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HIGHLIGHTS

* 26.7% of endometrial cancer patients requiring upfront chemotherapy developed VTE.
 Cancer stage was the only clinicopathologic factor associated with subsequent VTE.

» Khorana score was not associated with VTE development.

* Risk assessment tools to evaluate VTE prophylaxis in endometrial cancer are needed.

ARTICLE INFO ABSTRACT
Article history: Objectives. We aim to describe the venous thromboembolism (VTE) rate among patients who received che-
Received 1 July 2026 motherapy for initial endometrial cancer treatment, and identify factors associated with VTE diagnosis in this
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Methods. This is a retrospective cohort study of patients who received chemotherapy during initial treatment
for endometrial cancer from January 2015 to December 2023 within a single academic medical system. The pri-
mary outcome is overall VTE incidence. Sociodemographic and biomedical factors were collected. Descriptive sta-
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Venous thromboembolism tistics were used for analysis.

Pulmonary embolism Results. Two hundred ninety-two patients were identified who received chemotherapy during initial treat-
Deep vein thrombosis ment for endometrial cancer; 78 (26.7%) developed a VTE after cancer diagnosis. Cancer stage was associated
Endometrial cancer with VTE development (p < 0.001); 50.0% of patients who developed VTE had Stage IV at diagnosis compared

to 20.4% of those who did not. Twenty-four patients (30.8%) had carcinomatosis at the time of VTE diagnosis
and 14 (17.9%) had ascites. A high-risk Khorana score (>3) at initiation of initial chemotherapy, histology,
grade, age, ECOG functional status, tobacco use, body mass index, and receipt of external beam pelvic radiation,
immunotherapy, or bevacizumab during initial treatment were not associated with VTE development.
Discussion. More than 1 in 4 patients who received chemotherapy for initial endometrial cancer developed a
VTE during their treatment course. Stage at cancer diagnosis was the only factor associated with subsequent VTE;
factors including histology, grade, BMI and Khorana score were not associated. As endometrial cancer incidence
rises, continued efforts to improve the accuracy of risk assessment tools and evaluate prophylactic anticoagula-
tion in this high-risk population are warranted.
© 2026 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar tech-
nologies.

1. Introduction

Thromboembolic events, including deep vein thrombosis (DVT) and
- ‘ pulmonary embolism (PE), are among the most serious complications
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represents the second leading cause of mortality among cancer patients
[1]. Several studies have isolated chemotherapy itself as a factor associ-
ated with thrombotic events [1,2].

Reported incidence estimates of VTE in cancer patients vary widely,
and in some studies reach as high as 40%. These rates are driven by can-
cer site, heterogeneity in treatment modalities, data abstraction
methods and follow-up window [3-8]. Among the gynecologic malig-
nancies, VTE risk in patients receiving chemotherapy has been most ex-
tensively documented in ovarian cancer. This risk is most pronounced in
patients with high tumor burden and those receiving neoadjuvant che-
motherapy, with recent studies consistently confirming elevated VTE
rates in this population [9-11]. In response to reported rates of
10.8-42%, the evidence base supporting VTE prophylaxis in ovarian can-
cer has grown substantially [12-15]. A comprehensive systematic re-
view and meta-analysis confirmed that ovarian cancer patients
receiving chemotherapy benefit significantly from VTE prophylaxis,
with relative risk reductions of 30-50% observed across multiple studies
[14,15].

Despite the well-documented risk of VTE and benefit of prophylactic
anticoagulation in ovarian cancer patients, a significant knowledge gap
exists in the risk of VTE attributable to chemotherapy treatment in en-
dometrial cancer patients, despite this being the most common gyneco-
logic malignancy and one of few cancers with rising mortality rates [16].
Emerging data suggest that the risk of thrombotic events associated
with advanced endometrial cancer may be comparable to that of ovar-
ian cancer [6]. Published reports describe VTE rates in endometrial can-
cer patients ranging from 0.8% to 27%, with the highest rates observed
among patients with high-grade tumors or advanced-stage disease, or
in those receiving chemotherapy [6,7]. Most of the existing endometrial
cancer-specific literature is anchored in the perioperative setting, lacks
uniform treatment exposures, or originates from population-based da-
tabase cohorts without sufficient granularity to characterize patient
risk factors, chemotherapy regimen or timing of treatment relative to
VTE [7,17,18]. A recent single-institution retrospective study reported
VTE rates as high as 27% among patients with advanced endometrial
cancer receiving chemotherapy, particularly during early treatment
phases [19]. In this and other studies, the Khorana score, which is
used in multiple clinical risk assessment guidelines, has failed to show
utility in predicting VTE [20].

The epidemiology of endometrial cancer reveals important demo-
graphic considerations that may influence VTE risk. Black women are
disproportionately likely to present with later-stage disease and more
aggressive histologic subtypes, often requiring neoadjuvant chemother-
apy, all of which are established risk factors for highly morbid throm-
botic events [21,22]. Importantly, the Khorana risk scores dramatically
underestimated VTE incidence in this population [23]. This overall mor-
tality and population-specific risk profile underscores the need for tai-
lored approaches to VTE prevention in endometrial cancer care.

Given the substantial risk of VTE in advanced endometrial cancer
and the demonstrated benefit of prophylactic anticoagulation in other
gynecologic malignancies, there is a pressing need for data to guide
decision-making in this understudied population. This study aims to ad-
dress the current knowledge gap by characterizing VTE rates among en-
dometrial cancer patients receiving chemotherapy and identifying
timing and clinical factors associated with VTE development to improve
risk stratification and inform future studies on prophylactic anticoagula-
tion in this high-risk population.

2. Methods
2.1. Study design

This retrospective cohort study was conducted at a multi-hospital
urban academic healthcare system in the southeastern United States.

It was approved by the system's Institutional Review Board. The re-
quirement for informed consent was waived due to the retrospective

Gynecologic Oncology 213 (2026) 1-6

nature of the study. The primary outcome of the study was the incidence
of venous thromboembolism (VTE), at any point in their cancer care, in
patients who received chemotherapy as a component of their initial
treatment for endometrial cancer. Secondary outcomes included the in-
cidence of VTE in the neoadjuvant and adjuvant settings, in patients
with advanced stage disease, and in patients receiving whole pelvic ex-
ternal beam radiation therapy (EBRT), immunotherapy and bevacizu-
mab in addition to cytotoxic chemotherapy as initial treatment.
Additionally, associations with clinicodemographic factors including
body mass index (BMI), tobacco use, ECOG functional status, tumor his-
tology and grade, and Khorana score at chemotherapy initiation were
evaluated. The treatment course was divided into time periods: pre-
treatment (date of cancer diagnosis to initiation of cancer treatment, ei-
ther surgery or first chemotherapy infusion), neoadjuvant chemother-
apy (first chemotherapy infusion to date of surgery), post-operative
(date of surgery to 30 days post-surgery), adjuvant chemotherapy
(>30 days post-surgery or from first post-operative chemotherapy infu-
sion, whichever was later, through 21 days after final chemotherapy in-
fusion), surveillance (>21 days after final chemotherapy infusion
through date of diagnosis of recurrence or last documented encounter
if no recurrence), at or during treatment for recurrence (date of diagno-
sis of recurrence through last documented encounter).

2.2. Study population

Patients over age 18 with endometrial cancer who received chemo-
therapy as a component of their initial endometrial cancer treatment
were included in this study. Patients began endometrial cancer treat-
ment between January 1, 2015 and December 31, 2023 at our institu-
tion; data were collected from the entire course of cancer treatment.
Initial chemotherapy could have been neoadjuvant or adjuvant; receipt
of subsequent lines of chemotherapy for recurrence or progression was
noted but not considered part of the inclusion criteria. Patients who did
not receive chemotherapy as part of their initial treatment, regardless of
subsequent receipt of chemotherapy for recurrence, were excluded. Ad-
ditionally, patients treated for non-endometrial cancer or multiple can-
cers simultaneously, or at an outside institution, were excluded.

2.3. Data collection

Patients were identified via review of institutional pharmacy re-
cords. All patients receiving any combination of carboplatin, cisplatin,
docetaxel, liposomal doxorubicin, paclitaxel or nab-paclitaxel associ-
ated with C54 (malignant neoplasm of corpus uteri) or C55 (malignant
neoplasm of uterus, part unspecified) ICD-10 diagnostic codes were
identified. Electronic medical records were examined for each identified
patient; those not meeting inclusion criteria were excluded. Relevant
data, including treatment course, sociodemographic characteristics
and oncologic factors, were abstracted for those meeting inclusion
criteria.

24. Statistical analyses

Statistical analyses were completed using SPSS (Version 29.0.2.0,
IBM Corporation, Armonk, NY). A univariate analysis was completed.
Chi-square and Fisher's Exact tests were used as appropriate to compare
categorical variables while Mann-Whitney U tests were used to com-
pare continuous variables. A p-value less than 0.05 was used for statisti-
cal significance.

3. Results
3.1. Patients

Six hundred fifty-six patients were initially identified as described
above; 292 ultimately met inclusion criteria and were included in
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Fig. 1. Patients meeting inclusion criteria and included in analyses.

analyses (Fig. 1). The median age at cancer diagnosis of patients in-
cluded was 66.1 (IQR 61.2-70.9) years (Table 1). The majority of pa-
tients were Black (65.4%); white patients made up 27%, Asian patients
made up 4.4% and other/mixed racial groups made up 3.1% of the pop-
ulation. Median BMI was 31.9 (IQR 27.1-38.2) kg/m2. Median follow
up time was 23.9 (IQR 13.9-41.9) months.

Among the entire study population, Stage I disease was the most
common (32.2%, n = 94), although over half had advanced disease at di-
agnosis (Stage Il 26.0%, n = 76 and IV 28.1%, n = 82). Serous histology
was the most common (38.4%, n = 112) followed by endometrioid
(22.6%,n = 66) and carcinosarcoma (18.8%, n = 55) (Table 1). In addi-
tion to cytotoxic chemotherapy, initial treatment included EBRT for
28.4% of patients, immunotherapy for 9.2% and bevacizumab for 1.4%
(Table 1). At the time of chemotherapy initiation for initial treatment,
65.1% of patients had a Khorana score less than 3 (Table 1).

3.2. VIE incidence, timing and associated clinical factors

Of the 292 patients included in our cohort, 78 (26.7%) were diag-
nosed with VTE at the time of their cancer diagnosis or during sub-
sequent care (Table 1). Median time from cancer diagnosis to VTE
diagnosis was 7.1 (IQR 3.7-15.5) months. Ten percent of VTE
diagnoses were made concurrent with the cancer diagnosis or be-
tween diagnosis and treatment initiation; 21% while on neoadju-
vant chemotherapy; 4% <30 days after surgery, 27% on adjuvant
chemotherapy, 14% in surveillance, and 24% at or during treatment
for a recurrence (Fig. 2). For those diagnosed with VTE in recur-
rence, median time from recurrence to VTE was 4.8 months (IQR
2.9-12.1 months).

Cancer stage (FIGO 2009 staging, [24]) at diagnosis was significantly
associated with VTE diagnosis: 50.0% of those who developed VTE had
Stage IV disease, compared to 20.4% of those who did not develop VTE
(p < 0.001, Table 1). Earlier stages followed the opposite pattern:
Stage I made up 16.7% of those with VTE versus 38.4% of those without,
Stage 11 7.7% versus 9.0% and Stage IIl 17.9% versus 29.4% (p < 0.001,
Table 1).

Clinicodemographic factors including median age (p = 0.69), me-
dian BMI (p = 0.47), tobacco use (p = 0.93), ECOG functional status
(p = 0.96), tumor histology (p = 0.96), non-endometrioid histology
(p = 0.51), and tumor grade (p = 0.28) were not associated with VTE
diagnosis in this cohort (Table 1). Receipt of EBRT (p = 0.96), immuno-
therapy (p = 0.20), or bevacizumab (p = 1.00) as a component of initial
treatment was not associated with increased VTE rates (Table 1). Rates
of high-risk Khorana score (>3) at chemotherapy initiation were similar
between those who developed VTE (37.2%) and those who did not
(30.4%) (p = 0.37, Table 1).
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3.3. Cancer distribution at VTE diagnosis

The distribution of disease at the time of VTE diagnosis is shown in
Table 2. The most common sites of disease were uterus (38.5%), carcino-
matosis (30.8%) and other distant sites (34.6%); 17.9% had ascites
(Table 2). Notably, 28.2% had no evidence of disease at the time of VTE
diagnosis. Half of the patients without evidence of disease at the time
of VTE diagnosis were receiving adjuvant chemotherapy, and the
remainder were in surveillance.

4. Discussion

In our study, more than one out of every four patients (26.7%) diag-
nosed with endometrial cancer who received chemotherapy as part of
their initial treatment were diagnosed with a VTE at some point during
their cancer treatment course. This is higher than prior studies with re-
ported VTE incidence rates of 0.8-22%, although these studies were not
limited to those receiving chemotherapy [4,6,7,15]. Notably, however,
Llanora et al. recently reported a VTE rate of 27.4% (95% CI,
18.8-38.0%) in patients who received either neoadjuvant or adjuvant
chemotherapy, similar to our results [19].

It is well known that cancer induces a prothrombotic state, in part
due to inflammatory factors such as tissue factor, interleukins, and
other inflammatory cytokines, however chemotherapy itself is a signif-
icant risk factor for VTE development through direct drug-induced dam-
age to endothelium and activation of procoagulant factors [7,25].
Khorana et al. reported a 47% increase in the rate of VTE in admitted pa-
tients receiving chemotherapy for their cancer treatment (3.9 vs 5.7%,
p < 0.0001), with others noting that the highest incidence occurs just
after treatment initiation [1,26]. When evaluated as an independent
risk factor, chemotherapy increases a patient's risk of VTE with an
odds ratio of 6.5 (95% CI, 2.1-20.2) compared to 4.1 (95% CI, 1.9-8.5)
in those with cancer but not receiving chemotherapy [2]. Although we
did not evaluate VTE rates in patients who did not receive chemother-
apy as part of their initial treatment course, the relatively high rates of
VTE in our patients and in the cohort reported by Llanora et al., com-
bined with prior data suggesting that chemotherapy itself is a risk factor
for VTE, emphasize the importance of maintaining high suspicion for
VTE and potential standardization of prophylaxis in endometrial cancer
patients receiving chemotherapy [19].

While the data are more limited, VTE rates in patients receiving im-
munotherapy appear to be similar to rates in patients receiving cyto-
toxic chemotherapy, and the combination may result in a higher VTE
rate than cytotoxic therapy alone [27,28]. We did not find any associa-
tion between receipt of immunotherapy and VTE diagnosis, however
only 9.2% of patients included in our study received immunotherapy
with their initial cytotoxic chemotherapy as the majority began their
treatment prior to the widespread adoption of immunotherapy into
the initial treatment paradigm for advanced endometrial cancer. With
the increased use of immunotherapy in endometrial cancer treatment,
monitoring for increased VTE risk will be critical.

Prior studies have shown patient age, higher stage, elevated CA-125,
and non-endometrioid histology as risk factors for VTE in endometrial
cancer patients; in our analysis stage was the only factor associated
with a diagnosis of a VTE (p < 0.001) [6,29]. Ascites at cancer diagnosis
has been identified as a risk factor for VTE development in ovarian can-
cer [30]. Tumor burden and distribution of disease is thought to influ-
ence VTE risk in solid tumors, however the precise risk is difficult to
elucidate as other factors, including chemotherapy, surgical status, and
patient comorbidities, confound this data [31]. Among patients in our
cohort with VTE, 17.9% had ascites, 30.8% had carcinomatosis, and
34.6% had other distant disease at the time of VTE diagnosis.

The majority of patients in our study had high grade histology, as ex-
pected based on our inclusion criteria, which may limit our ability to
evaluate the role tumor grade has in predisposing patients to VTE. How-
ever, while serous was the most common histology in our cohort, other
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Table 1
Sociodemographic and clinical characteristics of included patients with and without VTE. Percentages may not total 100 due to rounding.
Overall population, VTE, no VTE, p-value
n (%)* n (%)* n (%)*
All patients 292 (100) 78 (26.7) 214 (73.3)
Age median (IQR), years 66.1 (61.2-70.9) 66.0 (60.9-70.1) 66.3 (61.2-71.2) 0.69
Race
Black 191 (65.4) 51 (65.3) 140 (65.4)
White 79 (27.0) 21 (26.9) 58 (27.1)
Asian 13 (4.5) 2(2.6) 11(5.1)
Other 9(3.1) 4(5.1) 5(2.3)
BMI median (IQR) kg/m2 31.9(27.1-38.2) 32.2 (26.8-39.9) 31.9 (27.2-37.5) 0.47
ECOG performance score 0.96
0 113 (38.7) 34 (43.6) 79 (36.9)
1 17 (5.8) 4(5.1) 13 (6.1)
2 7(2.4) 2(2.6) 5(2.3)
3 2(0.7) 0(0) 2(0.9)
4 0(0) 0(0) 0(0)
Not recorded 153 (52.4) 38 (48.7) 115 (53.7)
Tobacco use 0.93
Never 231 (79.1) 63 (80.8) 168 (78.5)
Previous 50 (17.1) 12 (15.4) 38 (17.8)
Current 11 (3.8) 3(3.8) 8(3.7)
Stage (FIGO 2009) <0.001
I 94 (32.2) 13 (16.7) 83 (38.8)
Il 25 (8.6) 6(7.7) 19 (8.9)
11 76 (26.0) 14 (17.9) 63 (29.4)
I\% 82 (28.1) 39 (50.0) 43 (20.0)
Unstaged 12 (4.1) 6(7.7) 6(2.8)
Histology 0.96
Endometrioid 66 (22.6) 20 (25.6) 47 (22.0)
Serous 112 (38.4) 28 (35.9) 85 (39.7)
Clear cell 19 (6.5) 6(7.7) 13 (6.1)
Un/dedifferentiated 8(2.7) 2(2.6) 6(2.8)
Mixed 25 (8.6) 5(6.4) 20(9.3)
Carcinosarcoma 55(18.8) 16 (20.5) 40 (18.7)
Other 4(14) 1(1.3) 3(14)
Grade 0.28
1-2 41 (14.0) 14 (17.9) 27 (12.6)
3 251 (86.0) 64 (82.1) 187 (87.4)
Radiation 0.96
None or VBT alone 209 (71.6) 56 (71.8) 153 (71.5)
EBRT +/— VBT 83 (28.4) 22 (28.2) 61 (28.5)
Immunotherapy 0.20
Yes 27 (9.2) 10 (12.8) 17 (7.9)
No 265 (90.8) 68 (87.2) 197 (92.1)
Bevacizumab 1.00
Yes 4(14) 1(1.3) 3(14)
No 288 (98.6) 77 (98.7) 211 (98.6)
Khorana score at chemotherapy initiation 0.37
<3 190 (65.1) 49 (62.8) 141 (65.9)
>3 94 (32.2) 29 (37.2) 65 (30.4)
Data missing 8(2.7) 0(0) 8(3.7)

Vaginal brachytherapy (VBT), external beam radiation therapy (EBRT). *Except age and BMI.

high-grade histologies were well represented and we found no differ-
ence in VTE rates between them.

Khorana scores were calculated for all patients at the start of their
chemotherapy treatment, and 37.2% of patients ultimately diagnosed
with a VTE had a high risk Khorana score (>3) compared with 30.4% of
patients who did not develop a VTE. High risk Khorana score was not as-
sociated with VTE risk (p = 0.32). Similar findings were reported by
Piver et al. who found that a higher Khorana score (>2 or >3) was not
sufficient to predict VTE in patients receiving chemotherapy for endo-
metrial cancer, and by Llanora et al. who reported that >50% of patients
who developed VTE had an intermediate risk score and would not have
qualified for prophylaxis [19,32]. The Khorana score may have limited
use in the endometrial cancer population. Other risk stratification
models for VTE in cancer have been published and incorporate a variety
of factors including medical comorbidities, serum biomarkers, genetics,
surgical approach and specific treatment regimens [27]. Furthering our
investigation to include these could identify additional factors associ-
ated with VTE development in our cohort of endometrial cancer pa-
tients.

Sixty-five percent of the patients in our cohort were Black, making
this a unique dataset. Although our results do suggest that higher
stage at diagnosis is associated with VTE diagnosis and Black women
with endometrial cancer more frequently present with Stage IV disease
compared to white women, Black race was not associated with develop-
ment of VTE in our cohort (p = 0.995) [33]. However, Datta et al., in an
analysis of a statewide cancer registry demonstrated a higher risk of
cancer-associated thrombosis in Black and African American patients
across almost all cancer types compared to white patients, with the
most significant difference in uterine cancer (HR 2.11; 95% CI,
1.80-2.48) [33]. Race and ethnicity were independent risk factors for
cancer-associated thrombosis in their analysis and other studies have
demonstrated similar results, even when cancer stage at VTE diagnosis
is consistent across racial groups [23,34].

Limitations of this study include its retrospective nature, limited his-
toric sociodemographic and comorbidity data, and a single-institution
patient population. We acknowledge the competing risk of death in ad-
vanced stage cancer cohort could bias the incidence, yielding lower
rates of VTE, while selecting a cohort of cancer patients on
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Fig. 2. Timing of VTE diagnosis in the course of cancer treatment.

Table 2

Distribution of disease at the time of VTE diagnosis.
Disease location n (%)
Uterus 30 (38.5)
Vagina 5(64)
Adnexae or pelvic mass 11 (14.1)
Pelvic LN 19 (24.4)
Para-aortic LN 15(19.2)
Carcinomatosis 24 (30.8)
Ascites 14 (17.9)
Other distant site 27 (34.6)
No evidence of disease 22 (28.2)

chemotherapy undergoing regular imaging studies likely increases the
overall detection rate of asymptomatic VTE. Strengths include the total
number of patients evaluated and capture of granular data over the en-
tire cancer course of a chemotherapy-restricted cohort, as well as the ra-
cial and histologic diversity among included patients.

In conclusion, over a quarter of our patients with endometrial cancer
who received chemotherapy as part of their initial treatment, represent-
ing a high risk population, developed VTE either during their initial
treatment, surveillance, or during recurrence therapy. The only signifi-
cant risk factor identified was stage at diagnosis, with patients with
Stage IV disease significantly more likely to develop VTE compared to
others. Ongoing research to evaluate a broader patient population and
range of potential risk factors, including medical comorbidities, serum
biomarkers, and specific treatment regimens, to identify risk factors
predictive of VTE is critical to optimizing our ability to risk-stratify pa-
tients and potentially implement standardized prophylaxis protocols
to reduce the burden of VTE in endometrial cancer patients.
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