
Article Not peer-reviewed version

Risk Factors of Deep Vein Thrombosis

for Cancer Patients and Their Prognoses

in the Japanese Population

Yuya Masuda , Yoshihiro Yakushijin * , Shintaro Yamanaka , Shinji Hasebe , Tomomi Fujii , Jun Yamanouchi ,

Katsuto Takenaka

Posted Date: 17 June 2025

doi: 10.20944/preprints202506.1336.v1

Keywords: cancer patient; deep vein thrombosis (DVT); prognostic factor; direct oral anticoagulant (DOAC)

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4517842
https://sciprofiles.com/profile/42441
https://sciprofiles.com/profile/4521465


 

 

Article 

Risk Factors of Deep Vein Thrombosis for Cancer 

Patients and Their Prognoses in the Japanese 

Population 

Yuya Masuda 1,*, Yoshihiro Yakushijin 1,2,3, Shintaro Yamanaka 4, Shinji Hasebe 5, Tomomi Fujii4, 

Jun Yamanouchi1,5 and Katsuto Takenaka 1,5 

1  First Department of Internal Medicine, Ehime University Hospital, Toon city, Ehime and Japan 

2  Department of Clinical Oncology, Ehime University Graduate School of Medicine, Toon city, Ehime and 

Japan 

3  Cancer Center, Ehime University Hospital, Toon city, Ehime and Japan 

4  Palliative Care Center, Ehime University Hospital, Toon city, Ehime and Japan 

5  Department of Hematology, Clinical Immunology and Infectious Diseases, Ehime University Graduate 

School of Medicine, Toon city, Ehime, Japan 

* Correspondence: yoshiyak@m.ehime-u.ac.jp; Phone: +81-89-960-5969, Fax: +81-89-960-5299  

Abstract: Objective: Deep vein thrombosis (DVT) occurring in cancer patients accounts for about 

9.2% of deaths. Here we retrospectively analyzed patients who had been newly diagnosed with solid 

cancers over a 7-year period in the Japanese population. Patients or Materials: We analyzed a series 

of 1,399 patients with solid cancers and suspected DVT treated at Ehime University Hospital. As 

controls, cancer patients with suspected DVT upon physical and hematological examinations and 

those in whom DVT had been not confirmed by detailed examination (echography and/or contrast-

enhanced CT) were used. Several prognostic factors for DVT and non-DVT patients were extracted 

from the electronic medical record. Results: From among the 1,399 patients, leaving 224 patients with 

DVT and 560 without DVT as controls. The median overall survival (OS) period was 5.87 years for 

patients with DVT and 6.81 years for patients without DVT (p=0.0014). Anemia and 

thrombocytopenia were found to be strong risk factors related to an increased incidence of DVT. 

Female cancer patients with DVT had a significantly worse outcome than those without DVT 

(p=0.028). Analysis of OS in patients with DVT associated with gynecological cancers following 

treatment with three different direct oral anticoagulants (DOACs; edoxaban, rivaroxaban, and 

apixaban) indicated that those treated with apixaban had a significantly worse outcome than those 

treated with the others (p=0.019). Conclusion: Our findings suggest that patients with solid cancers, 

especially gynecological cancers, have a poorer prognosis if they also have anemia and a low platelet 

count. Furthermore, the choice of DOAC for treatment of DVT may impact the prognosis. 

Keywords: cancer patient; deep vein thrombosis (DVT); prognostic factor; direct oral anticoagulant 

(DOAC) 

 

1. Introduction 

Venous thromboembolism (VTE) for cancer patients, which mainly includes deep vein 

thrombosis (DVT), pulmonary embolism (PE), and mesenteric venous thrombosis (MVT) [1], occurs 

over 20% of the population with cancer [2] and  leads to increased morbidity, such as the need for 

anticoagulation treatment, delays in delivering chemotherapy, a risk of fatal bleeding and infarction, 

and ultimately a decreased quality of life (QOL) [3,4].  The Khorana score (KRS), a model for 

prediction of venous thromboembolism (VTE), also has been proposed for evaluating the risk of DVT 

in cancer patients recently [5]. The KRS assesses the risk of developing VTE based on information 

such as the cancer site (especially cancers located in abdominal organs), blood parameters (white 
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blood cell, red blood cell, and platelet counts), and body mass index (BMI). However, this scoring 

system has been based predominantly on Western data, raising uncertainties about its ability to 

predict VTE risk among individuals of Asian descent. 

The purpose of the present study was to investigate in detail the risk factors associated with 

VET, focused on DVT development, in Japanese patients newly diagnosed with cancers, especially 

gynecologic or gastrointestinal cancers. Disparities in the incidence and clinical manifestation of DVT 

among patients with gynecologic and gastrointestinal cancers, both classified as high-risk groups 

according to the KRS score, were then clarified, allowing DVT treatment-associated outcome to be 

evaluated. 

2. Materials and Methods 

2.1. Studied Patients and Exclusion Criteria 

A total of 1,399 patients newly diagnosed as having solid cancers, and with diagnosed or 

suspected DVT, were reviewed based on their electronic medical records in the Cancer Registries at 

Ehime University Hospital, covering the period from January 2013 to December 2020. These included 

(#1) all diagnosed cases of cancer based on their pathological diagnosis, (#2) patients receiving any 

first-line treatments, (#3) excluded patients with more than one type of cancer awaiting first-line 

treatment and considered unsuitable for the present prognostic analysis. In addition, (#4) cases in 

which patients had been prescribed medication for a diagnosis of VTE prior to the diagnosis of cancer 

were excluded. These cases were classified according to the Multiple Primary and Histology Coding 

Rules for the National Program of Cancer Registries in Japan in the present study. (This is nationally 

registered information about cancer patients and the treatments they receive.) [6]  

2.2. Analysis of Cancer Patients And Their Survival In Relation To Prognostic Factors 

For analysis of prognostic factors, the survival time of the study patients was investigated from 

the date of enrollment for any treatment in 2013 to the date of the last follow-up (at the end of 2023) 

or date of death. However, this included some patients who had requested hospital transfers for 

further treatment after first-line treatment (hospital-change cases). Clinical data for cancer patients 

gathered from the electronic medical records included cancer type, sex, age, ECOG performance 

status (PS), primary site, body mass index (BMI), blood and biochemical test data, details of treatment 

and outcomes, and outcomes associated with direct oral anticoagulant (DOAC) administration. The 

disease stage in each patient was based on the AJCC Cancer Staging System 8th edition. For cases 

complicated by DVT, the presence of thrombus was confirmed by ultrasonography of the lower 

extremity veins (compression ultrasonography) or contrast-enhanced CT scan. Cancer patients with 

suspected DVT upon physical and hematological examination on admission but without confirmed 

DVT complications after several examinations such as ultrasonography and contrast-enhanced CT 

scan were defined as controls (patients without DVT). These patients instead of all cancer patients 

were used as controls. The reasons for using this group (patients without DVT) as controls were, if 

all cancer patients were used as controls,  it would include patients in whom DVT had not been 

confirmed (those who had not been examined for DVT), and it would include many patients with 

localized stage I or II cancer without any complications such as DVT [7]. 

Overall survival (OS) curves were calculated for each prognostic group according to the Kaplan-

Meier method and analyzed using the log-rank univariate test. Fisher’s exact test and chi-squared 

test were performed to detect significant differences among the groups at P <0.05. Prognostic factors 

were subjected to univariate and multivariate analyses using Cox’s proportional hazard model. All 

statistical analyses were performed using the SAS software package version 9.4 (SAS Institute Inc., 

Cary, NC, USA). 

2.3. Ethical Considerations 
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This study was approved by the Ethics Committee for Clinical Studies at Ehime University 

Graduate School of Medicine (study IRB; Ehime 2109016), and carried out in accordance with the 

ethical standards of the 1995 Declaration of Helsinki (as revised in Brazil 2013). Informed consent was 

by the opt-out principle; we disclosed information about the study on the associated website 

(https://www.m.ehime-u.ac.jp/school/clinical.oncology/?page_id=1487) and provided patients an 

opportunity to decline to participate in the study. 

3. Results 

3.1. Patient Demographics 

We first tried to predict the risk factors for DVT among a non-Caucasian population with solid 

cancers, especially Japanese patients, focusing on three types of solid cancers: gastrointestinal 

cancers, gynecological cancers, and other cancers. KRS had indicated higher risks of DVT among 

patients who had primary cancers located in abdominal organs. However, the results had been based 

on data from Caucasians, who differ in various aspects from Asians. We confirmed that the study 

population comprised 784 patients, comprising 224 patients and 560 patients as controls. From the 

electronic medical records, we selected cancer patients with suspected DVT, and in whom DVT had 

been ruled out after thorough examinations as controls. Figure 1 shows a flow diagram of the 

procedures used for patients with or without DVT, and Tables 1 A and B show the patient 

characteristics and the cancer types. 

Table 1. Cancer types and patient characteristics;  patient characteristics and cancer types. 
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Figure 1. Flow diagram of procedures for patients with or without DVT. 

3.2. Analysis of Outcome in Patients with or Without DVT and Risk Factors for DVT 

We performed baseline Kaplan-Meier survival analysis to estimate the OS of the patients with 

or without DVT. Figure 2 shows the Kaplan-Meier overall survival (OS) curves of the four groups of 

cancer patients: cancer patients overall (A) (n=784), female cancer patients (B) (n=478), patients with 

gynecological cancer (C) (n=276), and patients with gastrointestinal cancer (D) (n=185). Table 2 shows 

the multivariate analysis of risk factors related to an increased incidence of DVT. The OS curves showed 

that patients who had DVT at the time of cancer diagnosis had a poorer outcome, and that this 

tendency was particularly marked for female patients with cancer and patients with gynecological 

cancer. Multivariate analysis revealed that advanced stage, a low creatinine level, anemia (Hb <11 

g/dL) and thrombocytopenia (Plt <15 x 104/μL) were risk factors for development of DVT (Table 2). 

Table 3 focuses on risk factors for DVT in female patients and patients with gynecological cancer. 

This analysis indicated that female patients, especially those with gynecological cancer, those who 

were elderly, and those who had a poor performance status (PS), anemia, and thrombocytopenia, had 

a higher risk of DVT. Interestingly, BMI was not a risk factor in this current Japanese cohort. 

  

Figure 1
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Table 2. Multivariate analysis of risk factors for DVT in patients with cancer (n=784) . 

 

Table 3. Multivariate analysis of prognostic factors among female patients with or without DVT; (A) female 

patients, (B) patients with gynecological cancer. 
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Table 4. Cancer types and patient characteristics based on the type of treatment for DVT;  patient characteristics 

and cancer types. 
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Figure 2. Overall survival of patients with or without DVT; (A) all patients, (B) female patients, (C) patients with 

gynecological cancer, (D) patients with gastrointestinal cancer. 

3.3. Impact of DVT Treatment with oral Anticoagulants on Patient Outcome 

Recently in Japan, three direct oral anticoagulants (DOACs), rivaroxaban, edoxaban, and 

apixaban, had been introduced into clinical practice in 2012 and had been approved for DVT in 2015. 

Analysis of DOAC-associated patient mortality, indicated in Figure 3, revealed that the mortality of 

cancer patients treated with apixaban was slightly higher than that of patients treated with the other 

agents. This tendency was more pronounced for patients with gynecological cancer (Figure 4).  

 

Figure 3. Overall survival based on the type of treatment for DVT; (A) all patients, (B) female patients. 

Figure 2
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Figure 4. Overall survival based on the type of treatment for DVT (apixaban versus others); (A) female patients, 

(B) patients with gynecological cancer. 

4. Discussion 

Despite being a single-center study, our current analysis included 784 cancer patients and 

revealed that the incidence of DVT was significantly higher in patients with gynecological cancers, 

as well as those with hematological abnormalities, such as a hemoglobin level of <11 g/dL or a platelet 

count of <15 x 104/μL. These findings suggest that the primary tumor site and anemia are significant 

risk factors for DVT, being consistent with the KRS findings. Conversely, body mass index (BMI), 

another risk factor identified on the basis of the KRS, was found not to be a significant risk factor in 

the present Japanese cohort. 

It is well established that intra-abdominal cancers and patient obesity contribute to deep venous 

stasis, thereby increasing the risk of DVT. Additionally, anemia exacerbates hypoxia and circulatory 

failure in peripheral tissues, leading to endothelial damage and an increased tendency for 

coagulation due to endothelium-derived coagulation factors [8,9]. Furthermore, in cancer patients, 

platelet activation, rather than quantitative abnormalities, has been implicated in increased 

coagulability [10], with consequent platelet consumption and reduction reflecting a higher risk of 

DVT [11]. Our present findings suggest that risk factors similar to those on which the KRS is based, 

in conjunction with a reduced platelet count, were significant contributors to DVT in this cohort. 

Moreover, DVT was significantly more prevalent among patients who received radiotherapy during 

post-treatment follow-up (data not shown), potentially due to vascular endothelial damage [12]. The 

absence of obesity as a risk factor for DVT in our cohort may be attributed to the lower prevalence of 

obesity in the general Japanese population, in comparison to Western populations. 

Our comparison between patients with and without DVT showed that the former had poorer 

outcomes across all cancer types. This finding suggests that, beyond the direct impact of DVT on life 

expectancy, complications arising from DVT and its treatment may adversely affect the management 

of the underlying malignancy. However, differences in patient demographics, such as sex ratio, age, 

Figure 4
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and disease stage, between the DVT and control groups may have introduced variability into the 

prognostic analysis. To address this, we conducted an additional analysis focusing on female patients 

with gynecological cancers, as per the KRS guidelines. This analysis revealed a more pronounced 

negative impact of DVT on life expectancy among women with cancer, particularly gynecological 

cancers (Figure 2C). This aligns with previous studies [13–15], which have reported that thrombotic 

complications worsen patient outcome. These results are noteworthy, as they indicate that the 

presence of DVT not only significantly influences the prognosis of patients with gynecological 

cancers but may also affect the course of treatment for the tumor itself. One plausible example of this 

is a reduction in the intensity of anti-tumor therapy due to DVT complications. For instance, 

bevacizumab, an anti-vascular endothelial growth factor (VEGF) antibody commonly used for 

patients with gynecological tumors, has a well-documented profile of adverse effects, including an 

increased risk of thrombosis and bleeding due to vascular endothelial damage. This may limit its use 

in patients with DVT. Additionally, DVT-related complications may contribute to anemia and 

thrombocytopenia, potentially compromising the maintenance of therapeutic intensity. These issues 

are particularly relevant for colorectal cancer, for which bevacizumab is frequently administered. 

Unfortunately, the present study did not undertake a detailed assessment of DVT complications in 

relation to the types of anticancer treatment. 

Recent randomized phase III trials comparing DOACs with low-molecular-weight heparin, 

which is traditionally considered safe, effective, and associated with a lower recurrence rate for 

treating VTE in cancer patients, have demonstrated that DOACs are not inferior in terms of treatment 

efficacy and recurrence rate [16]. In addition, trials comparing individual DOACs with vitamin K 

antagonists (VKAs) for the treatment of VTE have shown that DOACs are not inferior in terms of 

efficacy and recurrence rate [17–20]. Consequently, VTE treatment has shifted from VKAs to DOACs 

in view of their efficacy, standardized dosing, reduced requirement for monitoring, less frequent 

follow-up, and fewer interactions with food or drugs [21].  

In the present study, we also examined the impact of each DOAC on patient outcome. 

Interestingly, while the type of DOAC employed affected outcome across all cancer types (Figure 

3A), apixaban in particular was associated with a poorer outcome, especially in patients with 

gynecological cancer (Figure 4B). Although DOACs are generally associated with fewer drug-drug 

interactions, the potential for antitumor medications affecting CYP3A4 enzymes or P-glycoprotein to 

alter the blood concentrations of DOACs, and thus their anticoagulant effects, warrants 

consideration. Recently, DOACs have been evaluated for their use in cancer patients. For examples, 

apixaban has been deemed the most effective and safest treatment for DVT in cancer patients in a 

systematic review [22].  In contrast, a study using a small number of patients has indicated that 

edoxaban might be a viable treatment option for gynecological cancer, because as multiple cycles of 

taxane-based chemotherapy were shown not to significantly alter edoxaban trough blood 

concentrations or the area under the curve (AUC) [23]. In addition, to a retrospective study about the 

clinical safety of edoxaban [24], increased risk of bleeding in  the use of rivaroxaban or apixaban for 

patients with gynecological cancer has been reported [25,26]. At present, interactions between 

DOACs and antitumor treatments, such as alterations of the blood concentration levels, remain 

inadequately studied. As a twice-daily apixaban dosing regimen may negatively impact treatment 

compliance for both VTE and cancer, selection of an appropriate DOAC for each type of cancer 

warrants further investigation. 

One of the limitations of this study was that it was a single-center, retrospective analysis. 

Therefore, future prospective, multi-center studies, along with basic research into pharmacological 

interactions, will be necessary to further explore the issues raised by the present findings. 

Ethics approval and consent to participate: This study was approved by the Ethics Committee for 

Clinical Studies at Ehime University Graduate School of Medicine (study IRB; Ehime 2109016), and 

carried out in accordance with the ethical standards of the 1995 Declaration of Helsinki (as revised in 

Brazil 2013). Informed consent was by the opt-out principle; we disclosed information about the study 
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