomes in patients with gastrointestinal cancer who received either 
rivaroxaban or LMWH for the treatment of VTE.

METHODS

Study design and patients
The present single-center study was performed at the Asan Medical Center, which 
is a 2,700-bed tertiary hospital in Korea. Eligible patients were identified through 
anticoagulant prescribing information contained in the electronic medical record system. 
The study inclusion criteria were: 1) a diagnosis of stomach cancer, colorectal cancer, or 
pancreatobiliary cancer (subsequently termed GI tract cancer); 2) a confirmed pulmonary 
embolism and/or deep vein thrombosis; and 3) treatment of the VTE with rivaroxaban or 
LMWH between January 1, 2012, and December 31, 2016.

Rivaroxaban and LMWH administration
Because no standardized protocol for the anticoagulants selection of rivaroxaban versus 
LMWH was in use at the study center during the study period, treatment choice was made on 
a case-by-case basis and at the discretion of the responsible clinician.
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Rivaroxaban was administered orally 15 mg twice daily with food for 21 days followed by 20 
mg once daily. LMWH was administered subcutaneously: dalteparin 200 IU/kg once daily; 
enoxaparin 1 mg/kg twice daily; nadroparin 85.5 IU/kg body weight twice daily.

Study groups
The rivaroxaban group comprised GI tract cancer patients with pulmonary embolism or deep 
vein thrombosis who were prescribed rivaroxaban, irrespective of previous prescription. 
Patients who were subsequently switched to anticoagulant medications other than 
rivaroxaban were excluded from the analyses. Duration of rivaroxaban administration was 
defined as the duration over which rivaroxaban was administered as the sole VTE therapy.

The LMWH group comprised GI tract cancer patients with pulmonary embolism or deep vein 
thrombosis prescribed dalteparin, enoxaparin, or nadroparin, irrespective of previous VTE 
medication history. Patients who were subsequently switched to a different LMWH preparation 
were considered to have undergone maintained LMWH therapy. However, patients who were 
switched to other drug classes were excluded from the analyses. Duration of LWMH therapy 
was defined as the sum duration of the administration of dalteparin, enoxaparin, or nadroparin.

Diagnosis of pulmonary embolism and deep vein thrombosis
Pulmonary embolism was diagnosed via the evaluation of a computed tomography (CT) 
or ventilation-perfusion scan by a board-certified radiologist. Deep vein thrombosis was 
diagnosed via lower extremity Doppler ultrasonography or CT venography. Follow-up 
examinations were only performed in cases of suspected recurrence or in patients requiring 
periodic evaluation of disease status.

Demographic and clinical characteristics
For each patient, data on the following factors were retrieved from the electronic medical 
record system: age, gender, body weight, cancer type, Eastern Cooperative Oncology Group 
performance score (ECOG PS), metastatic status, history of chemotherapy, history of recent 
surgery, glomerular filtration rate, occurrence of pulmonary embolism, occurrence of deep 
vein thrombosis, and hospitalization status.

Inpatient status was assigned to patients who were hospitalized at the time of VTE diagnosis. 
Outpatient status was assigned to patients whose VTE was diagnosed in the outpatient 
department or emergency room.

Metastatic status was assigned to patients meeting the M1 metastasis criteria of the TNM 
staging system (i.e., metastasis to distant organs beyond regional lymph nodes) at the time 
of pulmonary embolism or deep vein thrombosis diagnosis. History of chemotherapy status 
was assigned in patients who had received at least one dose of chemotherapy prior to VTE 
diagnosis. ECOG PS was retrieved by electronic medical records.

Outcome measures
The primary outcomes were the incidence of major bleeding and clinically relevant bleeding. 
Major bleeding was defined as any bleeding event occurring during treatment with LMWH 
or rivaroxaban that: 1) was associated with death; 2) occurred at a fatal site (intracranial, 
intraocular, retroperitoneal, intraspinal, or pericardial); or 3) required a transfusion of at 
least 2 units of packed red blood cell, or led to a hemoglobin decrease of at least 2.0 g/dL.24 
Clinically relevant bleeding was defined as any obvious bleeding occurring during treatment 
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with LMWH or rivaroxaban and resulted in medical intervention, unscheduled visits with 
clinicians, discontinuance of anticoagulants, or a decline in the activities of daily life.25

The secondary outcomes were mortality and recurrence rates. Recurrence was defined as CT 
or ultrasonographic evidence of an increase in thrombosis or embolism or of a thrombosis 
or embolism at a new site, during treatment with LMWH or rivaroxaban. Symptomatic 
recurrence was defined as CT or ultrasonographic evidence of recurrence in patients 
presenting with symptomatic pulmonary embolism or deep venous thrombosis during 
treatment with LMWH or rivaroxaban.

Data on survival status were retrieved from electronic medical records at the Asan Medical 
Center or from Korean National Health Insurance Database. Survival data were collected up 
until December 31, 2017.

Statistical analysis
Inter-group comparisons were made for all baseline characteristics and outcomes. 
Categorical variables are expressed as the number and the proportion of subjects. Differences 
between the rivaroxaban and LMWH groups were analyzed using the χ2 test. Continuous 
variables are expressed as means and standard deviations. Differences in continuous 
variables were analyzed using the independent two-sample t-test.

Time dependent variables, such as time to bleeding and survival, were analyzed using the 
Cox proportional hazard model. Multivariate analysis was performed by Cox proportional 
hazard model with backward elimination (likelihood ratio [LR] test) to determine the effect 
of anticoagulants on clinically relevant bleeding and all-cause mortality. The multivariate 
analysis included variants showing inter-group differences in the univariate analyses (threshold 
was set at P < 0.1). Time-to-event curve were calculated by post-estimation Cox proportional 
hazards model curves. We also performed competing risk analysis by Fine and Gray model. In 
this analysis, we regarded clinically relevant bleeding as main outcome and all-cause mortality 
as competing events. We included covariates, which were valid in multivariate analysis for 
clinically relevant bleeding and all-cause mortality. The proportional hazards assumption was 
confirmed by examination of log (-log [survival]) curves and no relevant violations were found.

Statistical significance was set at P < 0.05. All statistical analyses were performed using SPSS 
version 21 (IBM Corporation, Armonk, NY, USA) analytical software.

Ethics statement
The study was approved by the Institutional Review Board (IRB) of the Asan Medical Center 
(IRB No. 2017-0652). IRB confirmed the requirement for informed consent was waived due to 
the retrospective nature of the analyses. All study procedures were conducted in accordance 
with the Declaration of Helsinki.

RESULTS

Between January 1, 2012, and December 31, 2016, a total of 375 GI tract cancer patients were 
diagnosed with pulmonary embolism or deep vein thrombosis. Of these, 94 patients were 
not eligible for study inclusion. The 94 non-eligible subjects comprised 81 patients who were 
prescribed warfarin, and 12 patients who received anticoagulants other than rivaroxaban, 
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dalteparin, enoxaparin, nadroparin, and warfarin. One further patient discontinued medication for 
undocumented reasons. Therefore, the data of a total of 281 patients were included in the present 
analyses: rivaroxaban group (n = 78), LMWH group (n = 203) (Fig. 1). In LMWH group, 177 patients 
(87.2%) used dalteparin, 25 patients (12.3%) used enoxaparin and 1 patient (0.5%) used nadroparin.

Table 1 shows the baseline characteristics of the two study groups. No significant inter-group 
difference was observed for age, gender, body weight, hospitalization status, or incidence of 
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GI tract cancer patients who received
anticoagulant therapy for VTE

between January 1, 2012 and December 31, 2016

Patients meeting inclusion criteria (n = 281) 

Rivaroxaban
(n = 78) 

LMWH
(n = 203) 

Exclusion (n = 94)
Warfarin user (n = 81)
Other anticoagulants prescribed (n = 12)
Unknown cause of discontinuation (n = 1)

Fig. 1. Patients flow diagram. 
GI = gastrointestinal, VTE = venous thromboembolism, LMWH = low-molecular-weight heparin.

Table 1. Baseline characteristics of the study cohort
Characteristics Rivaroxaban (n = 78) LMWH (n = 203) P value
Age, yr 66.5 ± 11.6 63.6 ± 11.1 0.056

< 65 28 (35.9) 104 (51.2) 0.021
≥ 65 50 (64.1) 99 (48.8)

Women 39 (50.0) 82 (40.4) 0.145
Body weight, kg 59.5 ± 11.6 59.0 ± 11.6 0.766
ECOG PS < 0.001

0 12 (15.4) 7 (3.4)
1 47 (60.3) 85 (41.9)
2 14 (17.9) 63 (31.0)
3 3 (3.8) 37 (18.2)
4 2 (2.6) 11 (5.4)

Hospitalization 0.168
Outpatient 56 (71.8) 128 (63.1)
Inpatient 22 (28.2) 75 (36.9)

Cancer type < 0.001
Pancreatobiliary 38 (48.7) 94 (46.3)
Stomach 19 (24.4) 98 (48.3)
Colorectal 21 (26.9) 11 (5.4)

Metastasis 47 (60.3) 177 (87.2) < 0.001
History of CTx 43 (55.1) 156 (76.8) < 0.001
Recent surgery 17 (21.8) 19 (9.4) 0.005
GFR, < 50 3 (3.8) 8 (3.9) > 0.999
Qualifying thrombotic event 0.774

DVT only 51 (65.4) 129 (63.5)
PE, with or without DVT 27 (34.6) 74 (36.5)

Duration of anticoagulants 119.6 ± 100.6 93.3 ± 84.2 0.033
Data are presented as mean ± standard deviation or number (%).
LMWH = low-molecular-weight heparin, ECOG PS = Eastern Cooperative Oncology Group performance status,  
CTx = chemotherapy, GFR = glomerular filtration rate, PE = pulmonary embolism, DVT = deep vein thrombosis.
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pulmonary embolism. However, a significant inter-group difference was found for age ≥ 65, 
cancer type, ECOG PS, metastasis, history of chemotherapy, recent surgery and glomerular 
filtration rate < 50. The rivaroxaban group included a higher proportion of patients with a 
good performance status with reference to ECOG PS and recent surgery than the LWMG 
group. The LMWH group included a higher proportion of patients with metastasis, a history 
of chemotherapy, and stomach cancer than the rivaroxaban group (Table 1).

Clinically relevant bleeding occurred in 19 patients (24.4%) in the rivaroxaban group and 
31 patients (15.3%) in the LMWH group. Thus, the rivaroxaban group showed a higher 
incidence of clinically relevant bleeding without significance (P value = 0.074) (Table 2). 
In the rivaroxaban group, the following types of clinically relevant bleeding occurred: 
gastrointestinal tract, 12 patients (60.0%); urinary tract, 5 patients (25.0%); hemoptysis, 
2 patients (10.0%); and skin, 1 patient (5.0%). In the LMWH group, the following types 
of clinically relevant bleeding occurred: gastrointestinal tract, 19 patients (61.3%); urinary 
tract, 1 patient (3.2%); intramuscular, 2 patients (6.5%); hemoptysis, 2 patients (6.5%); 
intraperitoneal, 3 patients (9.7%); pleural cavity, 1 patient (3.2%); and vaginal, 3 patients 
(9.7%) (Table 3). Major bleeding occurred in 4 patients (5.1%) in the rivaroxaban group and 
in 18 patients (8.9%) in the LMWH group.

During the anticoagulant therapeutic period, VTE recurrence occurred in 3 patients 
(3.8%) in the rivaroxaban group and 8 patients (3.9%) in the LMWH group. Symptomatic 
recurrence occurred in 0 patients in the rivaroxaban group and 1 patient in the LMWH group 
(0.5%). No significant inter-group difference was found for recurrence or symptomatic 
recurrence (Table 2).

After 6 months from anticoagulants start day, 167 patients had died. Of these, 29 (37.2%) 
deaths occurred in the rivaroxaban group. These included 1 death secondary to bleeding. 
In the LMWH group, 138 patients had died (68.0%). These included 4 deaths secondary 
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Table 2. Univariate analysis of primary and secondary endpoints within 6 months
Variables Rivaroxaban (n = 78) LMWH (n = 203) P value
Clinically relevant bleeding 19 (24.4) 31 (15.3) 0.074
Major bleeding 4 (5.1) 18 (8.9) 0.296
Recurrence 3 (3.8) 8 (3.9) > 0.999
Symptomatic recurrence 0 (0.0) 1 (0.5) > 0.999
All-cause mortality 29 (37.2) 138 (68.0) < 0.001

PE related 0 (0.0) 4 (2.0) 0.579
Bleeding related 1 (1.3) 3 (1.5) > 0.999

Data are presented as number (%).
LMWH = low-molecular-weight heparin, PE = pulmonary embolism.

Table 3. Sites of bleeding by groups
Bleeding types Rivaroxaban (n = 20) LMWH (n = 31)
Gastrointestinal tract 12 (60.0) 19 (61.3)
Hematuria 5 (25.0) 1 (3.2)
Muscle hematoma 0 (0.0) 2 (6.5)
Hemoptysis 2 (10.0) 2 (6.5)
Hemoperitoneum 0 (0.0) 3 (9.7)
Hemothorax 0 (0.0) 1 (3.2)
Vaginal bleeding 0 (0.0) 3 (9.7)
Petechiae 1 (5.0) 0 (0.0)
Data are presented as number (%).
LMWH = low-molecular-weight heparin.
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to pulmonary embolism and 3 deaths secondary to bleeding. All-cause mortality was 
significantly higher in the LMWH group than in the rivaroxaban group (P < 0.001). However, 
no significant inter-group difference was found for mortality secondary to pulmonary 
embolism or bleeding (Table 2).

A Cox proportional hazards model was used to analyze the incidence and timing of bleeding 
during study drugs administration in the two study groups. The hazard ratio (HR) for 
bleeding within the therapeutic period was 1.904-fold (95% confidence interval [CI], 
1.031–3.516; P = 0.040) higher in the rivaroxaban group (Fig. 2). In the multivariate analysis, 
poor performance status showed a trend towards association with bleeding risk. By contrast, 
no significant association with increased bleeding risk was found for cancer type, metastasis 
status, or history of chemotherapy (Table 4).

A Cox proportional hazards model was used to analyze all-cause mortality rate and survival 
time in the two study groups. Anticoagulant type did not impact all-cause mortality. A 
significant association with all-cause mortality was found for age, cancer type, metastasis 
status, and ECOG PS. In comparisons to patients with pancreatobiliary cancer, the hazard 
ratio for all-cause mortality was 0.705 in patients with stomach cancer (P = 0.014), and 0.278 
(P < 0.001) in patients with colorectal cancer (Table 5).

We performed competing risk analysis by Fine and Gray model for clinically relevant bleeding 
and all-cause mortality. In univariate analysis, rivaroxaban presented 1.650-fold (95% CI, 
0.942–2.880; P = 0.080) increased hazard ratio for clinically relevant bleeding. In multivariate 
analysis, rivaroxaban presents 2.418-fold (95% CI, 1.003–5.830; P = 0.049) increased hazard 
ratio for clinically relevant bleeding (Table 6).
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Fig. 2. Post-estimation Cox proportional hazards model curves for bleeding event within 6 months. 
We compared incidence of clinically relevant bleeding between low-molecular-weight heparin and rivaroxaban. 
We drew the curves by post-estimation Cox proportional hazards model after adjustment for Eastern Cooperative 
Oncology Group Performance Status. 
LMWH = low-molecular-weight heparin.
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DISCUSSION

To our knowledge, there is only limited data for investigating bleeding risk in GI tract cancer 
patients administered rivaroxaban, and the present study is performed to compare bleeding 
risk in GI tract cancer patients treated with rivaroxaban versus standard treatment for 
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Table 4. Cox Proportional Hazards model analysis of risk factors for the incidence of clinically relevant bleeding
Risk factors Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Anticoagulation

LMWH 1 1
Rivaroxaban 1.395 0.794–2.449 0.247 1.904 1.031–3.516 0.040

Age, yr, ≥ 65 0.998 0.573–1.739 0.996
ECOG PS

0 1 1
1 0.511 0.191–1.365 0.180 0.610 0.225–1.652 0.331
2 1.001 0.355–2.823 0.999 1.387 0.469–4.099 0.554
3 2.432 0.846–6.990 0.017 3.539 1.158–10.815 0.027
4 0.605 0.070–5.204 0.647 0.737 0.085–6.390 0.782

Recent surgery 1.441 0.721–2.879 0.301
History of CTx 1.135 0.594–2.169 0.701
Cancer type

Pancreatobiliary 1
Stomach 1.228 0.683–2.207 0.493
Colorectal 0.916 0.368–2.278 0.850

Metastasis 0.783 0.428–1.431 0.426
We analyzed the incidence of clinically relevant bleeding by Cox proportional hazard model. We selected 
meaningful variables by backward elimination (LR test). We initially included age ≥ 65, ECOG PS, cancer type, 
metastatic status, history of chemotherapy, recent surgery and anticoagulants. After backward elimination with 
LR test, we used anticoagulants and ECOG PS for multivariate analysis. In multivariate analysis, rivaroxaban 
presented 1.904-fold increased hazard ratio compared with LMWH.
HR = hazard ratio, CI = confidence interval, LMWH = low-molecular-weight heparin, ECOG PS = Eastern 
Cooperative Oncology Group performance status, CTx = chemotherapy, LR = likelihood ratio.

Table 5. Cox Proportional Hazards model analysis of risk factors for all-cause mortality

Risk factors Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value

Anticoagulation
LMWH 1
Rivaroxaban 0.520 0.390–0.693 < 0.001

Age, yr, ≥ 65 0.782 0.610–1.002 0.052 0.704 0.542–0.915 0.009
ECOG PS

0 1 1
1 1.305 0.748–2.277 0.348 1.106 0.624–1.960 0.729
2 3.175 1.785–5.648 < 0.001 2.623 1.451–4.742 0.001
3 3.968 2.132–7.386 < 0.001 3.484 1.830–6.632 < 0.001
4 4.521 2.082–9.815 < 0.001 5.683 2.491–12.962 < 0.001

Recent surgery 0.636 0.429–0.943 0.024
History of CTx 1.259 0.951–1.667 0.108
Cancer type

Pancreatobiliary 1 1
Stomach 0.681 0.520–0.892 0.005 0.705 0.533–0.931 0.014
Colorectal 0.336 0.213–0.530 < 0.001 0.278 0.171–0.453 < 0.001

Metastasis 3.042 2.138–4.327 < 0.001 2.711 1.878–3.912 < 0.001
We analyzed the incidence of all-cause mortality by Cox proportional hazard model. We selected meaningful 
variables by backward elimination (LR test). We initially included age ≥ 65, ECOG PS, cancer type, metastatic 
status, history of chemotherapy, recent surgery and anticoagulants. After backward elimination with LR test, 
anticoagulants were eliminated because it was not a valid variable for multivariate analysis.
HR = hazard ratio, CI = conference interval, LMWH = low-molecular-weight heparin, ECOG PS = Eastern 
Cooperative Oncology Group performance status, CTx = chemotherapy, LR = likelihood ratio.

https://jkms.org


VTE in cancer patients, i.e., LMWH.26 Patients receiving rivaroxaban showed a 1.904-fold 
increased hazard ratio in clinically relevant bleeding tendency compared to patients treated 
with LMWH. However, no significant inter-group differences were found for major bleeding 
incidence and the secondary endpoints recurrence rate, symptomatic recurrence rate, and 
mortality. Several randomized control studies presented similar trends for DOACs use in 
cancer patients.13,14 Recommendations for the use of DOACs in the treatment of VTE are 
based on findings that compared to warfarin, DOACs, including rivaroxaban, are associated 
with less bleeding and similar recurrence rates.24,25 A previous meta-analysis showed that 
DOACs were not inferior to warfarin in terms of the treatment of VTE in cancer patients.27 
Therefore, these results suggested that careful decision making to use DOACs in patients 
with GI tract cancer was warranted.

The present analyses demonstrated significant inter-group differences in several baseline 
clinical features, in particular age, ECOG PS, cancer type, metastasis status, history of 
chemotherapy, and recent surgery. The rivaroxaban group included a high proportion 
of patients with good ECOG PS and favorable metastasis status and a history of recent 
surgery, while the LWMH group included a high proportion of patients with a history of 
chemotherapy and metastases. This may reflect a tendency on the part of clinicians to adhere 
to standard drug administration guidelines in patients with more severe disease states.

In the present cohort, recurrence rate in both groups was about 4%, and no significant inter-
group difference was found for symptomatic recurrence. The present recurrence rate was 
consistent with the 4%–15% recurrence rates reported in previous studies.6,16,18,27,28

Although the univariate analysis revealed a higher rate of clinically relevant bleeding without 
statistical significance in the rivaroxaban group, a multivariate analysis was performed to 
account for inter-group differences in baseline demographic and clinical characteristics. Factors 
with a reported association to bleeding during anticoagulant therapy in cancer patients include 
cancer type and history of chemotherapy.29 The LMWH group in particular included a high 
proportion of patients with metastases and a diagnosis of stomach cancer, well-established 
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Table 6. Competing risk analysis by Fine and Gray model for clinically relevant bleeding and all-cause mortality
Covariate Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Anticoagulants

LMWH 1 1
Rivaroxaban 1.650 0.942–2.880 0.080 2.418 1.003–5.830 0.049

ECOG PS
0 1 1
1 0.502 0.197–1.280 0.150 0.649 0.249–1.700 0.380
2 0.842 0.312–2.270 0.730 1.302 0.439–3.860 0.630
3 1.546 0.557–4.290 0.400 2.903 0.898–9.390 0.075
4 0.271 0.032–2.310 0.230 0.365 0.041–3.240 0.370

Cancer type
Pancreatobiliary 1 1
Stomach 1.250 0.697–2.240 0.460 1.545 0.851–2.810 0.150
Colorectal 1.090 0.453–2.640 0.840 0.918 0.330–2.560 0.870

Metastasis 0.683 0.377–1.240 0.210 0.901 0.406–2.000 0.800
We performed competing risk analysis by Fine and Gray model. In this analysis, we regarded clinically relevant 
bleeding as main outcome and all-cause mortality as competing events. We included anticoagulants, ECOG PS, 
cancer type, metastatic status, which were valid covariates in multivariate analysis of Table 4 and Table 5. In 
multivariate analysis, rivaroxaban presented 2.418-fold increased hazard ratio compared with LMWH.
HR = hazard ratio, CI = conference interval, LMWH = low-molecular-weight heparin, ECOG PS = Eastern 
Cooperative Oncology Group Performance Status.
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associations with bleeding.29 We also performed competing risk analysis for clinically relevant 
bleeding and death, because the LMWH group had more severe disease at baseline and also 
faced a higher mortality risk during follow-up. In the multivariate analysis and the competing 
risk analysis, rivaroxaban also presented increased HR for clinically relevant bleeding. Despite 
this, no significant inter-group difference was found for the incidence of major bleeding. 
However, the number of major bleeding events in the present cohort was very small, and future 
studies of larger cohorts are required to replicate these findings.

The most frequent site of bleeding in both study groups was the gastrointestinal tract. This 
is consistent with the findings of studies conducted by Chan et al.,19 which demonstrated 
an association between DOAC administration and increased gastrointestinal tract bleeding. 
Whereas the incidence of intracranial hemorrhage is lower in patients receiving DOACs than 
in patients receiving warfarin, research has shown that compared to warfarin, the DOACs 
rivaroxaban and dabigatran are associated with a higher rate of gastrointestinal bleeding.30-32

Although the precise mechanisms were unknown, previous authors have hypothesized that 
DOACs cause bleeding in patients with gastrointestinal tract lesions.19,33-36 Rivaroxaban is 
largely excreted through the kidneys (66%); however, 28% is excreted through the feces.36 
A plausible hypothesis is that because rivaroxaban does not require transformation to an 
active form to exert its anticoagulant effects, its passage through the gastrointestinal tract 
may trigger bleeding.37 Chan et al.19 suggested that active rivaroxaban in the gastrointestinal 
tract could induce bleeding in existing lesions. By contrast, LMWH is mainly excreted via the 
kidneys, and thus the associated risk of gastrointestinal bleeding risk is relatively low.38 In our 
study, hematuria presented more common in the rivaroxaban group. When rivaroxaban was 
excreted in urine, unmetabolized rivaroxaban accounted for 36% of the total dose, otherwise 
LMWH showed 5%–10% anti-Xa activity of injected dose in the urine.39

Several studies provide evidence in support of the use of rivaroxaban for the treatment of VTE 
in cancer patients. These studies demonstrated that rivaroxaban was not inferior to LMWH in 
terms of recurrence, bleeding incidence, or mortality. However, patients with GI tract cancer 
accounted for only 25.4%–60% of patients in these studies.13,15,17,40 Therefore, these results 
cannot be generalized to the GI tract cancer population.

In the present cohort, all-cause mortality rates were higher in the LMWH group. However, 
the baseline characteristics of the two study groups differed, and the LMWH group would be 
expected to have higher mortality rates due to its higher proportion of poor prognosis cancer 
patients. After backward elimination with LR test, anticoagulants did not have association 
with all-cause mortality. This is consistent with previous findings from non-cancer 
patients.24,25

The present study had several limitations. First, the retrospective study design may have 
resulted in build-in confounding, information bias and selection bias. Second, significant 
inter-group differences were found in terms of baseline characteristics. To address this, a 
multivariate analysis and competing risk analysis were performed. In addition, there was a 
concern that more deaths occurred in the LMWH, and this could lead to fewer opportunities 
for bleeding complications. For adjustment, we performed Fine and Gray model for 
competing risk analysis. Thirdly, a number of patients were lost to follow-up. However, this 
had no significant impact on the analysis of outcomes, because most patients were followed 
up until the time of death. Fourthly, because we found the bleeding events based on the 

10/13https://jkms.org https://doi.org/10.3346/jkms.2019.34.e160

Rivaroxaban for VTE in GI Tract Cancer

https://jkms.org


electronic medical records, it can be underrecognized or miscategorized. Additionally, we 
obtained the data about baseline characteristics at the start day of anticoagulants therapy. 
There were possibilities that changes in time-varying confounding might not be captured. 
Finally, the present study focused on rivaroxaban, and thus the generalizability of the results 
to other DOACs, such as apixaban or dabigatran, is limited.

Despite these limitations, the present study present associations that rivaroxaban may 
increase the risk of bleeding in VTE patients with GI tract cancer. Despite having no impact 
on mortality or major bleeding, clinically relevant bleeding may impair quality of life and 
lead to an increased consumption of medical resources. The present data thus suggest that 
if DOACs are used for management of VTE in GI tract cancer patients, clinicians should be 
careful about bleeding events.

The present study generated valuable data concerning the safety and efficacy of rivaroxaban 
in the management of pulmonary embolism and deep vein thrombosis in patients with GI 
tract cancer. The results suggest that clinicians need to exercise caution when administering 
rivaroxaban in this population, and that careful clinical monitoring for a bleeding event 
is warranted during the period of drug administration. Because our study has several 
limitations, further study will be needed to confirm these issues.

REFERENCES

	 1.	 Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P, et al. Deep vein thrombosis 
and pulmonary embolism in two cohorts: the longitudinal investigation of thromboembolism etiology. 
Am J Med 2004;117(1):19-25. 
PUBMED | CROSSREF

	 2.	 Stein PD, Beemath A, Meyers FA, Kayali F, Skaf E, Olson RE. Pulmonary embolism as a cause of death in 
patients who died with cancer. Am J Med 2006;119(2):163-5. 
PUBMED | CROSSREF

	 3.	 Lee AY, Levine MN. Venous thromboembolism and cancer: risks and outcomes. Circulation 2003;107(23 
Suppl 1):I17-21.
PUBMED

	 4.	 Agnelli G, Becattini C. Acute pulmonary embolism. N Engl J Med 2010;363(3):266-74. 
PUBMED | CROSSREF

	 5.	 Sørensen HT, Mellemkjaer L, Olsen JH, Baron JA. Prognosis of cancers associated with venous 
thromboembolism. N Engl J Med 2000;343(25):1846-50. 
PUBMED | CROSSREF

	 6.	 Lee AY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M, et al. Low-molecular-weight heparin versus 
a coumarin for the prevention of recurrent venous thromboembolism in patients with cancer. N Engl J Med 
2003;349(2):146-53. 
PUBMED | CROSSREF

	 7.	 Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al. Antithrombotic therapy for VTE 
disease: CHEST Guideline and Expert Panel Report. Chest 2016;149(2):315-52. 
PUBMED | CROSSREF

	 8.	 Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY, Arcelus JI, et al. Venous thromboembolism 
prophylaxis and treatment in patients with cancer: american society of clinical oncology clinical practice 
guideline update 2014. J Clin Oncol 2015;33(6):654-6. 
PUBMED | CROSSREF

	 9.	 Streiff MB, Holmstrom B, Ashrani A, Bockenstedt PL, Chesney C, Eby C, et al. Cancer-associated venous 
thromboembolic disease, version 1.2015. J Natl Compr Canc Netw 2015;13(9):1079-95. 
PUBMED | CROSSREF

	10.	 Short NJ, Connors JM. New oral anticoagulants and the cancer patient. Oncologist 2014;19(1):82-93. 
PUBMED | CROSSREF

11/13https://jkms.org https://doi.org/10.3346/jkms.2019.34.e160

Rivaroxaban for VTE in GI Tract Cancer

http://www.ncbi.nlm.nih.gov/pubmed/15210384
https://doi.org/10.1016/j.amjmed.2004.01.018
http://www.ncbi.nlm.nih.gov/pubmed/16443419
https://doi.org/10.1016/j.amjmed.2005.02.028
http://www.ncbi.nlm.nih.gov/pubmed/12814981
http://www.ncbi.nlm.nih.gov/pubmed/20592294
https://doi.org/10.1056/NEJMra0907731
http://www.ncbi.nlm.nih.gov/pubmed/11117976
https://doi.org/10.1056/NEJM200012213432504
http://www.ncbi.nlm.nih.gov/pubmed/12853587
https://doi.org/10.1056/NEJMoa025313
http://www.ncbi.nlm.nih.gov/pubmed/26867832
https://doi.org/10.1016/j.chest.2015.11.026
http://www.ncbi.nlm.nih.gov/pubmed/25605844
https://doi.org/10.1200/JCO.2014.59.7351
http://www.ncbi.nlm.nih.gov/pubmed/26358792
https://doi.org/10.6004/jnccn.2015.0133
http://www.ncbi.nlm.nih.gov/pubmed/24319019
https://doi.org/10.1634/theoncologist.2013-0239
https://jkms.org


	11.	 Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galiè N, et al. 2014 ESC guidelines 
on the diagnosis and management of acute pulmonary embolism. Eur Heart J 2014;35(43):3033-69. 
PUBMED | CROSSREF

	12.	 Samama MM. The mechanism of action of rivaroxaban--an oral, direct Factor Xa inhibitor--compared 
with other anticoagulants. Thromb Res 2011;127(6):497-504. 
PUBMED | CROSSREF

	13.	 Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D, et al. Edoxaban for the treatment of 
cancer-associated venous thromboembolism. N Engl J Med 2018;378(7):615-24. 
PUBMED | CROSSREF

	14.	 Young AM, Marshall A, Thirlwall J, Chapman O, Lokare A, Hill C, et al. Comparison of an oral factor Xa 
inhibitor with low molecular weight heparin in patients with cancer with venous thromboembolism: 
results of a randomized trial (SELECT-D). J Clin Oncol 2018;36(20):2017-23. 
PUBMED | CROSSREF

	15.	 Pignataro BS, Nishinari K, Cavalcante RN, Centofanti G, Yazbek G, Krutman M, et al. Oral rivaroxaban 
for the treatment of symptomatic venous thromboembolism in 400 patients with active cancer: a single-
center experience. Clin Appl Thromb Hemost 2017;23(7):883-7. 
PUBMED | CROSSREF

	16.	 Alzghari SK, Seago SE, Garza JE, Hashimie YF, Baty KA, Evans MF, et al. Retrospective comparison of 
low molecular weight heparin vs. warfarin vs. oral Xa inhibitors for the prevention of recurrent venous 
thromboembolism in oncology patients: the Re-CLOT study. J Oncol Pharm Pract 2018;24(7):494-500. 
https://Doi.Org/10.1177/1078155217718382
PUBMED

	17.	 Mantha S, Laube E, Miao Y, Sarasohn DM, Parameswaran R, Stefanik S, et al. Safe and effective use of 
rivaroxaban for treatment of cancer-associated venous thromboembolic disease: a prospective cohort 
study. J Thromb Thrombolysis 2017;43(2):166-71. 
PUBMED | CROSSREF

	18.	 Prins MH, Lensing AW, Brighton TA, Lyons RM, Rehm J, Trajanovic M, et al. Oral rivaroxaban versus 
enoxaparin with vitamin K antagonist for the treatment of symptomatic venous thromboembolism in 
patients with cancer (EINSTEIN-DVT and EINSTEIN-PE): a pooled subgroup analysis of two randomised 
controlled trials. Lancet Haematol 2014;1(1):e37-46. 
PUBMED | CROSSREF

	19.	 Chan NC, Eikelboom JW, Weitz JI. Evolving treatments for arterial and venous thrombosis: role of the 
direct oral anticoagulants. Circ Res 2016;118(9):1409-24. 
PUBMED | CROSSREF

	20.	 Cohen AT, Spiro TE, Büller HR, Haskell L, Hu D, Hull R, et al. Rivaroxaban for thromboprophylaxis in 
acutely ill medical patients. N Engl J Med 2013;368(6):513-23. 
PUBMED | CROSSREF

	21.	 Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al. Edoxaban versus warfarin 
in patients with atrial fibrillation. N Engl J Med 2013;369(22):2093-104. 
PUBMED | CROSSREF

	22.	 Goodman SG, Wojdyla DM, Piccini JP, White HD, Paolini JF, Nessel CC, et al. Factors associated with 
major bleeding events: insights from the ROCKET AF trial (rivaroxaban once-daily oral direct factor Xa 
inhibition compared with vitamin K antagonism for prevention of stroke and embolism trial in atrial 
fibrillation). J Am Coll Cardiol 2014;63(9):891-900. 
PUBMED | CROSSREF

	23.	 Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M, Healey JS, Oldgren J, et al. Risk of bleeding with 
2 doses of dabigatran compared with warfarin in older and younger patients with atrial fibrillation: 
an analysis of the randomized evaluation of long-term anticoagulant therapy (RE-LY) trial. Circulation 
2011;123(21):2363-72. 
PUBMED | CROSSREF

	24.	 Bauersachs R, Berkowitz SD, Brenner B, Buller HR, Decousus H, Gallus AS, et al. Oral rivaroxaban for 
symptomatic venous thromboembolism. N Engl J Med 2010;363(26):2499-510. 
PUBMED | CROSSREF

	25.	 Büller HR, Prins MH, Lensin AW, Decousus H, Jacobson BF, Minar E, et al. Oral rivaroxaban for the 
treatment of symptomatic pulmonary embolism. N Engl J Med 2012;366(14):1287-97. 
PUBMED | CROSSREF

	26.	 Recio Boiles A, Babiker HM, Scott AJ, Malangone S, McBride A, Elquza E. An analysis of the efficacy 
and safety of direct oral anticoagulants (DOACs) in gastrointestinal cancer-associated venous 
thromboembolism (GI-CAVTE). J Clin Oncol 2018;36(4 Suppl):505. 
CROSSREF

12/13https://jkms.org https://doi.org/10.3346/jkms.2019.34.e160

Rivaroxaban for VTE in GI Tract Cancer

http://www.ncbi.nlm.nih.gov/pubmed/25173341
https://doi.org/10.1093/eurheartj/ehu283
http://www.ncbi.nlm.nih.gov/pubmed/20888031
https://doi.org/10.1016/j.thromres.2010.09.008
http://www.ncbi.nlm.nih.gov/pubmed/29231094
https://doi.org/10.1056/NEJMoa1711948
http://www.ncbi.nlm.nih.gov/pubmed/29746227
https://doi.org/10.1200/JCO.2018.78.8034
http://www.ncbi.nlm.nih.gov/pubmed/28027659
https://doi.org/10.1177/1076029616677800
http://www.ncbi.nlm.nih.gov/pubmed/28714376
http://www.ncbi.nlm.nih.gov/pubmed/27696084
https://doi.org/10.1007/s11239-016-1429-1
http://www.ncbi.nlm.nih.gov/pubmed/27030066
https://doi.org/10.1016/S2352-3026(14)70018-3
http://www.ncbi.nlm.nih.gov/pubmed/27126650
https://doi.org/10.1161/CIRCRESAHA.116.306925
http://www.ncbi.nlm.nih.gov/pubmed/23388003
https://doi.org/10.1056/NEJMoa1111096
http://www.ncbi.nlm.nih.gov/pubmed/24251359
https://doi.org/10.1056/NEJMoa1310907
http://www.ncbi.nlm.nih.gov/pubmed/24315894
https://doi.org/10.1016/j.jacc.2013.11.013
http://www.ncbi.nlm.nih.gov/pubmed/21576658
https://doi.org/10.1161/CIRCULATIONAHA.110.004747
http://www.ncbi.nlm.nih.gov/pubmed/21128814
https://doi.org/10.1056/NEJMoa1007903
http://www.ncbi.nlm.nih.gov/pubmed/22449293
https://doi.org/10.1056/NEJMoa1113572
https://doi.org/10.1200/JCO.2018.36.4_suppl.505
https://jkms.org


	27.	 Vedovati MC, Germini F, Agnelli G, Becattini C. Direct oral anticoagulants in patients with VTE and 
cancer: a systematic review and meta-analysis. Chest 2015;147(2):475-83. 
PUBMED | CROSSREF

	28.	 Farge D, Trujillo-Santos J, Debourdeau P, Bura-Riviere A, Rodriguez-Beltrán EM, Nieto JA, et al. Fatal 
events in cancer patients receiving anticoagulant therapy for venous thromboembolism. Medicine 
(Baltimore) 2015;94(32):e1235. 
PUBMED | CROSSREF

	29.	 Kamphuisen PW, Beyer-Westendorf J. Bleeding complications during anticoagulant treatment in patients 
with cancer. Thromb Res 2014;133 Suppl 2:S49-55. 
PUBMED | CROSSREF

	30.	 Chan NC, Paikin JS, Hirsh J, Lauw MN, Eikelboom JW, Ginsberg JS. New oral anticoagulants for stroke 
prevention in atrial fibrillation: impact of study design, double counting and unexpected findings on 
interpretation of study results and conclusions. Thromb Haemost 2014;111(5):798-807. 
PUBMED | CROSSREF

	31.	 Vanassche T, Hirsh J, Eikelboom JW, Ginsberg JS. Organ-specific bleeding patterns of anticoagulant 
therapy: lessons from clinical trials. Thromb Haemost 2014;112(5):918-23. 
PUBMED | CROSSREF

	32.	 Chai-Adisaksopha C, Crowther M, Isayama T, Lim W. The impact of bleeding complications in 
patients receiving target-specific oral anticoagulants: a systematic review and meta-analysis. Blood 
2014;124(15):2450-8. 
PUBMED | CROSSREF

	33.	 Bathala MS, Masumoto H, Oguma T, He L, Lowrie C, Mendell J. Pharmacokinetics, biotransformation, 
and mass balance of edoxaban, a selective, direct factor Xa inhibitor, in humans. Drug Metab Dispos 
2012;40(12):2250-5. 
PUBMED | CROSSREF

	34.	 Blech S, Ebner T, Ludwig-Schwellinger E, Stangier J, Roth W. The metabolism and disposition of the oral 
direct thrombin inhibitor, dabigatran, in humans. Drug Metab Dispos 2008;36(2):386-99. 
PUBMED | CROSSREF

	35.	 Raghavan N, Frost CE, Yu Z, He K, Zhang H, Humphreys WG, et al. Apixaban metabolism and 
pharmacokinetics after oral administration to humans. Drug Metab Dispos 2009;37(1):74-81. 
PUBMED | CROSSREF

	36.	 Weinz C, Schwarz T, Kubitza D, Mueck W, Lang D. Metabolism and excretion of rivaroxaban, an oral, 
direct factor Xa inhibitor, in rats, dogs, and humans. Drug Metab Dispos 2009;37(5):1056-64. 
PUBMED | CROSSREF

	37.	 Mueck W, Stampfuss J, Kubitza D, Becka M. Clinical pharmacokinetic and pharmacodynamic profile of 
rivaroxaban. Clin Pharmacokinet 2014;53(1):1-16. 
PUBMED | CROSSREF

	38.	 Pineo GF, Hull RD. Dalteparin: pharmacological properties and clinical efficacy in the prophylaxis and 
treatment of thromboembolic diseases. Eur J Med Res 2004;9(4):215-24.
PUBMED

	39.	 Frydman A. Low-molecular-weight heparins: an overview of their pharmacodynamics, pharmacokinetics 
and metabolism in humans. Haemostasis 1996;26 Suppl 2:24-38.
PUBMED

	40.	 Xavier FD, Hoff PM, Braghiroli MI, Paterlini AC, Souza KT, Faria LD, et al. Rivaroxaban: an affordable and 
effective alternative in cancer-related thrombosis? J Glob Oncol 2017;3(1):15-22. 
PUBMED | CROSSREF

13/13https://jkms.org https://doi.org/10.3346/jkms.2019.34.e160

Rivaroxaban for VTE in GI Tract Cancer

http://www.ncbi.nlm.nih.gov/pubmed/25211264
https://doi.org/10.1378/chest.14-0402
http://www.ncbi.nlm.nih.gov/pubmed/26266353
https://doi.org/10.1097/MD.0000000000001235
http://www.ncbi.nlm.nih.gov/pubmed/24862146
https://doi.org/10.1016/S0049-3848(14)50009-6
http://www.ncbi.nlm.nih.gov/pubmed/24553904
https://doi.org/10.1160/TH13-11-0918
http://www.ncbi.nlm.nih.gov/pubmed/25187203
https://doi.org/10.1160/th14-04-0346
http://www.ncbi.nlm.nih.gov/pubmed/25150296
https://doi.org/10.1182/blood-2014-07-590323
http://www.ncbi.nlm.nih.gov/pubmed/22936313
https://doi.org/10.1124/dmd.112.046888
http://www.ncbi.nlm.nih.gov/pubmed/18006647
https://doi.org/10.1124/dmd.107.019083
http://www.ncbi.nlm.nih.gov/pubmed/18832478
https://doi.org/10.1124/dmd.108.023143
http://www.ncbi.nlm.nih.gov/pubmed/19196845
https://doi.org/10.1124/dmd.108.025569
http://www.ncbi.nlm.nih.gov/pubmed/23999929
https://doi.org/10.1007/s40262-013-0100-7
http://www.ncbi.nlm.nih.gov/pubmed/15210402
http://www.ncbi.nlm.nih.gov/pubmed/8707165
http://www.ncbi.nlm.nih.gov/pubmed/28717737
https://doi.org/10.1200/JGO.2015.002527
https://jkms.org

	Rivaroxaban versus Low-Molecular-Weight Heparin for Venous Thromboembolism in Gastrointestinal and Pancreatobiliary Cancer
	INTRODUCTION
	METHODS
	Rivaroxaban and LMWH administration
	Study groups
	Diagnosis of pulmonary embolism and deep vein thrombosis
	Demographic and clinical characteristics
	Outcome measures
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES


