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Venous thromboembolism (VTE) is a leading cause of 
morbidity and mortality in patients with cancer.1,2 Pa-
tients with cancer and VTE have a lower survival rate; 
Sorensen et al1 reported a 1-year survival rate of 12% in 
patients with VTE compared with 36% of those with-
out. Additionally, patients with cancer and VTE are 
at a 4- to 8-fold higher risk of death relative to those 
without cancer.3,4 During hospitalization, patients with 
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VTE have higher rates of in-hospital mortality and a 
prolonged hospital stay compared with those without 
VTE.5,6 The economic burden of VTE in United States 
is enormous, with an estimated annual cost of $7 to $10 
billion USD each year in medical care.7 Previous studies 
have reported varied incidence of VTE in hospitalized 
patients with cancer, ranging from 0.6% to 7.8%.5,8,9 
This inconsistency is likely due to heterogeneity of the 
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cancer, sampling variability, and variation in VTE 
surveillance and outcome measures.10–13 Major risk 
factors for the development of VTE include ad-
vanced age, major surgery, obesity, medical comor-
bidities, and immobilization.14,15 Risk factors for VTE 
in patients with cancer include the primary tumor 
site, receipt of chemotherapy, and presence of meta-
static disease.8,9,16,17 

Patients with metastatic cancer are now living 
longer. However, factors such as increased hyperco-
agulability, larger tumor burden, and impaired physi-
cal activity place these patients at increased risk of 
preventable disease, such as VTE.18,19 The distribu-
tion, correlates, and short-term outcomes associated 
with VTE in hospitalized patients with metastatic 
cancer are not well-defined. This study aimed to (1) 
describe the prevalence of VTE among hospitalized 
patients with metastatic cancer; (2) examine the 
association between patient-, tumor-, and hospital- 
level characteristics and the occurrence of VTE; and 
(3) assess the impact of VTE on in-hospital mortal-
ity and hospital length of stay (LOS) among patients 
with metastatic cancer.  

Methods
Data Source
This study involved cross-sectional analysis of hos-
pital discharge data from the Nationwide Inpatient 
Sample (NIS) database between 2008 and 2013. 
The NIS data are obtained from the Healthcare 
Cost and Utilization Project (HCUP) of the Agency 
for Healthcare Research and Quality (AHRQ).20 It 
is the largest publically available all-payer inpatient 
care database in the United States containing data 
on >7 million hospital stays each year (estimating 
>30 million weighted hospitalizations nationally), 
representing 20% of a stratified random sample of 
all hospital discharges from approximately 1,050 
hospitals across 44 states. Detailed information on 
the NIS design and sampling methods are described 
elsewhere.20 NIS is a publically available database 
containing deidentified patient information and was 
reviewed as an exempt project by the Saint Louis 
University Institutional Review Board.  

Patient Population
Patients aged ≥18 years with at least 1 diagnosis of a 
primary solid tumor were identified using ICD-9-CM 

diagnostic codes (supplemental eTable 1, available 
with this article at JNCCN.org). Using secondary 
diagnostic codes, only patients with metastasis were 
included in the study. 

Outcome Variables
The primary outcome of interest was the presence 
of VTE among hospitalized patients diagnosed with 
metastatic cancer. VTE was defined as pulmonary 
embolism (PE) and/or deep vein thrombosis us-
ing relevant ICD-9 diagnosis codes as described by 
AHRQ Patient Safety Indicators (supplemental 
eTable 1).21 These codes have been validated to be 
appropriate for the identification of VTE using ad-
ministrative data.22 Patients with superficial throm-
bophlebitis and thrombosis were excluded, as were 
those with chronic VTE. 

Secondary outcome measures were in-hospital 
mortality and hospital LOS. In-hospital mortality 
was defined as death that occurred during hospital-
ization, as coded from the discharge disposition of 
the patient. Hospital LOS was dichotomized into 
prolonged hospital stay (yes/no) if the LOS was 
≥75th percentile based on the presence or absence 
of a major operating room procedure related to the 
same admission for each patient.23 These adverse 
outcomes were selected based on their previously de-
scribed association with VTE.6

Patient and Hospital Characteristics
Sociodemographic variables examined included sex, 
age, race/ethnicity (white, black, Hispanic, other), 
and health insurance status. These variables were se-
lected based on their association with VTE, as docu-
mented in previous studies.5,6,11 Comorbidities were 
classified using the Elixhauser comorbidity index24 
and the final variable was a summation of the num-
ber of comorbid conditions defined by the index. Be-
cause previous studies have indicated that patients 
with cancer undergoing major surgery or an onco-
logic procedure are at increased risk for VTE,25,26 we 
assessed a major operating room procedure (yes/no) 
related to the same admission. This variable was pre-
defined in the NIS database using ICD-9-CM pro-
cedure code for any major diagnostic or therapeutic 
operating room procedure. Hospital-level character-
istics included in this analysis were hospital location 
(rural vs urban), hospital teaching status (nonteach-
ing vs teaching), hospital size (small, medium, large), 
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and geographic location of the hospital (Northeast, 
Midwest, South, West). 

Statistical Analysis
Available patient sociodemographic, clinical, and 
hospital-level characteristics were compared between 
patients with and without VTE using χ2 or t test, as 
appropriate. Trends in the prevalence of VTE and 
in-hospital mortality rates in patients with and with-
out VTE were assessed using the Cochran-Armitage 
test. Multilevel hierarchical logistic regression using 
generalized linear mixed models with generalized 
estimated equations were used to examine the asso-
ciation between patient, tumor, and hospital char-
acteristics and study outcomes. Variables that were 
significant on univariate regression were included 
in the multivariable models. We required hospitals 
have at least 10 patients diagnosed with metastatic 
cancer for inclusion in the analysis to appropriately 
measure hospital-level variability. Data distribution 
and analyses were weighted according to the stan-
dard NIS approach to account for the complex sam-
pling design and provide nationally representative 
estimates. All tests were 2-sided with an a priori α of 
0.05. All analyses were performed using SAS version 
9.4 (SAS Institute Inc., Cary, North Carolina).

Results
Baseline Characteristics
Characteristics of 850,570 patients aged ≥18 years 
with a diagnosis of metastatic cancer stratified by the 
presence or absence of VTE are described in Table 1. 
Approximately 6.6% of patients had a diagnosis of 
VTE (n=56,302). Most of the patients were women 
(51.3%), were ≥65 years of age (53.0%), were white 
(72.1%), had health insurance (94.0%), had a major 
operating room procedure related to the same admis-
sion (30.0%), were admitted to a teaching hospital 
(53.4%), and were admitted to an urban hospital 
(90.0%). 

Weighted distribution of primary and metastatic 
tumor sites in the study sample is depicted in Table 2. 
Most of the patients had lung cancer (29.2%) as the 
primary tumor site, followed by colorectal (16.2%), 
breast (11.8%), prostate (7.8%), and pancreatic 
(7.1%) cancers.  Approximately 2.3% had multiple 
primary cancers. The most common sites of metas-
tasis were liver (28.4%), bone and bone marrow 

Table 1. �Weighted Characteristics of Patients With 
Metastatic Tumors

Characteristics
% 

Overhall
% Without 

VTE
% With 

VTE P Valuea

Patients, N (weighted %) 850,570 794,143 
(93.4%)

56,302 
(6.6%)

Sex
Male 48.7 48.8 47.4

<.001
Female 51.3 51.2 52.6

Age, y 
18–44 6.7 6.8 5.5

<.00145–64 40.3 40.2 41.2
≥65 53.0 53.0 53.2

Race/Ethnicity
White 72.1 72.1 71.2

<.001
Black 14.2 14.0 16.6
Hispanic 7.6 7.7 7.1
Other 6.1 6.2 5.1

Insurance status
Uninsured 6.0 6.0 5.7

.003
Insured 94.0 94.0 94.3

Hospital teaching status
Teaching 53.4 53.3 55.3

<.001
Nonteaching 46.6 46.7 44.5

Hospital location
Urban 90.0 89.9 91.7

<.001
Rural 10.0 10.1 8.3

Hospital size
Small 11.7 11.7 10.9

<.001Medium 22.5 22.5 22.0
Large 65.8 65.8 67.1

Hospital region
Northeast 21.3 21.2 21.8

<.001
Midwest 23.5 23.5 24.4
West 17.8 17.8 17.6
South 37.4 37.5 36.1

Major operating room 
procedure

30.0 29.8 32.0 <.001

Chemotherapy 6.3 6.2 6.3          .74
Elixhauser comorbidity index

0 12.7 13.1 6.6

<.001
1 20.4 20.7 16.6
2 22.8 22.9 22.1
≥3 44.0 43.2 54.7

Abbreviation: VTE, venous thromboembolism.
aP value from χ2 test for categorical variables.

(26.9%), lymph nodes (23.0%), respiratory organs 
(19.5%), and other gastrointestinal organs (13.3%). 
Approximately 35.6% of the patients had multiple 
metastatic sites. 

Rates and Temporal Trends of VTE
The overall prevalence of VTE was 6.6%. VTE rates 
were not uniformly distributed across all subgroups 
of patients with metastatic cancer (Table 3). Primary 
cancer sites with the highest VTE rates included 
pancreas, uterus, cervix, ovary, lung, and stomach. 
The sites of tumor metastasis with the highest VTE 
rates included adrenal glands, liver, brain and spinal 
cord, and other gastrointestinal organs. A statisti-
cally significant trend for increasing VTE rates was 
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observed from 2008 to 2013 (5.7%–7.2%; P<.001) 
(Figure 1). 

Patient- and Hospital-Level Correlates of VTE 
Table 3 presents findings from the weighted adjust-
ed multilevel analysis of patient- and hospital-level 
factors associated with the development of VTE in 
hospitalized patients with metastatic cancer. Higher 
odds of VTE were associated with female sex (odds 
ratio [OR], 1.04; 95% CI, 1.02–1.06), black race (vs 
white; OR, 1.14; 95% CI, 1.11–1.18), having a major 
operating room procedure (OR, 1.42; 95% CI, 1.37–
1.48), receipt of chemotherapy (OR, 1.08; 95% CI, 

1.03–1.14), and Elixhauser comorbidity index score 
of ≥3 (OR, 2.50; 95% CI, 2.38–2.63). Hospital-level  
factors associated with higher odds of VTE were 
admission to a teaching hospital (OR, 1.05; 95% 
CI, 1.01–1.11), urban location (OR, 1.18; 95% CI, 
1.09–1.27), and hospitals located in the Northeast 
(OR, 1.16; 95% CI, 1.08–1.24) and West (OR, 1.09; 
95% CI, 1.03–1.16) compared with patients admit-
ted to southern hospitals. 

Association of Primary and Secondary  
Tumor Site With VTE
Table 2 presents the results of weighted adjusted mul-
tilevel regression analysis examining the association 
between primary and secondary site of the tumor 
and VTE. After controlling for the effect of patient- 
and hospital-level factors, patients with metastatic 
cancer with primary tumors in the pancreas, uterus, 
cervix, ovary, lung, stomach, bladder, and testis had 
higher odds of VTE, whereas those with primary 
tumors in the breast, liver, prostate, kidney, colon/
rectum, head and neck, and thyroid had lower odds 
of VTE. Similarly, patients with tumor metastases to 
the adrenal glands, liver, brain and spinal cord, respi-
ratory organs, and bone and bone marrow had higher 
odds of VTE whereas those with metastasis to lymph 
nodes and genital organs had lower odds of VTE. 
Having multiple (≥2) metastatic sites increased the 
odds of VTE by 9% (OR, 1.09; 95% CI, 1.05–1.13) 
compared with a single metastatic tumor.

Mortality and Hospital LOS After VTE  
Across all years in the study, the overall in-hospi-
tal mortality rate in patients with VTE was 12.4% 
compared with only 8.6% in patients without VTE 
(Table 4). In contrast to trends in VTE rates, a de-
clining annual rate of in-hospital mortality was ob-
served regardless of VTE diagnosis (P<.001) (Figure 
1). After adjusting for covariates in the multilevel 
regression analysis (Table 4), hospitalized patients 
with metastatic cancer diagnosed with VTE had 
50% (OR, 1.50; 95% CI, 1.38–1.63) higher odds 
of in-hospital mortality relative to patients without 
VTE (P<.001). Similarly, those with VTE had 65% 
(OR, 1.65; 95% CI, 1.57–1.73) higher odds of expe-
riencing longer hospital stays relative to those with-
out VTE (P<.001).

Table 2. �Distribution of Tumor Sites, VTE Rates,  
and Multilevel Regression Predicting  
Occurrence of VTE

Tumor Characteristics Overall % VTE % OR (95% Cl)a P Value

Primary tumor siteb

Pancreas 7.1 11.2 1.83 (1.71–1.96) <.001

Uterus 2.3 9.4 1.44 (1.33–1.57) <.001

Cervix 1.3 8.9 1.47 (1.33–1.62) <.001

Ovary 5.0 7.7 1.25 (1.16–1.35) <.001

Lung & bronchus 29.2 7.5 1.14 (1.07–1.22) <.001

Stomach 3.1 7.4 1.21 (1.12–1.32) <.001

Bladder 2.7 7.2 1.12 (1.03–1.21) .005

Gallbladder & biliary 
tract

1.2 7.0 1.07 (0.96–1.19) .21

Testis 0.6 6.9 1.29 (1.07–1.55) .008

Brain 0.3 6.7 1.05 (0.88–1.26) .58

Esophagus 2.1 6.5 1.01 (0.92–1.10) .85

Kidney & renal pelvis 3.9 5.8 0.77 (0.71–0.84) <.001

Liver 2.1 5.6 0.83 (0.76–0.91) <.001

Colon/Rectum 16.2 5.3 0.81 (0.76–0.87) <.001

Prostate 7.8 5.3 0.82 (0.76–0.88) <.001

Bone 0.7 5.2 0.91 (0.78–1.06) .23

Breast 11.8 4.8 0.74 (0.69–0.79) <.001

Head & neck 3.5 2.8 0.44 (0.40–0.49) <.001

Thyroid 1.3 2.4 0.41 (0.35–0.48) <.001

Metastatic siteb

Adrenal glands 3.8 8.6 1.18 (1.12–1.23) <.001

Liver 28.4 7.8 1.16 (1.13–1.20) <.001

Respiratory organs 19.5 7.7 1.29 (1.25–1.33) <.001

Gastrointestinal organs 
(other than liver)

13.3 7.5 1.03 (0.99–1.07) .113

Brain & spinal cord 14.8 7.4 1.14 (1.10–1.18) <.001

Other organs 9.4 7.0 1.11 (1.07–1.15) <.001

Bone & bone marrow 26.9 7.0 1.18 (1.15–1.22) <.001

Unspecified site 7.4 6.7 1.23 (1.18–1.29) <.001

Urinary organs 2.4 6.6 0.97 (0.90–1.04) .36

Genital organs 2.1 5.8 0.78 (0.72–0.84) <.001

Lymph nodes 23.0 5.5 0.89 (0.86–0.92) <.001

Number of metastatic sites

Single 64.4 6.0    1.00 [Ref]

Multiple (≥2) 35.6 7.7 1.09 (1.05–1.13) <.001

Abbreviations: OR, odds ratio; VTE, venous thromboembolism. 
aModel was weighted and adjusted for patients’ clinical and sociodemographic 
characteristics, tumor characteristics, and hospital-level factors.
bCompared with all other cancers.
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Discussion
This study, involving 56,302 patients with VTE, is the 
largest study to date to determine the rates, correlates, 
and trends for VTE in hospitalized patients with met-
astatic cancer. Approximately, 6.6% of patients with 
metastatic cancer in our analysis experienced VTE 
during hospitalization. This is higher than the rates 
reported by previous studies of hospitalized patients 
with cancer irrespective of their metastatic status; the 
previously reported range was 2.0% to 4.1%,5,17 indi-

cating the greater vulnerability of patients with meta-
static cancer to the development of VTE compared 
with those without metastasis.

Our analysis indicates a significant increase in 
VTE rates over the study period, which is consistent 
with previous studies.5,17 On the contrary, in-hospital 
mortality decreased in our study, despite the known 
association of inpatient mortality with VTE, which 
was previously estimated to increase mortality 2.5 
times.5 It is possible that the increasing rate of VTE 
may be attributable to improvements in survival that 
result in more hospitalizations of patients with can-
cer. The trend of increased VTE incidence in hospi-
talized patients may also be the result of improved 
detection and increased surveillance. The phenom-
enon of surveillance bias in VTE is well described 
in trauma27 and surgical patients.10,12 Another reason 
for the increasing VTE trend among patients with 
cancer is the incidental finding of asymptomatic PE 
identified during CT scanning performed for other 
reasons, such as staging.28 Increased use of ultraso-
nography29 and CT30 over time confounds temporal 
analysis of VTE incidence and mortality.31 Increased 
surveillance and improved sensitivity of methods to 
detect VTE may lead to the diagnosis of VTE at an 
earlier stage, introducing both lead time and length 
bias in the assessment of mortality from VTE. Ad-
ditionally, these findings reiterate the perception re-
garding greater clinician awareness of the association 
between VTE and cancer, and the increasing adop-
tion of guidelines and evidence-based treatment and 
prophylaxis.32

Table 3. �VTE Rates and Weighted Multilevel  
Logistic Regression Predicting Occurrence 
of VTE in Patients With Metastatic Cancer

Characteristics VTE % OR (95% Cl)a P Value

Overall 6.6 – –

Sex

Female 6.8 1.04 (1.02–1.06) <.001

Male 6.4 1.00 [Ref]

Age, y 

18–44 5.4 1.04 (0.96–1.10) 0.093

45–64 6.4 1.06 (0.99–1.12) 0.072

≥65 6.8 1.00 [Ref]

Race/Ethnicity

Black 7.8 1.14 (1.11–1.18) <.001

Hispanic 6.2 0.91 (0.87–0.95) <.001

Other 5.5 0.83 (0.79–0.87) <.001

White 6.6 1.00 [Ref]

Insurance status

Uninsured 6.3 0.97 (0.93–1.02) .21

Insured 6.6 1.00 [Ref]

Hospital teaching status

Teaching 6.9 1.05 (1.01–1.11) .04

Nonteaching 6.3 1.00 [Ref]

Hospital location

Urban 6.7 1.18 (1.09–1.27) <.001

Rural 5.4 1.00 [Ref]

Hospital bed size

Small 6.2 0.94 (0.88–1.01) .09

Medium 6.5 0.94 (0.90–1.00) .04

Large 6.7 1.00 [Ref]

Hospital region

Northeast 6.8 1.16 (1.08–1.24) <.001

Midwest 6.9 1.08 (0.99–1.17) .07

West 6.6 1.09 (1.03–1.16) .002

South 6.8 1.00 [Ref]

Major operating room procedure 7.1 1.42 (1.37–1.48) <.001

Chemotherapy 6.6 1.08 (1.03–1.14) <.001

Elixhauser comorbidity index

0 3.4 1.00 [Ref]

1 5.4 1.59 (1.52–1.67) <.001

2 6.4 1.89 (1.81–1.98) <.001

≥3 8.2 2.50 (2.38–2.63) <.001

Abbreviations: OR, odds ratio; VTE, venous thromboembolism.
aModel was weighted and adjusted for patients’ clinical and sociodemographic 
characteristics, tumor characteristics, and hospital-level factors. Model was 
also adjusted for site of primary tumor, site of metastatic tumor, and receipt of 
chemotherapy.
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Figure 1. Rates of venous thromboembolism (VTE) among patients 
with metastatic cancer and overall in-hospital mortality among those 
with and without VTE between 2008 and 2013.
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There were several notable patient-level charac-
teristics associated with VTE in those with metastat-
ic cancer. Consistent with findings of previous stud-
ies,5,6 higher odds of VTE were observed in women 
and patients with more comorbidities. In contrast to 
findings of previous studies, age was not a significant 
predictor for VTE in patients with metastatic can-
cer.5,6 A possible explanation could be that the bio-
logical aggressiveness of cancer metastasis predispos-
es all adult inpatients to VTE regardless of their age, 
especially after holding the effect of comorbidities 
constant. A significant increase in the odds of VTE 
was noted among black patients relative to white pa-
tients. Black patients have consistently been shown 
to be at increased risk of VTE,33 which has been at-
tributed to the genetic variability in coagulation 
factors, particularly elevated factor VIII levels.34,35 
Other studies have reported a lower use of thrombo-
prophylaxis in black patients.36 

Several hospital-level characteristics were found 
to be associated with VTE in patients with meta-
static cancer. Admission to a teaching and an urban 
hospital significantly predicted the occurrence of 
VTE relative to nonteaching and rural hospitals. A 
possible explanation could be that cancer care cen-
ters are mostly based in urban and teaching hospi-
tals, and that more complex patients are consistent-
ly referred to specialized centers for more advanced 
care.37 Furthermore, regional variation in the occur-
rence of VTE was evident in this analysis. Compared 
with the South, patients admitted to hospitals in 
Northeast and West had increased odds of develop-
ing VTE. This might suggest the difference in the 
implementation of thromboprophylaxis guidelines 
across the hospitals in different regions or differences 
in surveillance. 

Consistent with previous studies, primary tumor 
sites associated with higher odds of VTE included 
pancreas, ovary, uterine, cervix, lung, stomach, and 
bladder.2,5,17 Moreover, patients with metastasis to 

Table 4. �Association Between VTE and In-Hospital 
Mortality and Prolonged Hospitalization

Outcome Variable No VTE, % VTE, % OR (95% Cl)b P Value

In-hospital mortality 8.6 12.4 1.50 (1.38–1.63) <.001

Prolonged hospital stay 27.0 40.7 1.65 (1.57–1.73) <.001

Abbreviations: OR, odds ratio; VTE, venous thromboembolism.
aWeighted rate.
bModels were weighted and adjusted for patients’ clinical and sociodemo-
graphic characteristics, tumor characteristics, hospital-level factors, and data 
collection year.

liver, adrenal gland, brain, bone, and respiratory or-
gans had higher odds of developing VTE, whereas 
those with metastasis to lymph nodes and genital or-
gans had lower odds, even after controlling for the 
number of metastatic sites. Previous studies have 
documented the strong association between meta-
static or regional-stage cancer and the development 
of VTE, specifically, in the first few months after di-
agnosis.2 To our knowledge, the current study is the 
first to report the independent association between 
specific metastatic sites of the tumor and VTE while 
adjusting for the effect of primary tumor type, patient 
sociodemographic variables, hospital characteristics, 
comorbidities, and other relevant covariates. It is 
possible that, in addition to primary tumor-specific 
prothrombotic mechanisms, cancer metastasis to cer-
tain organs, such as liver, lung, and adrenal glands, 
may be biologically more aggressive, resulting in in-
creased hypercoagulability and a higher rate of VTE. 

Patients with metastatic cancer with VTE had 
48% higher odds of in-hospital mortality compared 
with those without VTE, which is consistent with 
findings of previous studies, but lower than previ-
ously reported.5 Furthermore, patients with VTE had 
63% higher odds of prolonged hospital stay relative 
to those without VTE, which is significantly longer 
than the hospitalization duration reported in previ-
ous studies, regardless of cancer stage and metastat-
ic status.6 These findings might indicate the greater 
vulnerability of patients with metastatic cancer to 
the complications associated with VTE, and subse-
quently the negative impact VTE exerts on short-
term hospitalization outcomes. However, severity of 
illness and duration of hospitalization are associated 
with VTE,38,39 which confounds assessment of VTE 
complication. Given that some VTEs are prevent-
able, there may be a need for stricter compliance 
with available prevention methods, such as throm-
boprophylaxis in high-risk patient populations, in-
cluding those with metastatic cancer.  

The strengths of this analyses include the large 
sample size used for powered analysis; the use of mul-
tilevel hierarchical regression to account for the pa-
tient-, tumor-, and hospital-level variation in the de-
velopment of VTE; and the focus on patients with 
metastatic cancer, minimizing the need to account 
for the stage and grade of tumor, which the NIS data 
does not provide. 
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