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Abstract

Introduction: Venous thromboembolism (VTE) is associated
with significant morbidity and mortality in cancer patients.
Our study compares the mortality in hospitalized VTE
patients among the four most common gastrointestinal
(Gl) malignancies which include esophageal, gastric, pan-
creatic, and colorectal cancer. Methods: A retrospective
study was conducted utilizing the Nationwide Inpatient
Sample database (NIS) from 2016 to 2019. Patients with VTE
were identified using ICD-10 codes from all primary dis-
charge diagnoses. Only deep venous thrombosis (DVT) and
pulmonary embolism (PE) were considered. Patients with
VTE were further divided into groups: esophageal cancer,
gastric cancer, pancreatic cancer, and colorectal cancer,
and compared with patients who did not have these

malignancies. The adjusted odds ratio (aOR) was calculated
using multivariate regression analysis. Results: Among
999,559 patients discharged with a VTE diagnosis, 25,775
(2.6%) had one of the four Gl malignancies. Among patients
with one of the four included Gl malignancy diagnosis,
18,816 (73%) patients had PE and 6,959 (27%) patients had
DVT. The study shows that adults admitted to the hospitals
for VTE have higher mortality when compared to patients
who did not have GI malignancies, with esophageal cancer
having the highest inpatient mortality with an aOR of 2.701;
95% confidence interval (Cl) 1.989-3.669, p value <0.000.
For the remaining Gl cancers, gastric cancer had an aOR
1.576; Cl: 1.094-2.269, p value 0.015, and pancreatic cancer
had an aOR of 1.736; 95% Cl: 1.445-2.085, p value <0.000.
Patients with colorectal cancer had no significant increase
in the odds of mortality with aOR of 1.213; 95% ClI:
0.988-1.489, p value 0.066. Conclusions: This study dem-
onstrates that VTE in hospitalized patients with esophageal
cancer is associated with greater mortality compared to

other GI malignancies. © 2024 The Author(s).
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Introduction

Venous thromboembolism (VTE) including pulmo-
nary embolism (PE) and deep venous thrombosis (DVT)
affects around 600,000 Americans each year with an
estimated mortality of 10-30% within the first month of
diagnosis [1]. The mortality rate dramatically increases in
cancer patients and is considered the second leading
cause of death after progression of the cancer itself [2, 3].
In addition to short-term morbidity of VTE in this
population, long-term consequences dictated by higher
VTE recurrence and major bleeding events have been
reported in this population compared to non-cancer VTE
patients [4]. Furthermore, malignancy is considered a
strong risk factor for developing VTE with an incidence
of 4-20% among cancer patients [5]. Emerging data are
also suggesting that among all first diagnosed VTEs
approximately 20-30% are associated with cancer [5].

Apart from patients’ related factors and transient
events, multiple cancer-specific factors play a role in
increasing the likelihood of developing VTE including
cancer site, histology, stage, and treatment [6]. For ex-
ample, gastrointestinal (GI), hematological and lung
cancers carry higher risk of thrombosis compared to
many others, and compared to localized tumors, meta-
static cancers are associated with increased risk of VTE
[7]. With regard to treatment, chemotherapeutic agents
such as cisplatin-based agents and bevacizumab have
been reported to increase the likelihood of thrombosis,
not to mention the increased risk of VTE due to surgical
interventions as part of cancer treatment [7].

Notably, GI cancers are among the top 10 cancers leading
to VTE [7]. The incidence of VTE in GI cancer patients,
according to Amis et al,, is around 8.6% compared to 3.3%
in non-GI cancers [8]. Developing VTE in patients with GI
cancers can be catastrophic, leading to increased overall
mortality. Majmudar et al. [9] and his team reported a
mortality rate of 44.4% at 6 months in gastric cancer pa-
tients complicated with VTE. In this study, we aimed to
investigate the impact of acute VTE in patients admitted to
hospitals with GI malignancies in terms of mortality, total
length of stay, and total hospital charges.

Materials and Methods

Data Source

This retrospective study was conducted utilizing the National
(Nationwide) Inpatient Sample (NIS) database for the years
2016-2019. NIS is the largest publicly available all-payer inpatient
care database in the USA, containing data for more than seven
million hospital stays. Its large sample size is ideal for developing
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national and regional estimates and enables analyses of rare
conditions, uncommon treatments, and special populations. Data
are collected from all the States participating in the Health Cost
and Utilization Project (HCUP) and represent more than 97% of
the US population [10]. The NIS includes clinical and non-clinical
variables for each hospital stay, including up to 40 discharge di-
agnoses, and 25 procedures using the International Classification
of Diseases, Tenth Revision, Clinical Modification/Procedure
Coding System (ICD-10). Since NIS is de-identified data that
are publicly available, it is exempt from Institutional Review Board
(IRB) review and approval.

Study Population

Patients with VTE were identified using ICD-10 diagnoses
126XX and I82XXX from all listed primary discharge diagnoses.
Patients younger than 18 years of age, and those with missing
information for age, gender, or race were excluded from the
analysis. Patients with GI malignancies were identified using ICD
10 codes: C25X for pancreatic cancer, C15X for esophageal cancer,
Cl16X for gastric cancer, and C18x and C20x for colorectal cancer.
We further divided the patient population into five groups: no
malignancy, pancreatic cancer, esophageal cancer, gastric cancer,
and colorectal cancer.

Definitions of Variables

The NIS pre-defined variables were used to identify each patient’s
age (in years); gender (male or female); race (White, African
American, Hispanic, Asian/Pacific Islander, Native American, or
others); insurance (Medicare, Medicaid or private). The Charlson
comorbidity index (CCI) was used to assess the comorbidity burden
since comorbid conditions are known to influence outcomes of
hospitalization negatively. It has been a widely used index to measure
the severity of comorbidity burden from administrative databases
[11]. The higher score indicates a more substantial burden of co-
morbidity. Mortality was the primary endpoint, while total hospital
charge and hospital length of stay were secondary endpoints.

Statistical Analysis

Analyses were performed using STATA, version 17.0 (Sta-
taCorp LLC, College Station, TX). NIS is based on a complex
sampling design that includes stratification, clustering, and
weighting. This software facilitates analysis to produce nationally
representative unbiased results, variance estimates, and p values.

Univariable logistic regression analysis was used to calculate
unadjusted odds ratios (ORs) for the primary and secondary out-
comes. A second logistic regression model was built by using only
variables that were associated with the outcome of interest on uni-
variable regression analysis at p < 0.05 and was also used to adjust for
the potential patient- and hospital-level confounders. The Fisher’s
exact test was then utilized to compare proportions, and the Student’s
t test was also applied to compare continuous variables. All p values
were two-sided, with 0.05 as the threshold for statistical significance.

Results

There were 142 million discharges included in the NIS
database between the years 2016 and 2019, of which
999,559 patients were admitted to the hospital with VTE,
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Table 1. Study population characteristics

Variable

No malignancy

Gl malignancy

esophageal

gastric

pancreatic

colorectal

Male gender, n (%)

481,588 (48)

785,753 (78.6)

583,243 (58.4)

509,575 (51)

495,481 (49.6)

Age, mean, years

63.0

66.3

66.6

67.7

65.9

Race, n (%)
White
African American
Hispanic
Asian/Pacific Islander
Native American
Other

707,588 (70.8)
190,616 (19.1)
65,271 (6.5)
10,096 (1)
3,898 (0.4)
21,990 (2.2)

861,020 (86.1)
55,376 (5.5)
53,476 (5.4)
7,897 (0.8)
1,999 (0.2)
19,791 (2)

571,748 (57.2)
218,704 (21.9)
120,847 (12.1)
38,383 (3.8)
17,292 (1.7)
32,586 (3.3)

717,683 (71.8)
171,924 (17.2)
63,972 (6.4)
14,494 (1.5)
2,599 (0.3)
28,887 (2.9)

693,294 (69.4)
194,214 (19.4)
74,267 (7.4)
13,694 (1.4)
3,598 (0.4)
20,491 (2.1)

Insurance n (%)

Medicare 528,767 (52.9) 554,255 (55.5) 558,254 (55.9) 589,140 (58.9) 537,463 (53.8)
Medicaid 124,145 (12.4) 71,269 (7.1) 126,644 (12.7) 77,466 (7.8) 116,549 (11.7)
Private 276,078 (27.6) 336,451 (33.7) 281,976 (28.2) 293,770 (29.4) 298,468 (29.9)
Self-pay 40,882 (4.1) 11,895 (1.2) 19,192 (1.9) 15,993 (1.6) 22,390 (2.2)
No change 3,598 (0.4) 0 (0) 0(0) 2,099 (0.2) 1,399 (0.14)
Others 26,088 (2.6) 25,689 (2.6) 13,394 (1.3) 21,191 (2.1) 23,289 (2.3)
CCl, n (%)

Score of 0 315,061 (31.5) 0 (0) 0 (0) 0 (0) 0 (0)

Score of 1 232,298 (23.2) 0 (0) 0(0) 0 (0) 0 (0)

Score of 2 166,227 (16.6) 219,703 (22) 165,027 (16.5) 96,557 (9.7) 161,329 (16.1)

Score of 3 or more

285,974 (28.6)

779,856 (78)

834,531 (83.5)

903,001 (90.3)

838,230 (83.9)

25,775 (2.6%) had one of the four GI malignancies
included. Compared with patients who didn’t have GI
cancers, esophageal cancer was more seen in males with
a prevalence of 78.6%. CCI with a score of 3 or higher
was more reported in patients with pancreatic cancer
(90.3%). The white race was the most reported race in
all cancers and was most predominant in esophageal
cancer. More than 50% of all included patients were
covered by Medicare which was more reported in
patients with pancreatic cancer. Demographics and
patients’ characteristics are shown in Table 1.

Among patients with GI malignancies included in
our study, 18,816 (73%) patients had PE and 6,959
(27%) patients had DVT. Colorectal cancer was the
most common reported GI malignancy, followed by
pancreatic, gastric, and esophageal. Patients with
esophageal cancer had the highest percentage of PE
(81.38%) among all GI cancers we studied. Patients
with colorectal cancer had the highest percentage of
DVT (30.92%) among all GI malignancies we studied.
Table 2 shows the number and percentage of patients
with VTE divided by the type of GI malignancy out of
the total number of cancer patients included in the
study.

Venous Thromboembolism in
Gastrointestinal Malignancies

Mortality

For adult patients admitted to the hospital with VTE
and compared to patients without GI malignancies,
patients with esophageal cancer had the highest odds of
mortality with almost 3 times higher odds of dying
(adjusted odds ratio (aOR) 2.701; 95% confidence in-
terval (95% CI) 1.989-3.669, p value <0.000). Patients
with Pancreatic cancer had the second-highest odds of
mortality out of the 4 chosen GI malignancies with
73.6% increased odds of dying (aOR 1.736; 95% CI:
1.445-2.085, p value <0.000). Patients with Gastric
cancer as well had 57.6% increased odds of mortality
(aOR 1.576; 95% CI: 1.094-2.269, p value 0.015). Pa-
tients with colorectal cancer had no significant increase
in the odds of mortality (aOR 1.213; 95% CI:
0.988-1.489, p value 0.066). Compared to male pa-
tients, female patients had 8.6% higher odds of mor-
tality (aOR 1.086; 95% CI: 1.024-1.152, p value 0.006).
Also, for each 1-year increase in age, there was a 1.8%
increase in odds of mortality (aOR 1.018; CI:
1.016-1.021, p value <0.000).

Compared to White race as a reference, there were
9.8% higher odds of mortality in African American pa-
tients (aOR 1.098; 95% CI: 1.019-1.184, p value 0.014)

Gastrointest Tumors 2023;10:67-73 69
DOI: 10.1159/000538057


https://doi.org/10.1159/000538057

Table 2. Percentage and number of patients with VTE divided by type of GI malignancy

Thromboembolism

Gl malignancy

esophageal

gastric pancreatic colorectal

2,099 (8.1%)
480 (1.8%)

Pulmonary embolism
Deep vein thrombosis

1,999 (7.76%)
640 (2.48%)

7,197 (27.92%)
2,499 (9.7%)

7,597 (29.47%)
3,399 (13.19%)

VTE, venous thromboembolism; G, gastrointestinal.

Table 3. The multivariate logistic regression analysis of the association between different Gl malignancies and mortality in patients

admitted with VTE

Variable adjusted OR p value 95% Cl
Gl malignancy
Esophageal cancer 2.701 0.000 1.989 3.669
Gastric cancer 1.576 0.015 1.094 2.269
Pancreatic cancer 1.736 0.000 1.445 2.085
Colorectal cancer 1.213 0.066 0.988 1.489
Age 1.018 0.000 1.016 1.021
Gender 1.086 0.006 1.024 1.152
Race
African American 1.098 0.014 1.019 1.184
Hispanic 1.122 0.064 0.993 1.267
Asian/Pacific Islander 1.494 0.001 1.180 1.891
Native American 1.312 0.245 0.830 2.073
Other 1.542 0.000 1.296 1.835
ca
Score of 1 1.835 0.000 1.648 2.044
Score of 2 2.129 0.000 1.903 2.381
Score of 3 or more 3.742 0.000 3.391 4,129
Insurance
Medicaid 1.086 0.189 0.960 1.228
Private 1.122 0.012 1.026 1.227
Self-pay 1.681 0.000 1424 1.985
No charge 0.528 0.150 0.221 1.261
Others 1.611 0.000 1.344 1.932

VTE, venous thromboembolism; Gl, gastrointestinal.

and 49.4% higher odds of mortality in Asian/Pacifier
Islander patients (aOR 1.494; 95% CI: 1.180-1.891, p
value 0.001). Hispanic and Native American patients had no
statistically significant increase in mortality when compared
to the white race. Compared to Medicare as a reference,
patients with private insurance and no insurance (self-pay)
were more likely to die with it being 68.1% increased odds of
dying in self-paying patients and 12.2% in private insurance
patients (aOR 1.681; 95% CI: 1.424-1.985, p value <0.000)
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and (aOR 1.122; 95% CI: 1.026-1.227, p value 0.012), re-
spectively. Charlson Comorbidity score was also associated
with a statistically significant increase in the odds of
mortality; when compared to a score of zero as a reference,
patients with scores of one, two, and three or more had
higher odds of mortality (OR 1.835; CI: 1.648-2.044, p
value <0.000), (OR 2.12; CI: 1.903-2.381, p value <0.000),
and (OR 3.742; CI: 3.391-4.129, p value <0.000), respec-
tively (as exhibited in Table 3).
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Length of stay (mean, days)

COLORECTAL

PANCREATIC

GASTRIC

ESOPHAGEAL

NO Gl MALIGNANCY

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Fig. 1. The mean length of stay for gastrointestinal malignancies included in the analysis.

Total hospital charge (mean, dollars)

COLORECTAL 53119.0
PANCREATIC 48276.5

GASTRIC 58199.0
ESOPHAGEAL 55829.1

NO Gl MALIGNANCY 48778.3

0.0 10000.0 20000.0 30000.0 40000.0 50000.0 60000.0 70000.0

Fig. 2. The mean total hospital charge for gastrointestinal malignancies included in the analysis.
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Length of Stay and Total Hospital Charges

The mean length of stay for patients who were ad-
mitted due to VTE and without GI malignancies was 4.35
days. On the other hand, patients with gastric, esophageal,
colorectal, and pancreatic who were admitted due to VTE
were found to have the following mean length of stay:
5.43, 5.0, 4.89, and 4.79 days, respectively. In addition,
patients admitted due to VTE with no GI malignancy had
a mean of 48,778.3 dollars in total hospital costs. Patients
admitted with VTE with GI malignancy including gastric,
esophageal, colorectal, and pancreatic cancers had a mean
total hospital cost of 58,199.0, 55,829.1, 53,119.0, and
48,276.5 dollars, respectively. Figures 1 and 2 shows the
mean length of stay and mean total hospital charge in
patients with VTE, respectively.

Discussion

In our study, we found that the prevalence of GI
malignancies among VTE patients is low. However, the
latter carried a higher inpatient mortality rate particularly
in esophageal, pancreatic, and gastric cancer patients,
compared to those with no known GI malignancy. In this
population, the hypercoagulable state is linked to the
tumor biology dictated by the expression of tissue factor
which in turn binds to factor VII, leading to activation of
the coagulation cascade [12, 13]. The other mechanism
implicated is tumor lysis caused by active chemotherapy
treatment which incites releasing of intracellular pro-
coagulants such as the Willebrand factor [14]. Therefore,
early recognition of such complications is pivotal to
prevent mortality, especially in those with a good re-
sponse to chemotherapy. Of GI malignancies we studied,
esophageal cancer was associated with the highest in-
patient mortality rate when it is complicated by VTE
followed by pancreatic and gastric cancer, respectively.
Despite a report suggesting an increase of 1 year-
mortality following colorectal cancer diagnosis in pa-
tients with VTE [15], our study failed to show an increase
of inpatient mortality among those patients.

Compared to White race, the African American race
was significantly associated with higher mortality in
patients with GI malignancy complicated with VTE. The
driving factor behind this result is unclear to us but might
be due to genetic predisposition versus social determi-
nants of health. Interestingly, self-pay patients as well as
Medicaid insurance carriers had higher inpatient mor-
tality rate in our population. However, there was no
difference in mortality between cancer and non-cancer
patients presenting with VITE who had private health
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insurance. The explanations for these results specifically
in Medicaid patients are probably due to the quality of
care provided, the socioeconomic status, and the asso-
ciated comorbidities. On the other hand, the ability to
continue to pay for treatment might be a major challenge
in self-pay patients, leading to an increase in mortality.

While the treatment of VTE in cancer patients is
similar to non-cancer patients which is basically anti-
coagulation, the treatment of the former remains com-
plicated. The challenge stems from the higher than usual
bleeding risk, recurrence of VTE and comorbidities in
cancer patients. According to a study that was done at
Mayo Clinic, the risk of bleeding in patients with GI
cancer was similar to those with non-GI cancer treated
with apixaban, rivaroxaban, and enoxaparin. Apixaban,
however, carried a higher rate of bleeding in luminal GI
cancer compared to non-GI cancer [16]. This might
partially explain our finding that patients with luminal
cancers had higher total hospital charges compared to
pancreatic cancer patients. Also, complications of VTE
and its treatment in this population might explain the
increased total hospital stay in patients with GI cancers
who presented with VTE.

The strength of this study stems from the size of the
sample, which makes the results more representative of
the general population; the use of NIS which is the largest
publicly available inpatient database gives the option to
adjust all outcomes to the most common baseline
characteristics of both patients and hospitals to minimize
confounding factors as much as possible, and it analyzes
multiple demographics for patients with VTE and GI
malignancy. However, there are a few limitations such as
being a retrospective study, which makes it susceptible to
nonrandomization. Also, the NIS database includes an
administrative database, which means that administrative
codes were used to identify VTE, GI malignancy, and
other diagnoses, leading to possible misclassifications,
undercodings, or overcodings. The misclassification will,
however, be seen as an error rather than a bias since it is
likely to occur equally across all arms. Errors do not
change the nature of the relationship between two var-
iables; rather, statistical significance between them be-
comes more difficult to establish.

Conclusion

This study investigated the impact of VTE on GI
cancer patients. It showed increased odds of mortality
in esophageal, gastric, and pancreatic cancer patients
compared to those without GI cancer who presented to
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the hospital with VTE, whereas VTE in colorectal
cancer patients did not increase the odds of mortality.
Early recognition of VTE is of high importance to
initiate treatment and prevent further progression of
thrombosis, especially in those with a good response to
treatment. However, treatment can be challenging due
to the higher risk of bleeding and recurrence of VTE as
well as cancer patients’ associated comorbidities.
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