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Temporal trends in venous thromboembolism-related mortality among
gastric cancer deaths in the United States, 1999-2020

Amerika Birlesik Devletleri’'nde gastrik kanserde ven6z tromboembolizm
iliskili mortalitenin zaman icindeki degisimi, 1999-2020
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Abstract

Aim: Venous thromboembolism (VTE) is a clinically important complication in gastric cancer, yet nationwide mortality trends
remain poorly defined. We evaluated temporal trends in VTE-related mortality among gastric cancer deaths in the United States.

Material and Methods: This population-based time-trend study used the CDC WONDER Multiple Cause of Death database
(1999-2020). Gastric cancer deaths were identified using ICD-10 code C16, and VTE using codes 126 and 180-182. Annual
proportions of gastric cancer deaths with concomitant VTE were calculated. Temporal trends and annual percent change (APC)
were assessed using linear and log-linear regression models with joinpoint analysis.

Results: Among 254,449 gastric cancer deaths, 5,371 (2.11%) had concomitant VTE. The proportion of gastric cancer deaths
with VTE increased from 1.52% in 1999 to 2.90% in 2020, corresponding to an overall APC of 3.47% (95% Cl, 3.00-3.95; p<0.001).
Joinpoint analysis identified a change-point in 2012, after which the upward trend accelerated (APC, 6.30%). Increasing trends
were observed in both females and males and across all age groups, with no significant heterogeneity by sex or age.

Conclusions: VTE-related mortality among gastric cancer deaths has risen steadily over the past two decades, highlighting the
growing burden of cancer-associated thrombosis in gastric cancer.
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Oz
Amag: Vendz tromboembolizm (VTE), gastrik kanserde klinik agidan 6nemli bir komplikasyon olmasina ragmen lke
diizeyindeki mortalite degisimleri yeterince tanimlanmamistir. Bu ¢alismada Amerika Birlesik Devletleri'nde gastrik kanser

oltimleri arasinda VTE iliskili mortalitenin zaman icinde nasil degistigi degerlendirilmistir.

Gerec ve Yontemler: Bu popiilasyon temelli zaman egilimi analizinde 1999-2020 yillarini kapsayan CDC WONDER Coklu Oliim
Nedeni veritabani kullanildi. Gastrik kanser 6ltiimleri altta yatan 6lim nedeni olarak ICD-10 C16 kodu ile, VTE ise 126 ve 180-182
kodlariile tanimlandi. Gastrik kanser 6ltimleri icinde eslik eden VTE oranlari hesaplandi. Zaman icindeki degisim dogrusal ve log-
dogrusal regresyon modelleri ile degerlendirilerek yillik ylizde degisim (APC) hesaplandi ve joinpoint analizi uygulandi.

Bulgular: Toplam 254,449 gastrik kanser 6limi icinde 5,371 (%2,11) olguda eslik eden VTE saptandi. Gastrik kanser oltimleri
icinde VTE orani 1999'da %1,52'den 2020'de %2,90'a yiikseldi ve toplam APC %3,47 olarak bulundu (95% GA, %3,00-3,95;
p<0,001).Joinpointanalizi 2012 yilinda bir kirllma noktasi oldugunu ve bu tarihten sonra artisin hizlandigini gosterdi (APC %6,30).
Artis egilimleri kadin ve erkeklerde ve tiim yas gruplarinda benzerdi; cinsiyet veya yasa gére anlamli heterojenite saptanmadi.
Sonug: Gastrik kanser dliimleri arasinda VTE iligkili mortalite son yirmi yilda belirgin sekilde artmistir. Bu bulgular, gastrik
kanserde kanser iligkili tromboz yikiniin giderek arttigini gostermektedir.

Anahtar Kelimeler: gastrik kanser, venéz tromboembolizm, kanser iliskili tromboz, mortalitede zaman icindeki degisim,

epidemiyoloji, CDC WONDER

Introduction

Gastric cancer remains one of the most common malignancies
and a leading cause of cancer-related mortality worldwide [1,2].
Despiteadvancementsinsurgicaltechniquesandtheintroduction
of novel systemic therapies, the prognosis for patients with
advanced disease remains poor. A significant contributor to this
high morbidity and mortality is the development of systemic
complications,among which cancer-associated thrombosis plays
a critical role [3]. Venous thromboembolism (VTE), encompassing
deep vein thrombosis and pulmonary embolism, is a frequent
and potentially life-threatening complication in the oncological
population, known to independently worsen patient outcomes
and reduce overall survival [4-6].

The prothrombotic state in malignancy is driven by a complex
interplay of tumor biology, patient-specific risk factors, and
treatment-related toxicities [7]. Gastrointestinal malignancies,
particularly gastric cancer, areinherently associated with a high
thrombogenic potential due to the pronounced expression
of tissue factor and the secretion of procoagulant mucins by
tumor cells[8,9]. Furthermore, moderninterventions,including
major abdominal surgeries, central venous catheterizations,
and multi-agent chemotherapeutic regimens, further amplify
this risk [10,11]. While the clinical incidence and detrimental
impact of VTE in gastric cancer cohorts are well documented,
population-level data evaluating the long-term impact of VTE
on gastric cancer mortality remains scarce.

shifts

especially considering the evolving landscape of cancer

Understanding these epidemiological is crucial,
therapeuticsand changing patientdemographics over the past
two decades [12]. Most existing literature relies on institutional
cohorts or registries with limited follow-up, leaving a notable
gap in identifying nationwide temporal trends. To address
this knowledge gap, this study aimed to comprehensively
evaluate the temporal trends of VTE-related mortality among
gastric cancer deaths in the United States from 1999 to 2020.
By utilizing a nationally representative mortality database, we
sought to elucidate how the burden of VTE among patients
dying from gastric cancer has evolved across different age and
sex demographics over a 22-year period.

Material and Methods

Data Source and Study Design

This population-based, retrospective time-trend study
utilized mortality data from the Centers for Disease Control

(CDQ)
Epidemiologic Research (WONDER) Multiple Cause of Death
(MCOD) database, covering the period from 1999 through
2020. The database compiles information derived from U.S.

and Prevention Wide-ranging Online Data for

death certificates and provides nationally representative, de-
identified mortality data. Because the study used publicly
available and anonymized data, institutional review board
approval and informed consent were not required.
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Case Definition

Deaths attributed to gastric cancer were identified using the
International Classification of Diseases, Tenth Revision (ICD-
10) code C16 listed as the underlying cause of death. Venous
thromboembolism (VTE) was defined by the presence of ICD-
10 codes 126 (pulmonary embolism) and 180-182 (deep vein
thrombosis and other venous thromboses) recorded among
MCOD.

Gastric cancer was required to be the underlying cause of
death, whereas VTE could be listed in any position among
MCOD.

VTE-related mortality among gastric cancer deaths was
defined as the proportion of deaths with underlying cause C16
that had at least one VTE code listed as a contributing cause.

Variables and Stratification

Annual counts of total gastric cancer deaths and VTE-related
gastric cancer deaths were extracted and aggregated by calendar
year. Analyses were stratified by sex (female, male) and age.

For primary age-stratified analyses, age was dichotomized as
<65 years and =65 years. For secondary analyses, detailed age
categories were constructed (<50 years, 50-64 years, 65-74
years, and >75 years) using ten-year age groups provided by
CDC WONDER.

Analyses by race/ethnicity were not performed to maintain
parsimony and focus on temporal patterns and major
demographic strata (sex and age).

Statistical Analysis

For each calendar year, the proportion of gastric cancer deaths
with concomitant VTE was calculated by dividing the number
of VTE-related gastric cancer deaths by the total number of
gastric cancer deaths and multiplying by 100. Temporal trends
in yearly proportions were first evaluated using ordinary least
squares linear regression, with calendar year treated as a
continuous independent variable. The slope of the regression
line represented the absolute annual change in percentage
points (p for trend). Annual percent change (APC) estimates
were derived using log-linear regression models in which
the natural logarithm of yearly proportions was regressed
on calendar year. APC was calculated as: APC = [exp(B) — 1]
x 100, where B represents the regression coefficient for
calendar year. Ninety-five percent confidence intervals (95%
Cls) were calculated as: exp (B £ 1.96 x SE) — 1. To explore
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potential changes in temporal patterns, piecewise segmented
regression models with a single change-point were fitted.
The optimal joinpoint year was identified by minimizing the
residual sum of squares. APCs were estimated separately for
periods before and after the identified joinpoint. All trend
analyses were conducted for the overall population and

separately stratified by sex and age.
Interaction Analyses

To assess whether temporal trends differed by sex or age
group, interaction terms between calendar year and sex
were included in linear regression models. For interaction
analyses, age was dichotomized as <65 versus =65 years, and
an interaction term between calendar year and age group
was included. The statistical significance of interaction terms
was evaluated to determine heterogeneity of trends across
subgroups.

All statistical tests were two-sided, and a p value <0.05 was
considered statistically significant. Analyses were performed
using Python (version 3.12) with the statsmodels and
scikit-learn libraries. Age-adjusted mortality rates were not
calculated because the primary outcome was defined as the
proportion of gastric cancer deaths with concomitant VTE
rather than population-level mortality rates.

Results

A total of 254,449 gastric cancer deaths were identified in
the United States between 1999 and 2020. Among these,
5,371 deaths (2.13%) had a concomitant mention of VTE. Of
all gastric cancer deaths, 105,903 occurred in females and
148,546 in males. Overall, the proportion of gastric cancer
deaths with VTE was 2.45% among females and 1.87% among
males across the study period (Table 1).

The yearly proportion of gastric cancer deaths with VTE
increased from 1.52% in 1999 to 2.90% in 2020 (Table 1,
Figure 1A). Ordinary least squares regression demonstrated
a significant upward linear trend in VTE-related mortality
over time, corresponding to an absolute increase of 0.068
percentage points per year (95% Cl, 0.057-0.080; p <0.001)
(Table 2). Log-linear models estimated an overall annual
percent change (APC) of 3.47% (95% Cl, 3.00-3.95; p <0.001).

Piecewise segmented regression identified a single change-
point in 2012 (Table 2). Before 2012, the APC was 3.33% (95%
Cl, 2.41-4.25; p <0.001), whereas after 2012 the APC increased
t0 6.30% (95% Cl, 5.01-7.61; p <0.001).
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When stratified by sex, VTE-related mortality increased
significantly over time in both females and males (Table 3, Figure
1B). In females, the APC was 3.59% (95% Cl, 2.99-4.19), while
in males the APC was 3.40% (95% Cl, 2.81-3.99), with joinpoint
years identified in 2012 for both groups (Table 3). Sex-specific
segmented analyses demonstrated APCs of 4.02% (95% Cl,
3.12-4.94) before 2012 and 5.57% (95% Cl, 4.01-7.12) after 2012
among females, and 2.83% (95% Cl, 2.01-3.67) before 2012 and
6.78% (95% Cl, 5.23-8.41) after 2012 among males (Table 4).

Detailed age-stratified analyses showed increasing trends across
all age categories (Table 5). The APC was 3.37% (95% Cl, 1.88-
4.89) for individuals aged <50 years, 2.16% (95% Cl, 1.05-3.30)
for those aged 50-64 years, 2.88% (95% Cl, 1.88-3.89) for those
aged 65-74 years, and 2.29% (95% Cl, 1.33-3.27) for those aged
>75 years. When age was analyzed using a binary classification
(<65 vs =65 years), interaction analyses indicated no statistically
significant heterogeneity in temporal trends by age group (3 =
0.011,95% Cl —-0.012 to 0.034; p = 0.333). Similarly, no statistically
significant heterogeneity in temporal trends was observed by
sex (3 =0.009, 95% Cl —0.014 t0 0.031; p = 0.415).
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Figure 1. Temporal trends in venous thromboembolism-related
mortality among gastric cancer deaths, 1999-2020. (A) Overall
proportion of gastric cancer deaths with a concomitant mention of
venous thromboembolism. (B) Sex-specific trends stratified by female
and male patients. Venous thromboembolism was defined using
ICD-10 codes 126 and 180-182, and gastric cancer using ICD-10 code

C16 (Abbrev.: GC, gastric cancer; VTE, venous thromboembolism).
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Discussion

In this nationwide population-based study using CDC
WONDER data, we demonstrate a substantial and steadily
increasing burden of venous thromboembolism-related
mortality among gastric cancer deaths in the United States
between 1999 and 2020. The proportion of gastric cancer
deaths with a concomitant mention of VTE nearly doubled
over the study period, accompanied by a significant overall
annual percent increase and a marked acceleration in
trends after 2012. Importantly, rising VTE-related mortality
was observed consistently in both females and males, with
no evidence of sex-specific heterogeneity in temporal
patterns. Similarly, increasing trends were present across all
age categories, indicating that the growing burden of VTE
among patients dying from gastric cancer is not confined to a



particular demographic subgroup. Collectively, these findings
underscore a broad and worsening impact of VTE on gastric
cancer-related mortality at the population level.

Several factors likely explain the steady increase in VTE-
related mortality among gastric cancer deaths, which showed
an overall annual percent change (APC) of 3.47%. A primary
reason is the widespread use of high-resolution diagnostic
imaging, such as computed tomography (CT). Over the past
two decades, the routine use of CT scans for cancer staging,
treatment monitoring, and follow-up has naturally led to
higher detection rates of asymptomaticVTE[13,14].In addition,
increased clinical awareness of cancer-associated thrombosis
among physicians has likely improved the reporting of VTE as
a contributing cause on death certificates [3].

Changes in systemic treatments for gastric cancer also play
a major role. The routine use of intensive chemotherapies,
multi-agent regimens, and targeted therapies (such as anti-
angiogenic agents) has improved patient survival. However,
thesetreatmentsalsoincrease vascular toxicity and thrombotic
risks [15]. As patients with advanced gastric cancer live longer,
their total time at risk for developing complications like VTE
naturally increases. Therefore, the prothrombotic side effects
of modern cancer treatments are likely a strong driver of the
rising VTE mortality burden from 1999 to 2020 [16].

A key finding of our analysis is the distinct change-pointin 2012.
The segmented regression models showed a sharp acceleration
in the upward trend, with the APC increasing from 3.33% before
2012 to 6.30% after 2012. This shift may correspond to major
updates in international oncology guidelines (such as those by
ASCO and NCCN) regarding the screening and management of
cancer-associated thrombosis [17,18]. Furthermore, the broader
adoption of electronic health records (EHR) and standardized
mortality coding practices around this time may have increased
the reported rates of VTE [19].

Finally, the rising rates of baseline comorbidities in the
general population further increase VTE risks. Conditions that
create a prothrombotic state, such as obesity, diabetes, and
cardiovascular disease, have become much more common
[20]. Notably, our data showed that the increasing VTE trend
was not limited to older adults but was consistent across all
age groups, including an APC of 3.37% for individuals under
50 years old. Interaction analyses confirmed no significant
difference in trends by age group or sex, showing that the
growing burden of VTE affects all demographic groups of
patients with gastric cancer.
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In  conclusion, this population-based study shows a

continuous and significant rise in VTE-related mortality
among gastric cancer deaths in the United States from 1999
to 2020. The proportion of VTE-related deaths nearly doubled,
with a sharp acceleration after 2012, affecting all age groups
and both sexes equally. Despite recent advances in cancer
treatments, the prothrombotic risks associated with modern
therapies and changing patient demographics remain a major
clinical challenge. Therefore, increased clinical vigilance, strict
adherence to updated thromboprophylaxis guidelines, and
personalized risk assessments are urgently needed to reduce
this preventable cause of death in patients with gastric cancer.
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