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Abstract

Objective—To identify risk factors for venous thromboembolism (VTE) and to examine the 

association of VTE and survival in women with uterine carcinosarcoma.

Methods—This multicenter retrospective study examined 906 women who underwent primary 

surgical treatment for stage I-IV uterine carcinosarcoma. Time-dependent analyses were 

performed for cumulative incidence of VTE after surgery on multivariate models.

Results—There were 72 (7.9%) women who developed VTE after surgery with 1-, 2-, and 5-year 

cumulative incidences being 5.1%, 7.3%, and 10.2%, respectively. On multivariate analysis, older 

age (hazard ratio [HR] per year 1.03, P = 0.012), non-Asian race (HR 6.28, P< 0.001), large body 

habitus (HR per kg/m2 1.04, P = 0.014), residual disease at surgery (HR 3.04, P = 0.003), tumor 

size ≥5 cm (HR2.73, P = 0.003), and stage IV disease (HR2.12, P = 0.025) were independently 

associated with increased risk of developing VTE. A risk pattern analysis identified that obese 

Non-Asian women with large tumors (13.7% of population) had the highest incidence of VTE (2-

year cumulative rate, 26.1%) whereas Asian women with no residual disease (47.1% of 

population) had the lowest (2-year cumulative rate, 1.6%) (P< 0.001). Presence of carcinoma/

sarcoma in metastatic sites was significantly associated with increased risk of VTE compared to 

carcinoma alone (2-year rates, 31.2% versus 8.4%, P = 0.049). VTE was independently associated 

with decreased progression-free survival on multivariate models (5-year rates, 24.9% versus 
47.2%, HR 1.46,95%CI 1.05–2.04, P = 0.026).

Conclusion—Our study suggests that VTE represents a surrogate marker of aggressive tumor 

behavior and diminished patient condition in uterine carcinosarcoma; obese Non-Asian women 
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with large tumors carry a disproportionally high risk of VTE, suggesting that long-term 

prophylaxis may benefit this population.
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Uterine carcinosarcoma; Venous thromboembolism; Deep vein thrombosis; Pulmonary embolism; 
Risk factors; Survival

1. Introduction

Uterine carcinosarcoma is a rare high-grade endometrial cancer and represents the 

phenomena of epithelial-to-mesenchymal transition (EMT) with the sarcoma component 

being dedifferentiated from the carcinoma component [1]. Uterine carcinosarcoma is 

typically a disease of the elderly, a population that often has multiple medical comorbidities 

and physical deconditioning [1]. Moreover, women with uterine carcinosarcoma frequently 

present with advanced-stage disease [2]; all of these are known to be risk factors for 

developing venous thromboembolism (VTE) [3–5].

VTE is a common clinical problem in women with gynecologic malignancies, including 

ovarian (VTE incidence, 6.4–23.2%), cervical (12.3%), and endometrial (8.1%) cancers [6–

9]. Across these three cancer types, VTE is recognized as a manifestation of aggressive 

tumor characteristics such as advanced or metastatic disease (VTE incidence, 23.5–44.8%), 

thrombocytosis (22.3–25.0%), high-risk histology (ovarian clear cell carcinoma 11.9–43.1%; 

and uterine serous/clear cell carcinomas 28.6–29.2%), as well as poor patient condition 

including hypoalbuminemia (19.3–53.2%) [6–9]. Additionally, women who develop VTE 

have worse survival outcomes as demonstrated in published studies [6–9].

Because uterine carcinosarcoma has similar clinical and molecular characteristics to other 

high-risk endometrial cancer types [10,11], and is associated with risk factors for developing 

VTE, it is likely that women with uterine carcinosarcoma carry a high risk of developing 

VTE. To date there has been no prior study examining the significance of VTE solely in the 

uterine carcinosarcoma population. Therefore, identifying a subgroup of women with an 

increased risk of VTE may alter the management of uterine carcinosarcoma.

The objective of this study was (i) to examine incidence and risk factors for VTE and (ii) to 

examine the association of VTE and survival in women with uterine carcinosarcoma.

2. Patients and methods

2.1. Study eligibility

This is a secondary analysis of a formerly organized surgical database for uterine 

carcinosarcoma [2,12–15]. Previously, we conducted a large- scale multicenter retrospective 

review of women with stage I–IV uterine carcinosarcoma who underwent primary 

hysterectomy-based surgical treatment between 1993 and 2013. We obtained Institutional 

Review Board approval at each participating institution. There were 26 institutions from the 

United States and Japan that participated in this study (906 cases). By utilizing this surgical 

Matsuo et al. Page 3

Gynecol Oncol. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



database, we queried the cases of women who developed VTE after the initial surgery for 

uterine carcinosarcoma.

2.2. Clinical information

From the database, we obtained the following information for the analysis: patient baseline 

characteristics, pathology results, initial treatment information, and survival outcomes. For 

patient characteristics, patient age (continuous), country (USA versus Japan), race (White, 

Black, Hispanic, and Asian), body mass index (BMI, continuous), gravidity (null versus 
multi), and preoperative CA-125 level (continuous) were evaluated.

Histopathologic results included carcinoma component (low-grade versus high-grade), 

sarcoma component (homologous versus heterologous), tumor size from the uterine 

specimen (≥5 versus <5 cm) [16], presence of sarcoma dominance (yes versus no), depth of 

myometrial tumor invasion (inner-half versus outer-half), lympho-vascular space invasion 

(LVSI, present versus absent), pelvic and para-aortic lymph node status (metastasis, non-

metastasis, and not examined), and cancer stage (I, II, III, and IV). In addition, histology 

subtypes of the carcinoma component were examined as classified previously [2].

Treatment information abstracted included: residual disease at the end of primary 

hysterectomy-based surgery (yes versus no), use of postoperative chemotherapy (yes versus 
no), and use of postoperative radiotherapy (yes versus no). For survival outcomes, 

progression-free survival (PFS) and cause-specific survival (CSS) were recorded.

2.3. Evaluation of VTE

Information regarding VTE, itemized in the universal data record form at the time of data 

collection, was examined for the time interval between the hysterectomy-based surgery and 

the last follow-up date. Type of VTE was grouped into deep venous thrombosis (DVT) or 

pulmonary embolism (PE). Across the study sites, the diagnosis of VTE was made by 

radiographic imaging modalities including computed tomography, pulmonary angiogram, 

ventilation perfusion lung scan, or Doppler study. This database does not contain 

information regarding prophylactic anti-coagulation.

2.4. Histopathologic evaluation

For this multicenter retrospective study, gynecologic pathologists at each institution 

reviewed the archived histopathology slides to determine the type of carcinoma and sarcoma 

component, sarcoma dominance, myometrial tumor invasion, and LVSI. Among metastatic 

sites, histology patterns were also examined for carcinoma alone, sarcoma alone, and both 

carcinoma and sarcoma. The details of the methodology are described in our previous study 

[2].

2.5. Study definition

Cancer stage was reclassified based on the 2009 International Federation of Gynecology and 

Obstetrics (FIGO) system [17]. Sarcoma dominance was defined as a sarcoma component 

comprising >50% of the primary tumor in the hysterectomy specimen. Lymph node ratio 

was defined as the percent proportion of lymph node containing tumor cells among the 
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sampled nodes. PFS was defined as the time interval between the date of hysterectomy and 

the date of the first recurrence/progression of disease or last follow-up. CSS was defined as 

the time interval between the date of surgical staging and the date of death due to uterine 

carcinosarcoma or last follow-up. Women who were alive at the last follow-up or died of 

other disease were censored.

2.6. Statistical consideration

The primary interest of analysis was to estimate incidence of VTE and to identify 

independent risk factors for VTE in women with uterine carcinosarcoma. The secondary 

interest of analysis was to examine the association of VTE and survival in uterine 

carcinosarcoma. Continuous variables were assessed for the normality with the 

Kolmogorov-Smirnov test, expressed with mean (±SD) or median (interquartile range) as 

appropriate. Statistical significance of continuous variables was examined by Student t-test 

or Mann-Whitney U test as appropriate. Categorical variables were evaluated with chi-

square test or Fisher exact test as appropriate.

Because development of VTE after the diagnosis of uterine carcinosarcoma is a time-

dependent event, we used a log-rank test for univariate analysis and a Cox proportional 

hazard regression model for multivariate analysis to identify the significant risk factors for 

VTE that developed during the follow-up time after the surgical treatment for uterine 

carcinosarcoma. In the multivariate model, all the covariates with P < 0.05 on univariate 

analysis were entered in the initial model, and the least significant covariate was removed 

from the model until the model included only significant covariates with P < 0.05 in the final 

model (conditional backward method). Magnitude of the statistical significance was 

expressed with hazard ratio (HR) and 95% confidence interval (CI). Cumulative incidence 

curves were constructed by the Kaplan-Meier method.

In an attempt to predict a subgroup of women with increased risk of VTE, a recursive 

partitioning analysis was performed to construct a regression-tree model for VTE risk 

pattern [18]. All independent risk factors of VTE were entered in the analysis, and chi-

square automatic interaction detector method was used for the model. Among the 

determined nodes in this analysis, cumulative incidence curves of VTE were constructed 

with a log-rank test to characterize a subgroup of women with increased risk of VTE.

On survival analysis, we used various models to examine the durability of an independent 

association of VTE and survival outcome. In each, the association was adjusted for (i) age 

alone, (ii) age and stage, (iii) age, stage, residual disease, postoperative chemotherapy, and 

postoperative radiotherapy, and (iv) age, stage, residual disease, postoperative chemotherapy, 

postoperative radiotherapy, carcinoma type, tumor size, sarcoma dominance, and myometrial 

invasion. The rationale for the adjustment models were that these covariates are known to be 

a priori survival factors and that interaction between these covariates can be assessable in 

each layer of the adjustment model [2].

The variance inflation factor was determined among covariates in multivariate analysis, and 

a value of ≥2 was defined as multicollinearity in this study. In multivariate analyses, over-

adjustment was assessed with the ratio of events-of-interest per the entered covariates, and a 
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cutoff level of < 10 was interpreted as over-adjustment in this study. A P < 0.05 was 

considered statistically significant with two-tailed hypothesis, and Statistical Package for 

Social Science software (IBM SPSS, version 24.0, Armonk, NY, USA) was used for all the 

analyses. The STROBE guidelines were consulted to outline the results of retrospective 

cohort studies [19].

3. Results

Among 906 women in the study cohort, there were 72 (7.9%, 95%C1 6.2–9.7) women who 

developed VTE. Among the 72 VTE cases, the majority was DVT alone (n = 38, 52.9%) 

followed by PE alone (n = 23, 31.9%) and both DVT and PE (n = 11,15.3%). Nearly one 

sixth (n = 11,15.3%) of VTE were diagnosed at the time of uterine carcinosarcoma 

diagnosis. Peri-operative diagnosis of VTE within 30 days from surgery was seen in < 10% 

of all VTE cases (n = 7, 9.7%). The most common timing of VTE was after recurrence (n = 

23, 31.9%) followed by the time period between one to six months after surgery (n = 17, 

23.6%).

Baseline patient characteristics are shown in Table 1. Women who developed VTE were 

more likely to be older compared to those who did not (median, 65 versus 63 years, P = 

0.028). Non-Asian women had higher risks of VTE compared to Asian women (P < 0.001), 

and Black women had the highest incidence of VTE (21.4%) followed by Hispanic (13.6%) 

and White (12.3%) women. Residents in Japan had a significantly lower incidence of VTE 

compared to those in the United States (3.2% versus 13.2%, P < 0.001). Women who 

developed VTE had a larger body habitus compared to those who did not (median BM1, 

29.7 versus 23.1 kg/m2, P < 0.001).

Treatment types were compared between the two groups (Table 1). Women who had residual 

tumor at the end of hysterectomy-based surgery were more likely to develop VTE compared 

to those who did not (15.2% versus 6.8%, P = 0.008). Postoperative chemotherapy use 

(8.8% versus 6.4%) as well as radiotherapy use (9.6% versus 7.5%) was not associated with 

development of VTE (both, P > 0.05).

Association of tumor characteristics and VTE was examined (Table 2). Women whose 

tumors were high-grade carcinoma were more likely to develop VTE compared to those who 

had low-grade carcinoma (9.2% versus 4.7%, P = 0.028). Among carcinoma types, serous 

histology had the highest 2-year cumulative incidence of VTE (10.7%) followed by mixed 

(10.3%), grade 3 endometrioid (7.6%), and clear cell (6.9%) histology types (Table S1). 

Serous histology had a significantly increased risk of VTE compared to grade 1 

endometrioid type (10.7% versus 6.3%, P = 0.031).

Large tumor size was significantly associated with development of VTE (9.4% versus 5.3%, 

P = 0.037). Women who had pelvic lymph node metastasis had a higher incidence of VTE 

compared to those who did not (9.9% versus 5.3%, P = 0.047). The extent of pelvic or para-

aortic lymph node metastasis was not associated with development of VTE (both, P> 0.05). 

Women who had advanced disease had a significantly higher incidence of VTE compared to 

those who did not (stage IV versus I-III, 18.3% versus 5.2–8.3%, P < 0.001).
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A multivariate analysis was performed to identify the independent clinico-pathological 

factors associated with development of VTE (Table 3). We found that older age (HR per year 

1.03, 95%CI 1.01–1.06, P = 0.012), non-Asian ethnicity (HR 6.28, 95%CI 2.74–14.4, P < 

0.001), large body habitus (HR per kg/m2 1.04,95%CI 1.01–1.07, P = 0.014), residual tumor 

at hysterectomy-based surgery (HR3.04,95%CI1.38–6.72, P = 0.003), uterine tumor size ≥5 

cm (HR 2.73, 95%CI 1.39–5.33, P = 0.003), and stage IV disease (HR 2.12, 95%CI 1.10–

4.07, P = 0.025) were independently associated with increased risk of developing VTE. 

Carcinoma component did not remain an independent risk factor for VTE in this two-tier 

model as well as in the histology type-specific model (Table S2). In a post-hoc analysis 

median BMI was examined across race. The results showed that Asians had the lowest BMI 

among the races (White 29.4, Black 32.4, Hispanic 29.1, and Asian 22.3 kg/m2, P < 0.001).

By utilizing these six independent risk factors for VTE, a recursive partitioning analysis was 

performed to construct a regression-tree model (Fig. 1). A total of 796 women with available 

data on these risk factors were clustered into the five groups (node 3, 4, 5, 7, and 8). 

Cumulative incidences of VTE were significantly associated with the patterns of these 

independent risk factors for VTE (P < 0.001; Fig. 2A). Obese Non-Asian women with large 

tumors, representing 13.7% of population, had the highest incidence of VTE (2-year 

cumulative rate, 26.1%; node 8). Asian women with no residual disease, representing 47.1% 

of population, had the lowest incidence of VTE (2-year cumulative rate, 1.6%; node 3).

Histology patterns of lymph node and omental metastases were examined for VTE risk. 

Among 193 women with available histology patterns, carcinoma alone (n = 147, 76.2%) was 

the most common histology pattern followed by sarcoma alone (n = 24,12.4%) and both 

carcinoma and sarcoma (n = 22,11.4%). Presence of carcinoma/sarcoma in metastatic sites 

was significantly associated with increased risk of VTE compared to carcinoma alone (2-

year rates, 31.2% versus 8.4%, P = 0.049). Women with carcinoma alone and sarcoma alone 

at these metastatic sites had similar incidences of VTE (8.4% versus 5.6%, P = 0.56).

Survival analysis was performed (Table 4). Median follow-up time for women without 

events was 32.2 months for the VTE group and 36.5 months for the non-VTE group. There 

were 49 (68.1%) women who developed recurrence/progression or death from uterine 

carcinosarcoma in the VTE group; whereas 380 (45.7%) women developed these events in 

the non-VTE group. On univariate analysis, VTE was significantly associated with 

decreased PFS (24.9% versus 47.2%, P < 0.001; Fig. 2B) and CSS (43.6% versus 60.2%, P 
= 0.001). On multivariate models, association of VTE and decreased PFS remained 

independent after controlling for patient demographics, tumor factors, and treatment types 

(HR 1.46, 95%CI 1.05–2.04, P = 0.024; Model 4). Association of VTE and CSS did not 

reach statistical significance in the same model (HR 1.34,95%CI 0.91–1.97, P = 0.14; Model 

4). Type of VTE was not associated with survival (all, P> 0.05).

4. Discussion

Our study found that women with uterine carcinosarcoma carry a high-risk of VTE that is 

associated with aggressive tumor characteristics and poor patient condition. Moreover, 
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women who have multiple risk factors have a considerably increased risk of VTE. Both 

tumor and patient factors related to VTE warrant further discussion.

Based on our study, patient-related factors for developing VTE include old age, large body 

habitus, and race. Generally, increasing age is known to be a risk factor for developing VTE 

[3,4]. It is likely that women with a geriatric age have multiple medical comorbidities and 

decreased daily activity, thus increasing VTE risk. Obesity is a state of chronic inflammation 

and increased unopposed estrogen [20]. Increased inflammatory cytokines related to excess 

visceral adiposity, including IL-6, result in an increased risk of VTE [6,20,21]. Excess 

adiposity not only increases aromatase activity resulting in estrogen production but also 

decreases sex hormone-binding globulin resulting in increased bioactive estrogen [20]. Such 

increased levels of circulating estrogen may result in an increased risk of VTE in obese 

women particularly in the elderly [22].

In our study we found that race was not only a risk factor for developing VTE, but was the 

factor with the largest magnitude of statistical significance. Asian women had the smallest 

body habitus among the examined patients. This may indirectly result in a lower VTE 

incidence as large body habitus was found to be an independent risk factor for VTE in our 

study. Asian women may carry less risk of obesity-related medical comorbidities compared 

to others; which could further directly or indirectly impact VTE risk. Generally, race is an 

important factor for VTE and needs to be considered for risk-stratification [23].

Based on the results of this investigation, tumor-related factors for developing VTE were 

residual tumor at surgery, large uterine tumor size, and stage IV disease. Moreover, presence 

of both carcinoma/sarcoma at the metastatic site, a possible histopathologic evidence of 

EMT, was a significant factor for VTE. These findings imply a role of the EMT in VTE 

development. EMT is a unique tumor characteristic in uterine carcinosarcoma and is 

associated with aggressive tumor behavior [1, 11]. EMT is known to be a mechanism by 

which cancer metastasizes via induction of inflammatory cytokines [24,25]. Various 

inflammatory cytokines induce EMT via alteration in expression of adhesion molecules and 

transcription factors [26,27], and similar to the induction of EMT, inflammatory cytokines 

can also cause VTE [28,29]. In the setting of metastatic disease, circulating tumor cells 

activate coagulation factors resulting in VTE formation [30]. Taken together, it is speculated 

that the triad of inflammation, EMT, and VTE interact closely in metastatic uterine 

carcinosarcoma.

Another possible tumor-related factor unique to uterine carcinosarcoma may include 

P1K3CA, which is known to be commonly mutated and amplified in uterine carcinosarcoma 

[10,11]. PIK3CA mutation upregulates NF-κB, leading to induction of EMT and IL-6 

dependent STAT3 activation, and elevation of IL-6 transcription occurs due to the mutated 

PIK3CA gene [31,32]. Because increased IL-6 is associated with increased risk of VTE via 
induction of pro-coagulant factors [6, 21], it may be speculated that PIK3CA mutation in 

uterine carcinosarcoma induces the IL-6 elevation that causes thromboembolic events.

In our study, serous histology in the carcinoma component had the highest incidence of 

VTE. Uterine carcinosarcoma shares many clinical and molecular similarities to another 
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type of high-grade endometrial cancer, uterine serous carcinoma [10,11,33]. Uterine serous 

carcinoma molecularly and clinically mimics high-grade serous ovarian carcinoma where 

IL-6 mediated paraneoplastic thrombocytosis is known to be a mechanism of tumor 

progression [9,34,35]. Because thrombocytosis is associated with increased risk of VTE and 

serous histology is one of the common carcinoma components in uterine carcinosarcoma [2], 

it is speculated that IL-6 dependent thrombocytosis may result in increased risk of VTE in 

uterine carcinosarcoma.

A strength of this study is that it is likely the first to report on the significance of VTE solely 

in patients with uterine carcinosarcoma. Given the rarity of uterine carcinosarcoma, the 

findings in this study have important implications for daily practice and management 

regarding this disease. Moreover, sample size and event number for VTE in this study were 

large enough to conduct multivariate analysis. There are also a few limitations to this study. 

First, this study was conducted retrospectively, making it possible to have missed 

confounding factors in the analysis. For example, we only collected symptom-based VTE; 

exact incidences of sub-clinical VTE were not captured as assessment for biological markers 

such as plasma d-dimer was not routinely performed [36]. Moreover, this database does not 

have information on past history of VTE, which is a major risk factor for subsequent VTE.

Our surgical database lacks information on treatment type and compliance related to VTE. 

Because heparin is considered as the standard treatment for VTE in cancer patients and is 

suggested to demonstrate anti-tumor effects via inhibition of tumor proliferation, metastasis, 

and angiogenesis as shown in pre-clinical studies [37], one may argue that lack of 

information on heparin use could have interfered with the results of survival analysis. 

However, a recent meta-analysis has shown that heparin use has a small effect on mortality 

among cancer patients [38]. We also did not have information for postoperative VTE 

prophylaxis in our database. However, we found that the majority of VTE in women with 

uterine carcinosarcoma were diagnosed outside the perioperative period. In addition, our 

study did not contain biological data such as oncogene mutation, albumin level, platelet 

counts, and IL-6 levels. Thus, while the proposed mechanism for tumor-related VTE for 

uterine carcinosarcoma sounds plausible, it remains unknown if these genetic signatures are 

associated with aggressive tumor characteristics resulting in metastatic disease and increased 

risk of VTE. Lastly, patient medical comorbidities and performance status, which are 

important risk factors for VTE, were not available in our dataset.

Given the decreased quality of life associated with VTE and heparin injection as well as cost 

related to therapeutic heparin treatment, an effort to reduce VTE would be clinically 

meaningful. In this study, we found that women with uterine carcinosarcoma who had 

certain risk factors carry a disproportionally high risk of VTE (obese non-Asian with large 

tumor), and this subgroup may be a candidate population for VTE prophylaxis. Aspirin and 

statins are shown to reduce the risk of VTE [39,40]. These pharmacologic agents are 

relatively inexpensive compared to other anti-thromboembolic agents and may possibly 

decrease cancer mortality [41–44], and thus, further study for risks and benefits as well as 

cost-effectiveness would be warranted.
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HIGHLIGHTS

• Venous thromboembolism (VTE) was examined in uterine carcinosarcoma 

(UCS).

• Approximately 8% of women with UCS developed VTE.

• Patient factors for VTE: older age, large body habitus, and non-Asian

• Tumor factors for VTE: residual disease, large tumor, and stage IV disease

• VTE was associated with decreased survival in UCS.
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Fig. 1. 
Regression tree model for venous thromboembolism. A recursive partitioning analysis was 

performed to construct a regression-tree model for VTE risk. All independent risk factors of 

VTE were entered in the analysis (Table 3), and chi-square automatic interaction detector 

method was used for the model. Abbreviations: VTE, venous thromboembolism; and BMI, 

body mass index.
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Fig. 2. 
Kaplan-Meier curves for venous thromboembolism. Log-rank test for P-values. Follow-up 

time was truncated at 5 years from surgical treatment. A) Cumulative incidence of VTE 

based on the risk factor patterns in decision-tree model, and B) progression-free survival 

based on VTE. Abbreviation: VTE, venous thromboembolism.
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Table 1

Patient demographics based on VTE (N = 906).

Characteristics VTE (−) VTE (+) P-value

Number 834 (92.1%) 72 (7.9%)

Age (year) 63 (IQR 14) 65 (IQR 15) 0.028

Race <0.001

 White 249 (87.7%) 35 (12.3%)

 Black 66 (78.6%) 18 (21.4%)

 Hispanic 19 (86.4%) 3 (13.6%)

 Asian 466 (96.9%) 15 (3.1%)

 Others 18 (94.7%) 1 (5.3%)

Country <0.001

 USA 376 (86.8%) 57 (13.2%)

 Japan 458 (96.8%) 15 (3.2%)

Gravidity 0.17

 Null 124 (89.2%) 15 (10.8%)

 Multi 684 (92.7%) 54 (7.3%)

BMI (kg/m2) 23.1 (IQR 6.0) 29.7 (IQR 11.4) <0.001

CA-125 (IU/L) 22.3 (IQR 47) 32.2 (IQR 80) 0.21

Residual disease at surgery 0.008

 No 721 (93.2%) 53 (6.8%)

 Yes 84 (84.8%) 15 (15.2%)

Postope chemotherapy 0.24

 No 276 (93.6%) 19 (6.4%)

 Yes 549 (91.2%) 53 (8.8%)

Postope radiotherapy 0.33

 No 616 (92.5%) 50 (7.5%)

 Yes 208 (90.4%) 22 (9.6%)

Median (IQR) or number (%) per row is shown. Mann-Whitney U test, Fisher exact test, or chi-square test for P-values. Significant P-values are 
emboldened. Abbreviations: IQR, interquartile range; BMI, body mass index; CA-125, cancer antigen 125; and VTE, venous thromboembolism.
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Table 2

Tumor characteristics based on VTE (N = 906).

Characteristics VTE (−) VTE (+) P-value

Carcinoma 0.028

 Low-grade 244 (95.3%) 12 (4.7%)

 High-grade 590 (90.8%) 60 (9.2%)

Sarcoma 0.32

 Homologous 495 (92.9%) 38 (7.1%)

 Heterologous 339 (90.9%) 34 (9.1%)

Tumor size 0.037

 <5 cm 301 (94.7%) 17 (5.3%)

 ≥5 cm 510 (90.6%) 53 (9.4%)

Sarcoma dominance 0.61

 No 486 (92.6%) 39 (7.4%)

 Yes 333 (91.5%) 31 (8.5%)

Myometrial invasion 0.39

 Inner half 435 (92.8%) 34 (7.2%)

 Outer half 392 (91.2%) 38 (8.8%)

LVSI 0.61

 Absent 332 (92.7%) 26 (7.3%)

 Present 500 (91.7%) 45 (8.3%)

PLN metastasis 0.047

 No 464 (94.7%) 26 (5.3%)

 Yes 155 (90.1%) 17 (9.9%)

PAN metastasis 0.37

 No 308 (96.0%) 13 (4.0%)

 Yes 74 (93.7%) 5 (6.3%)

LNR (%)
a

 Pelvic 16.7 (IQR 32.9) 15.5 (IQR 23.4) 0.71

 Para-aortic 40.0 (IQR 85.9) 33.4 (IQR 77.6) 0.89

Stage <0.001

 I 422 (94.8%) 23 (5.2%)

 II 61 (93.8%) 4 (6.2%)

 III 253 (91.7%) 23 (8.3%)

 IV 98 (81.7%) 22 (18.3%)

Median (IQR) or number (%) per row is shown. Mann-Whitney U test, Fisher exact test, or chi-square test for P-values. Significant P-values are 
emboldened. Abbreviations: IQR, interquartile range; LVSI, lympho-vascular space invasion; PLN, pelvic lymph node; PAN, para-aortic lymph 
node; LNR, lymph node ratio; and VTE, venous thromboembolism.

a
Among node metastatic cases.
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Table 4

Multivariate models for association of VTE and survival outcome (N = 906).

Progression-free survival Cause-specific survival

HR (95%CI) P-value HR (95%CI) P-value

Unadjusted 1.78 (1.32–2.40) <0.001 1.79 (1.27–2.53) 0.001

Model 1 1.67 (1.24–2.26) 0.001 1.65 (1.17–2.33) 0.004

Model 2 1.39 (1.03–1.88) 0.03 1.33 (0.94–1.88) 0.11

Model 3 1.42 (1.03–1.96) 0.03 1.40 (0.97–2.01) 0.07

Model 4 1.46 (1.05–2.04) 0.026 1.34 (0.91–1.97) 0.14

Cox proportional hazard regression models for multivariate analysis. Model 1: adjusted for age (continuous). Model 2: adjusted for age and stage 
(I-II versus III-IV). Model 3: adjusted for age, stage, residual disease, postope chemotherapy (yes versus no), and postope radiotherapy (yes versus 
no). Model 4: adjusted for age, stage, residual disease, postope chemotherapy, postope radiotherapy, carcinoma type (low- versus high-grade), 
tumor size (≥5 versus < 5 cm), sarcoma dominance (yes versus no), and myometrial invasion (inner-half versus outer-half). Event-to-variable ratio 
≥ 10 indicates absence of over-adjustment. Significant P-values are emboldened. Abbreviations: VTE, venous thromboembolism; HR, hazard ratio; 
and CI, confidence interval.
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