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Abstract

Venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis (DVT) occurs more frequently in
cancer patients than in the general population. A retrospective cross-sectional study was carried out in patients with solid tumor
complicated with VTE admitted to the Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science
and Technology between January Ist, 2008 and December 31th, 2017. The incidence of VTE in hospitalized cancer patients was
|.8%, twice the incidence of VTE in hospitalized non-cancer patients. The annual incidence of cancer-associated VTE in our center
varied between 1.6% in 2015 and 0.4% in 2009 with an overall average incidence of 1.3% over the research decade. BMI values of
549(67.7%) cancer patients were within the normal range, but none of patients had BMI greater than 35 kg/m?. 747(92.1%) cancer
patients had ECOG PS score < 2 and 481(59.3%) had distant metastasis. Patients with pancreatic, bladder, ovarian and endo-
metrial cancer had the highest incidence of VTE. Upper extremity DVT (47.2%) was more common in cancer patients and might
be closely associated with CVC (74.9%), while lower extremities DVT (36.1%) intended to PE development (15.0%). The annual
incidence rates showed a fluctuating and upward trend over the research decade. VTE occurrence was closely related to tumor
stage, tumor site, catheterization and anti-neoplasm therapy in cancer patients.
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Introduction

Venous thromboembolism (VTE) is a common complication in

the natural history of malignancies. Cancer patients are at a
high risk of VTE, account for approximately 20% of all vein
thrombosis patients' and have a 4- to 6-fold increased risk of
developing vein thrombosis compared to patients without can-
cer. VTE, which comprises deep vein thrombosis (DVT) and
pulmonary embolism(PE), is responsible for 9% of death in
cancer patients, making it the second leading cause of death
for cancer patients.” Acute idiopathic VTE can even present as
the first manifestation of an occult malignancy when it devel-
ops in less common sites such as the neck, the vena cavae, or
the visceral.’ Additionally, the development of VTE in a cancer
patient always portends a worse prognosis.*
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Despite the severity of VTE, few studies provide informa-
tion on VTE specific to the Chinese cancerous population. In
fact, the sensitivity and specificity of the present scales for
VTE assessment (eg. Caprini Risk Score, Padua Prediction
Score and Khorana Risk Scor) are not high enough to predict
VTE among the hospitalized cancer population.® In this retro-
spective analysis, records of patient admitted to Cancer Center,
Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology (HUST) between 2008 and 2017
were analyzed to estimate the incidence of VTE in patients
with malignancies. In addition, the characteristics of patients,
medication and thrombosis were further analyzed to reflect the
incidence and regularity of VTE among the Chinese cancer
population, to arouse the highlight of oncologist on the VTE
risk in the long lasting anti-neoplasm treatment.

Materials and Methods
Patients and Data Sources

The retrospective population based cross-sectional study was
defined as hospitalized patients with a confirmed diagnosis of
solid malignancies admitted to the Cancer Center, Union Hos-
pital, Huazhong University of Science and Technology
(HUST) between January 1st, 2008 and December 31th,
2017. Patients was screened and diagnosis information was
abstracted from medical records of hospital admission through
International Statistical Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9 CM) code (C00-89, 97).
The cancer stage was established based on clinical assessment
and imaging following the sixth Edition of the UICC TNM
classification of malignant tumors.

Definition of Deep Venous Thrombosis and Pulmonary
Embolism

Deep veins referred to veins accompanying the arteries of the
same name. DVT was diagnosed according to ultra-
sonographic result, and PE was radiologically diagnosed by
computerized tomographic pulmonary angiography (CTA).
Patients were excluded if they: had superficial venous throm-
bosis, solid cancer diagnosis was not confirmed, diagnosed of
VTE 1 year prior to first cancer diagnosis,” had thrombosis
resulting from direct tumor invasion.

Statistical Analysis

The data was summarized using standard descriptive statistics
for demographic characteristics and clinical variables. Inci-
dence was calculated as the proportion of patients developing
VTE or DVT or PE in each year or the 10-year studying period.
The denominator was the total number of solid cancer inpati-
ents for the specified time period. In analyses, we stratified for
BMI (<18, 18 ~25,25~30, >30), Eastern Cooperative Oncol-
ogy Group-Performance Status (ECOG-PS) scores (0~1, 2,
3~4). Miss value was filled with interpolation method.
Chi-square or Fisher test was used to calculate the statistical

differences among categorical variable. A p value < 0.05 was
considered statistically significant. SPSS 17.0 software was
used for data analysis. Venn diagram was plotted through web-
site tool.”

Results

Annual Incidence of Venous Thromboembolism in Cancer
Patients

Among 45,315 solid cancer patients admitted to the Cancer
Center, Union Hospital, Tongji Medical College, HUST,
between January 1st, 2008 and December 31th, 2017, 811 cases
(1.79%) were diagnosed with VTE during their hospitalization
period. Among these patients, 776 cases (1.71%) were diag-
nosed with DVT and 103 patients were (0.23%) diagnosed with
PE (including 66 cases complicated with DVT and 37 cases
without).

The annual incidence of cancer-associated VTE (CAT) in
our cancer center varied between 1.62% in 2015 and 0.35% in
2009, with an overall average incidence of 1.30% over the
research decade. The incidence rate of VTE showed a general
ascending trend from 2008 to 2015, but revealed a descending
trend from 2016 to 2017. Incidence rates of both DVT and PE
showed similar trend as that of VTE.(Supplementary Figure 1)
Annual incidences of VTE in non-cancer patients ranged from
0.75% to 0.99% with an overall incidence rate at 0.91%.
Patients hospitalized with solid malignancies had twice the
incidence of VTE as in patients without cancer.

Incidence of Venous Thromboembolism by Subtype
of Cancer

Patients with lung cancer, cervical cancer, colorectal carci-
noma, breast cancer and lymphoma accounted for 32.4%,
9.3%, 8.6%, 8.4%, and 6.4% of all VTE patients respectively
(Figure 1A).

The incidence rate of VTE of the most common cancer were
shown in Table 1. According to the VTE incidence rate, the
cancers were divided into 3 groups. No statistical difference
was found within each group, while there was a prominent
difference (p <0.01) between different risk groups. A relatively
high risk (4.3%) of developing VTE was found in patients with
cancers of pancreas, bladder, uterus endothelial and ovary can-
cer were featured with relatively high risk. Lung, testis, color-
ectal, cervical, stomach, cervical, breast, prostatic cancers and
lymphoma were found to have a moderate risk (2.3%) of VTE
development. Low risk (1.1%) was observed in patients with
breast, esophagus, hepatic carcinoma and brain cancer.
(Table 2)

Epidemiology of Venous Thromboembolism in Cancer
Patients

Among all the 811 VTE patients complicated with cancer, 393
were female (1.9%) and 418 were male (1.7%) with no
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Figure I. Clinical features of VTE: A. composition of cancer subtypes inVTE patients with malignancy. clinical features of VTE: B The blue ellipse
represented DVT developed in the upper limbs, the yellow ellipse represented DVT developed in the lower limbs, the green ellipse represented
DVT developed in the splanchnic veins and the red ellipse represented DVT developed in the neck or thorax. The overlap area represented that
the site of DVT located in 2 anatomic parts of the body. (ULDVT: upper limb DVT, LLDVT: lower limb DVT, SPDVT: splanchnic DVT, N&T

DVT: neck and thoracic DVT).

statistical difference between the 2 sexes (x> = 0.69, p = 0.41).
The mean age at onset of VTE was 54.8 + 11.5 years old.
The average Body Mass Index (BMI) of patients was 20.8
+ 3.3 kg/m?. The lowest BMI value was 13.8 kg/m? and the
highest 33.3 kg/m?. A majority of patients (67.7%) had a BMI
within the normal range of 18 to 25 kg/m?. Only 3.1% of the
patients were obese or with a BMI over 30 kg/m?. (Table 3)

747 (92.1%) patients had ECOG-PS score < 2, and only 64
of them (7.9%) couldn’t live on their own with ECOG PS score
more than 2. The TNM classification distribution of cancer
patients with VTE was 6.7%, 12.6%, 20.0%, 59.3% for stage
L II, II1, IV respectively. (Table 3)

44 patients (5.4%) were diagnosed with VTE before their
diagnosis of malignancy. VTE occurred in 392 patients
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(48.3%) simultaneously or within 3 months of their initial
diagnosis of cancer. There were 91(11.2%), 79(9.7%),
89(11.0%), and 75(9.3%) patients diagnosed with VTE
between 3 to 6 months, 6 months to 1 year, 1 to 2 years,
2 to 5 years of cancer diagnosis. Only 41(5.1%) cases had
VTE onset 5 years after their first cancer diagnosis.
(Table 3)

Therapeutic Treatment of Cancer Patients With Venous
Thromboembolism

Two-thirds of patients (n = 544) had received chemotherapy
within 6 months prior to the diagnosis of VTE. Among
these patients, 41.8% (n = 339) of them were on a platinum-
containing regimen, 18.7% (n = 152) on the taxane-containing

Table 1. Site distribution, PE and Central Venous Catheter (CVC) of
cancer patients With DVT diagnosis.

with PE with CVC
Site DVT (Percentage, %) (Percentage, %)
Upper extremities 366 13 (3.55) 274 (74.86)
Lower extremities 280 43 (15.00) 39 (13.93)
Splanchna 16 2 (12.50) 2 (12.50)
Neck or thorax 70 4 (5.71) 28 (40.00)
Upper & Lower 6 2 (33.33) 3 (50.00)
extremities
Upper extremities& 34 3 (8.82) 21 (61.76)
neck& thorax
Lower extremities & I 0 0
splanchna
Lower extremities& I 0 0
thorax& neck
Thorax& neck& 2 0 0
splanchna
Total 776 68 (8.51) 367 (47.29)

regimen, 14.1% (n = 114) on pyrimidine derivatives, 12.8%
(n = 104) on cytosine derivatives, and 11.3% (n = 92) on
alkylating agent regimen. 102 patients (12.6%) were being
treated with or had received target therapy within half year
before the VTE confirmation. 6.7% (n = 54) of them were
treated with anti-VEGF agents. 44(5.4%) were on anti-
EGFR/TKI containing regime. Only 26.6% of the patients (n
= 216) were under radiotherapy 6 months before the diagnosis
of VTE. Postoperative patients were at a high risk of VTE 6
months after surgery, and accounted for 34.8% of patients with
VTE. (Table 3)

Clinical Characteristics of Venous Thromboembolism

Of the 811 VTE patients, 708(87.3%) developed only DVT
without PE, 35(4.3%) developed PE without DVT, and
68(8.4%) developed both DVT and PE. Among the 776
patients with DVT, the most commonly affected sites were the
upper extremities (47.2%), lower extremities (36.1%), thoracic
and neck veins (including jugular vein, superior vena cava and
right atrium) (9.0%) and splanchnic veins (2.1%). Due to the
network of blood vessels in the body, 34 patients (4.4%) were
found to have developed DVT in the upper limb as well as the
neck and thoracic veins, 2(0.3%) had developed DVT both in
splanchnic, neck and thoracic veins. One patients had devel-
oped DVT in the lower extremities and splanchnic veins. Only
7(0.9%) patients were found to have developed DVT in dis-
continuous veins (6 cases with DVT in both upper and lower
extremities, 1 with DVT in lower extremities, thorax and neck
veins). (Figure 1B and Table 1)

The incidences of patients with DVT in the lower extremi-
ties and splanchnic veins developing PE were 15.4%, 12.5%
respectively, which were higher than the risk of PE developing
with DVT in other sites (8.8%). The risk of developing PE was
lowest in patients with thrombosis of upper extremity (3.5%).

Table 2. Incidence Rates of VTE in Several Common Types of Solid Cancer.

N (Incidence, %)

Incidence Overall
Cancer subtype total male female group incidence (%) P
Pancreas Cancer 21(4.42) 16(5.19) 5(2.99) High 4.36 <0.01
Bladder Cancer 11(5.64) 9(5.63) 2(5.71)
Ovarian Cancer 34(4.49) - 34(4.49)
Endometrial Carcinoma 13(3.40) - 13(3.40)
Lung Cancer 265(2.57) 182(2.55) 83(2.62) Middle 2.30
lymphoma 48(2.38) 19 (2.36) 29 (2.41)
Colorectal Cancer 68(2.30) 40(2.27) 28(2.34)
Cervical Cancer 73(2.30) - 73(2.30)
Stomach Carcinoma 44(1.84) 27(1.74) 17(2.02)
Breast Cancer 69(1.92) - 69(1.92)
Prostatic Cancer 5(1.40) 5(1.40) -
Esophagus Carcinoma 23(1.30) 19(1.31) 4(1.29) Low .14
Hepatic Carcinoma 14(1.20) 12(1.22) 2(1.11)
Brain Cancer 5(0.59) 3(0.63) 2(0.54)

According to the incidence rates of VTE in each subtype of cancer, they were divided into 3 groups and the overall incidence rate for each risk group was
calculated. No difference was found between subtypes of cancer within each risk group, while different risk groups had dominant difference (p < 0.01).
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Table 3. Summary of Demographic and Clinical Characteristics of Patients at Time of Venous Thromboembolism (VTE) Diagnosis, and
Therapeutic Treatment of Patients Before VTE Diagnosis. All the Anti-Cancer Therapies were Within 6 Month Before the VTE Diagnosis,
the Supportive Treatment were within | Month Before the VTE Diagnosis.

No. of VTE patients Percentage No. of VTE patients Percentage
Characteristics (N =8lI1) (%) Therapy (N =38l1) (%)
BMI (kg/m?) Chemotherapy 544 67.08
<18 43 5.30 Platinum 339 41.80
18~25 549 67.70 Taxane 152 18.74
25~30 194 23.92 Pyrimidine derivatives 114 14.06
>30 25 3.08 Cytosine derivatives 104 12.82
unknown 107 13.19 Alkylating agent 92 11.34
ECOG PS Antibiotic 88 10.85
0~1 406 50.06 Folic acid derivatives 76 9.37
2 341 42.05 Vinblastin 58 7.15
3~4 64 7.89 Topoisomerase 50 6.17
Staging Asparaginase 4 0.49
I 54 6.67 Thalidomide 7 0.86
I 102 12.58 Target therapy 102 12.58
i 162 19.98 Anti-VEGF 54 6.66
v 481 59.31 Anti-EGFR/TKI 44 5.43
undefined 12 1.48 HER2 10 1.23
Time of VTE diagnosis Anti-CD20 16 1.97
before cancer diagnosis 44 543 Radiotherapy 216 26.63
0 to 3 months 392 48.34 Surgery 282 34.77
3 to 6 months 91 11.22 Supportive Treatment
6 months to | year 79 9.74 EPO and G-CSF 223 27.50
| to 2 years 89 10.97 Corticosteroids 194 23.92
2 to 5 years 75 9.25 Blood transfusion 52 6.41
after 5 years 4] 5.06 Medroxyprogesterone 14 1.73

Among 366 patients with DVT in the upper extremities,
274(74.9%) had been inserted with a central venous catheter
(major peripheral central venous catheter). However, only 39
out of 280 (13.9%) with DVT in the lower extremities were
inserted with a central venous catheter. This implied that the
major cause of DVT development in the upper extremities
might be the insertion of central venous catheter. (Table 1).
Upper extremity DVT was more commonly diagnosed in can-
cer patients, but less likely to cause severe complications than
lower extremity DVT.

Discussion

Cancer is a well-recognized high risk factor of VTE, and VTE
is the most common complication in cancer patients. Cancer
alone is associated with a 4 to 7 fold risk of thrombosis.®’ Stein
has reported that incidence of VTE in patients hospitalized with
common cancer also had twice the incidence of VTE in patients
without cancer. Our data was similar to Stein’s result in the
United State, the risk of VTE in hospitalized patients with solid
cancer (1.79%) was nearly twice in hospitalized patients who
were not diagnosed with malignancy (0.91%), and was much
lower than the risk as compared with the normal person. The
difference might attributed to that control groups in our
research and Stein’s research both were hospitalized patients
without cancer, who had relatively higher risk of VTE as com-
pared with the general population.

The prevalence of VTE in Chinese cancerous population
still lacks large-scale cohort studies, only a single-center
retrospective analysis in China has reported the incidence
of pulmonary embolism in hospitalized patients with solid
malignancies to be 0.27%.'® Our research intended to pro-
vide this data, the incidence of VTE, PE and DVT among
the admission solid cancer patients between 2008 and 2017
in our center were 1.79%, 0.23%, 1.71%. As the observed
patients in this study were followed up to 2018, it might be
appropriate to calculate VTE incidence in events per 1,000
person-years (p-y), for easy comparison of the incidence
rate acquired in this research with those in previous studies.
The incidence rates calculated in this study was 13 events
per 1,000 p-y.

According to data of previous research, VTE prevalence
ranged from 8/1000p-y in Denmark between 1997 and 2006
to 58/1000p-y in United Kindom between 2001 and 2011. Our
data showed that incidence of VTE in Chinese patients with
cancer was at a relative low level. In the United State, incidence
was 20/1000p-y according to Stein’s research between 1979
and 1999, however, it decreased to 12/1000p-y between 2005
and 2014, presented a non-significant downward trend and
declined by 60% over this period. Although VTE prevalence
was relatively low among solid cancer population in our center,
the incidence in China had exceeded that in the United State.
The upward trend implied that race factor might not be a crucial
factor in the thrombosis generation, and VTE occurrence
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should be regarded as the increasing caner prevalence and the
widely used target drug in recent several years.(Supplementary
figure 2)

Cancer cells activate the clotting system by releasing pro-
coagulant properties, making it the main cause of hypercoagul-
ability of cancer patients. Rates of VTE varied in different
cancer sites, and the largest proportion of VTE patients with
cancer did not necessarily have the highest VTE risk. Patients
with tumors of pancreas, ovarian and brain cancer are generally
reported to be most strongly associated with VTE.>!'! Digestive
system cancers (e.g., stomach, colon rectum), kidney, bladder
cancer, and lung adenocarcinoma showed moderate risk of
VTE. Relatively low risks were seen in patients with breast
or prostate cancer.'?

Most common cancer types bar brain tumor showed similar
incidence rates in this research and previous studies. The inci-
dence of VTE in brain tumors especially glioblastoma (GBM)
is controversial. Shlomit et al. had reported that the incidence
of VTE in GBM patients was as high as 22% in M. D. Anderson
Center."® Another cohort showed that VTE occurs in 20% of
gliomas in Southern Alberta of Canada.'® In our center, only 6
out of over 800 (0.59%) GBM patients were diagnosed with
VTE. This difference might due to racial difference, genetic
variation, admission bias and anti-cancer therapies. The admis-
sion GBM patients in our center had a relatively high ECOG PS
score and their admission were mainly for radiotherapy, so
their VTE risk during admission was not as high as the risk
during the long-term follow-up.

Obesity is an independent factor for venous thrombosis.'®> A
majority of Chinese cancer patients (67.7%) had a normal BMI
(18 to 25 kg/m?), and only few patients (3.1%) had a BMI
ranging between 30 and 35 kg/m>. None of the patients had a
BMI over 35 kg/m?. Nevertheless, less than half of the patients
had a BMI below 25 kg/m?, and 23% larger than 30 kg/m? in
westerners'>'® This could be attributed to the differences in
physicality, nutrition status and dietary concept. Our previous
study had shown that setting the BMI of tumor patients at 24kg/
m? as a benchmark during anti-cancer therapy could improve
the predictive value of Khorana scale.® It implied that the cur-
rent cut-off value of BMI >35 kg/m? in Khorana scale might
not suitable for Chinese cancer population. Whether modifying
BMI cut-off value could improve the sensitivity and specificity
of the existing VTE assessment scales was worthy further pro-
spective study.

Blood stasis and hypercoagulability status is considered
more crucial than endothelial damage in the pathogenesis of
VTE in cancer patients.'” It is widely accepted that bed rest and
long journey are common reasons for the formation of VTE
especially lower limbs DVT. Therefore, bed rest for over 72
hours is an important item in the commonly used venous
thromboembolism prediction scores. However, our results
demonstrated that 92.1% VTE patients had relative good phys-
ical status with ECOG PS equal or less than 2, implying a
closer relationship between hypercoagulability of cancer
patients and VTE occurrence.

In several cohort studies focusing on cancer patients, the risk
of VTE increased significantly with the advancing tumor
stage.'"'® Our cross-sectional study showed that 59.3% of VTE
patients with cancer were in stage IV, indicating the relatively
higher risk of VTE in advanced cancer patients.

In the previous literature, 1 of 10 persons presenting with
idiopathic VTE is diagnosed with cancer afterward within 5 to
10 years’ time, and the diagnosis is confirmed within 1 year in
75% of cases.” 5.4% of subjects in our study found VTE 1 year
before their first diagnosis of cancer. More than half of the
patients developed VTE within 6 months after their initial can-
cer diagnosis, in consistent with Blom and Horsted’s conclu-
sion that risk of VTE was highest in the first 6 months since the
diagnosis of malignancy.'®*° The incidence decreased signif-
icantly after 5 years of first tumor diagnosis (5.1%).

The risk of VTE should be increasing gradually as the
progress of cancer, contrary to the phenomenon that VTE risk
was highest in the first few months after the diagnosis of
cancer. There must exist other factors resulting in VTE occur-
rence. Considering this, we traced back to the anti-cancer
therapies half year before VTE diagnosis. Chemotherapy,
widely used in 67.1% patients, has been reported to be asso-
ciated with a 2- to 6-fold increased VTE risk. Although only
12.53% patients had received targeted drugs in this research,
oncologists should pay more attention to the potential VTE
risk?' with the gradual popularization of the targeted therapy(-
Supplementary figure 2).

Supportive therapies also increase the risk of VTE. Erythro-
poietin (EPO) and G-CSF are reported to increase the risk of
VTE by 13-27% and 109% respectively.*? Synthetic progesto-
gens such as medroxyprogesterone are still recommended for
the management of anoxia and weight loss in cancer patients
despite their increased risk of VTE.?* Anemia is very common
among cancer patients due to long-lasting chemotherapy,
radiotherapy and nutrition consumption by tumor cells. Trans-
fusion of blood cell and administration of EPO are effective
methods to ameliorate anemia but also work as risk factors
responsible for VTE.?* Dexamethasone, a drug for relieving
vomiting and radiation inflammation, also promoted the devel-
opment of VTE.*? Before the palliative treatment, doctors
should evaluate the balance between the risk of VTE and the
supportive therapeutic effect, as well as prepare for the VTE
prevention and treatment plan.

Central venous catheter (CVC) especially peripheral inser-
tion central catheter (PICC) is increasingly used in the man-
agement of cancer patients for their convenience in
chemotherapy and the protection of blood vessels. Despite of
its benefits, insertion of PICC increases the rate of both PICC-
related deep vein thrombosis (PRDVT) and distant DVT (lower
limb DVT and PE).>> Nearly 70% of upper extremities DVT
were PRDVT while only 15.7% of lower extremity patients had
PICC. PICC might be the main cause of upper extremity DVT
among cancer patients. Despite of the common occurrence of
upper extremity DVT (47.2%), it seldom developed into PE
(3.6%). Lower extremities DVT were much closely related
with PE (15.0%) as the common cognition. Hence, clinicians
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should attach more importance to the high rate of PRDVT and
the severe consequence of lower extremity DVT.

In conclusion, we have described and analyzed the VTE
occurrence among Chinese cancer population. There are
several drawbacks in our study. Our study focused on data
collected from merely 1 hospital, and we mainly attributed
the increase of VTE rate to increase caner prevalence and
the widely used target drug. More multi-center, large-
population investigations are still needed to substantially
affirm the results. Our previous study has evaluated the
performance of the Caprini and Padua scores among Chi-
nese hospitalized patients,® but the predictability of these
scales is still limited. More detailed research on VTE
patients in Chinese cancer population is required to develop
a more comprehensive and inclusive prediction scale. Sur-
gical instrumentation, anti-cancer therapy and several other
factors make inpatients of the oncology department on high
risk of VTE. Further investigation is required to be able to
distinguish VTE patients precisely from the general cancer-
ous population.
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