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Abstract

Objective: To develop and validate a nomogram prediction
model for deep vein thrombosis (DVT) in epithelial ovarian
cancer (EOC).

Methods: Between May 2021 and May 2024, 429 EOC patients
admitted to our hospital were retrospectively identified. The
patients were randomly divided into a modeling group and a
validation group. Based on whether DVT occurred, the modeling
group was classified into a DVT group and a non-DVT group.
The influencing factors associated with DVT in EOC were ana-
lyzed using multivariable logistic regression. R software was used
to construct the nomogram model. The receiver operating
characteristic (ROC) curve was used to evaluate the discrim-
ination of the nomogram. Moreover, the decision curve analysis
(DCA) was used to evaluate the clinical utility of the model.

Results: Of 429 patients, 116 developed DVT, with an incidence
rate of 27.04%. In the modeling group of 300 patients, 81 devel-
oped DVT, with an incidence rate of 27.00%. Multivariate logistic
regression showed that age, BMI, hypertriglyceridemia, tumor
staging, tumor grade, CA125 level, platelet count (PLT), and fi-
brinogen level (FIB) were independent risk factors for developing
DVT in EOC (P <0.05). The area under the ROC curve (AUC)
for the modeling group was 0.893, and the AUC of the validation
group was 0.973. The Hosmer-Lemeshow (H-L) test of the mod-
eling group showed y*>=7.324 (P =0.722), and the H-L test of the
validation group showed x> =7.043 (P=0.711), suggesting good
calibration. DCA curve showed that the threshold probability was
between 0.08 and 0.97, the clinical value of the DVT nomogram
model provided a net clinical benefit.

Conclusion: Age, BMI, hypertriglyceridemia, tumor stage, tumor
grade, CA125 level, platelet count (PLT), and fibrinogen level
(FIB) are significant independent risk factors for EOC patients

developing DVT. The nomogram constructed with these factors
demonstrates good predictive performance and clinical utility in
predicting the risk of DVT in EOC patients.
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varian cancer was diagnosed in nearly 300,000 in-

dividuals in 2018, leading to ~180,000 deaths, un-
derscoring its high mortality rate.! Epithelial ovarian
cancer (EOC), which accounts for more than 90% of
ovarian cancer cases, is the most common type. The in-
sidious onset of the disease means early symptoms are
often inconspicuous or absent. As the disease progresses,
symptoms like abdominal bloating and reduced appetite
may appear. Due to the lack of specificity in early pre-
sentation, most patients are diagnosed at an advanced
stage, significantly limiting treatment options and
contributing to poor prognoses.2 Currently, standard
treatment for EOC involves surgery and chemotherapy,
but extensive surgery procedures can increase the risk of
postoperative complications, potentially compromising
patient survival rates.3 Venous thromboembolism, a con-
dition where blood in the veins abnormally clots, primarily
includes pulmonary embolism and deep vein thrombosis
(DVT), and is a major cause of postoperative mortality.4
DVT can lead to swelling and thickening in the lower
limbs. If left untreated, the clot may detach and travel
through the bloodstream to the lungs, causing pulmonary
embolism, which leads to respiratory difficulty, shock,
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and, in severe cases, respiratory failure.> Furthermore,
studies suggest that DVT and VTE can promote tumor
progression and metastasis, further adversely affecting
patient prognosis.® The pathogenesis of DVT complicat-
ing EOC remains unclear, and identifying factors that
influence DVT onset is crucial for early prevention, which
can improve patient prognosis. Nomograms, as predictive
models, simplify statistical prediction models into clear
graphics, generating numerical probabilities of clinical
events tailored to individual patients. This helps provide
personalized treatment for patients and assists clinicians in
formulating preventive measures.”-8 Despite their utility,
limited research exists regarding the use of nomograms for
predicting DVT in EOC patients. Therefore, this study
aims to develop and validate a nomogram prediction
model for DVT complicating EOC.

METHODS

General information

We retrospectively identified 429 EOC patients ad-
mitted to Wenzhou Central Hospital between May 2021
and May 2024. The patients were randomly divided into
two groups in a 7:3 ratio to either the modeling group
(n=300) or the validation group (n=129). Patients in the

modeling group were further categorized into a DVT
group or a non-DVT group based on whether they de-
veloped postoperative DVT. A case flow diagram is shown
in Figure 1. Inclusion criteria were: (1) pathologically
confirmed diagnosis of EOCY; (2) confirmed diagnosis of
postoperative DVT based on the criteria below (see the
DVT diagnosis criteria section); (3) no prior anti-cancer
treatment (eg, surgery, chemotherapy) or anticoagulant
therapy before admission; (4) complete clinical data
available for analysis. Exclusion criteria were: (1) presence
of other concurrent or previous malignant tumors; (2)
known underlying coagulation disorders; (3) severe hep-
atic or renal dysfunction; (4) previous history of venous
thrombosis (VTE); (5) known primary hematological
diseases; (6) psychiatric disorders precluding cooperation
with the study. This study was approved by the Ethics
Committee of our hospital.

DVT diagnosis criterial®

Postoperative DVT was diagnosed based on estab-
lished diagnostic guidelines,!0 clinical assessment, and
confirmatory imaging examinations. Clinically, patients
were suspected of having DVT if they presented with
symptoms such as sudden swelling and pain in the affected
limb, increased tension in the soft tissues, worsening pain

(s

ased on the information available in the electronic case database, the
literature was reviewed to determine the scientific idea, and 429 cases of
EOC patients admitted to our hospital from May 2021 to May 2024 were
selected according to the nadir criteria (56 cases were screened to

\exclude case information that would have influenced this study)
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Logistic regression was used to analyze the influencing factors of EOC

patients with concurrent DVT; R software was used to construct a column-line

diagram model.ROC curve was used to assess the differentiation of the

column-line diagram; clinical decision curve (DCA) was used to assess the

clinical application value of the model.

FIG. 1. Case flow collection diagram. DCA, decision curve analysis; DVT, deep vein thrombosis; EOC, epithelial ovarian cancer;

ROC; receiver operating characteristic.
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TABLE 1. Comparison of clinical data between the modeling
group and the validation group

TABLE 2. Comparison of clinical data between DVT and non-
DVT groups

Modeling Validation Non-DVT
group group DVT group group
Factor (n=300) n=129) ¥ P Factor (m=81) (n=219) ¥ P
Age (%) 0.041 0.840 Age (%) 13.174 <0.001
>60y old 141 (47.00) 62 (48.06) >60 y old 52 (64.20) 89 (40.64)
<60y old 159 (53.00) 67 (51.94) <60y old 29 (35.80) 130 (59.36)
BMI (%) 0.376 0.540 BMI (%) 19.709 <0.001
>25 kg/m? 123 (41.00) 557 (44.19) >25 kg/m? 50 (61.73) 73 (33.33)
<25 kg/m? 177 (59.00) 72 (55.81) <25 kg/m® 31 (38.27) 146 (66.67)
Menopausal (%) 0.314 0.575 Menopausal (%) 0.098 0.754
Yes 160 (53.33) 65 (50.39) Yes 42 (51.85) 118 (53.88)
No 140 (46.67) 64 (49.61) No 39 (48.15) 101 (46.12)
Hypertension (%) 0.078 0.780 Hypertension (%) 0.029  0.864
Yes 83 (27.67) 34 (26.36) Yes 23 (28.40) 60 (27.40)
No 217 (71.60) 95 (73.64) No 58 (71.60) 159 (72.60)
Diabetes (%0) 0.977 0.323 Diabetes (%) 0.050  0.823
Yes 86 (28.67) 31 (24.03) Yes 24 (29.63) 62 (28.31)
No 214 (71.33) 98 (75.97) No 57 (70.37) 157 (71.69)
Hypertriglyceridemia 0.040 0.842 Hypertriglyceridemia 11.018  0.001
(%) (%)
Yes 110 (36.67) 46 (35.60) Yes 42 (51.85) 68 (31.05)
No 190 (63.33) 83 (64.34) No 39 (48.15) 151 (68.95)
Coronary heart disease 0.312 0.577 Coronary heart disease 0.887  0.346
(%) (%)
Yes 10 (3.33) 3 (2.33) Yes 4(4.94) 6 (2.74)
No 290 (96.67) 126 (97.67) No 77 (95.06) 213 (97.26)
Surgical history (%) 0.275 0.600 Surgical history (%) 0.065  0.799
Yes 115 (38.33) 46 (35.60) Yes 32 (39.51) 83 (37.90)
No 185 (61.67) 83 (64.34) No 49 (60.49) 136 (62.10)
Pathological type (%) 0.080 0.778 Pathological type (%) 0.067  0.796
Slurry type 163 (54.33) 72 (55.81) Slurry type 45 (55.56) 118 (53.88)
Nonslurry type 137 (45.67) 57 (44.19) Nonslurry type 36 (44.44) 101 (46.12)
Tumor staging (%) 0.013 0.909 Tumor staging (%) 12.484 <0.001
I-IT stage 154 (51.33) 67 (51.94) I-IT stage 28 (34.57) 126 (57.53)
III-1V stage 146 (48.67) 62 (48.06) III-IV stage 53 (65.43) 93 (42.47)
Tumor classification (%) 0.014 0.906 Tumor classification (%) 11.840 0.001
G1+G2 160 (53.33) 68 (52.71) G1+G2 30 (37.04) 130 (59.36)
G3 140 (46.67) 61 (47.29) G3 51 (62.96) 89 (40.64)
CA125 (%) 0.019 0.890 CA125 (%) 13.378 <0.001
>785 U/L 81 (27.00) 34 (26.36) >785 U/L 51 (62.96) 30 (39.27)
<785 U/L 219 (73.00) 95 (73.64) <785 U/L 30 (37.04) 133 (60.73)
PLT (%) 0.092 0.761 PLT (%) 14.416 <0.001
>400x10°/L 128 (42.67) 53 (41.09) >400x10°/L 49 (60.49) 79 (36.07)
<400x10°/L 172 (57.33) 76 (58.91) <400x10°/L 32 (39.51) 140 (63.93)
PT (%) 0.107 0.744 PT (%) 1.323  0.250
>12s 154 (51.33) 64 (49.61) >12s 46 (56.79) 108 (49.32)
<12s 146 (48.67) 65 (50.39) <12s 35 (43.21) 111 (50.68)
APTT (%) 0.266 0.606 APTT (%) 0.423  0.516
>335 150 (50.00) 61 (47.29) >335 43 (53.09) 107 (48.86)
<33s 150 (50.00) 68 (52.71) <33s 38 (46.91) 112 (51.14)
TT (%) 0.727 0.394 TT (%) 21.728 <0.001
>17s 153 (51.00) 60 (46.51) >17s 41 (50.62) 112 (51.14)
<17s 147 (49.00) 69 (53.49) <17s 40 (49.38) 107 (48.86)
FIB (%) 0.058 0.810 FIB (%) 17.125 <0.001
>4 g/L 134 (44.67) 56 (43.41) >4 g/L 52 (64.20) 82 (37.44)
<4 g/L 166 (55.83) 73 (56.59) <4 g/L 29 (35.80) 137 (62.56)

APTT, activated partial thromboplastin time; BMI, body mass index; CA125,
cancer antigen 125; FIB, fibrinogen; PLT, platelet count; PT, prothrombin time;
TT, thrombin time.

APTT, activated partial thromboplastin time; BMI, body mass index; CA125,
cancer antigen 125; FIB, fibrinogen; PLT, platelet count; PT, prothrombin time;
TT, thrombin time.

with activity (potentially relieved by elevation), and lo-
calized tenderness over the affected vein(s). Other possible
signs included visible superficial veins and (potentially) a
positive Homan’s sign. In severe cases, patients could de-
velop “phlegmasia cerulea dolens.” The primary imaging

modality was venous compression ultrasonography (CUS),
with diagnostic criteria including impaired venous blood
flow (eg, lack of Doppler signal augmentation), visual-
ization of intraluminal thrombus, venous distension at the
affected site, and non-compressibility of the vein segment.

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society. 13
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TABLE 3. Assignment methods of argument variables

Variable Assignment method

Age >60yold=1, <60y old=0
BMI >25 kg/m*=1,<25 kg/m*=0
Hypertriglyceridemia Yes=1,n0o=0

Tumor staging III-IV stage=1, I-II stage=0
Tumor classification G3=1, G1+G2=0

CA125 >785 U/L=1, <785 U/L=0
PLT >400x10°/L=1, <400x10°/L=1
FIB >4glL=1, <4g/L=0

BMI, body mass index; CA125, cancer antigen 125; FIB, fibrinogen; PLT,
platelet count.

Collection of clinical data and laboratory
indicators

Patient data were extracted retrospectively through
the electronic medical record (EMR) database. Data ex-
traction was performed by trained personnel using a
standardized data collection form to ensure accuracy and
validity. Data integrity was verified through cross-checks.
The collected baseline clinical data included: age, body
mass index (BMI), menopausal status, history of hyper-
tension (defined as systolic blood pressure > 140 mm Hg or
diastolic blood pressure >90 mm Hg, or current use of
antihypertensive medication), diabetes mellitus, hyper-
lipidemia (defined as fasting total cholesterol > 5.7 mmol/L
or triglycerides > 1.7 mmol/L, or current use of lipid-low-
ering medication), coronary heart disease, previous surgical
history, EOC histological type, FIGO tumor stage, and
tumor grade. Baseline laboratory indicators measured on
admission included CA-125, platelet count (PLT), pro-
thrombin time (PT), activated partial thromboplastin time
(APTT), thrombin time (TT), and fibrinogen (FIB).

Statistical analysis

All statistical analyses were performed using SPSS
version 25.0. Count data were analyzed with the % test and
presented as cases (%). Normally distributed continuous
data are analyzed using the ¢ test and presented as X + s.
Logistic regression analysis is used to identify the factors
influencing the occurrence of DVT in EOC patients. A
nomogram model is constructed using R software. The re-
ceiver operating characteristic (ROC) curve is used to
evaluate the discriminative ability of the nomogram. The
clinical decision curve analysis (DCA) is employed to assess

the clinical application value of the model. A P-value of
< 0.05 is considered statistically significant.

RESULTS

Comparison of clinical data between the
modeling and validation groups

There were no significant differences in baseline
clinical characteristics or laboratory indicators between
the modeling group (n=300) and the validation group
(n=129) (all P>0.05), indicating successful random-
ization (Table 1).

Comparison of clinical data between the DVT
and non-DVT groups

Of 429 patients, 116 developed DVT, with an in-
cidence rate of 27.04%. In the modeling group of 300
patients, 81 developed DVT, with an incidence rate of
27.00%. Significant differences were observed between the
two groups in terms of age, BMI, hyperlipidemia, tumor
stage, tumor grade, CA125, PLT, and FIB (P <0.05). No
significant differences were found in other clinical data
(P>0.05) (Table 2).

Multivariate analysis of the factors influencing
DVT in EOC patients

Using the occurrence of DVT (yes=1, no=0) as the
dependent variable, the factors identified as potentially sig-
nificant (P <0.10) in the univariable analysis (from Table 2)
were included as independent variables in the multivariable
logistic regression model. Variable assignment and coding
are shown in Table 3. The final multivariable logistic re-
gression analysis revealed that age, BMI, hyperlipidemia,
tumor stage, tumor grade, CA125 level, PLT count, and FIB
level were independent risk factors for developing post-
operative DVT in EOC patients (all P <0.05). Odds ratios
(ORs), 95% Cls, and P-values are presented in Table 4.

Construction of a nomogram for DVT in EOC
patients

The nomogram model was constructed as follows:
P=¢e"/(1+e"), where x=7.183%xage+4.872xBMI+4.099x
hyperlipidemia+3.325Xtumor  stage+2.529Xtumor grade
+2.175%XCA125+3.015XPLT+3.324XFIB. The factors,
based on their scores, are as follows: age, BMI, hyper-
lipidemia, tumor stage, FIB, tumor grade, CA125, and PLT.

TABLE 4. Multifactorial analysis of factors influencing DVT in EOC patients

Variable p value SE variable Wald y? variable P variable OR variable (95% CI)
Age 1.972 0.401 24.139 <0.001 7.183 (3.271-15.772)
BMI 1.583 0.399 15.788 <0.001 4.872 (2.231-10.640)
Hypertriglyceridemia 1.411 0.388 13.240 <0.001 4.099 (1.917-8.764)
Tumor staging 1.204 0.376 10.286 0.001 3.325 (1.597-6.961)
Tumor classification 0.928 0.400 5.393 0.020 2.529 (1.156-5.536)
CA125 0.777 0.362 4.607 0.032 2.175 (1.070-4.422)
PLT 1.104 0.304 13.179 <0.001 3.015 (1.662-5.471)
FIB 1.201 0.326 13.576 <0.001 3.324 (1.755-6.297)
Constant -3.956 0.420 88.676 <0.001 0.019 (-

BMI, body mass index; CA125, cancer antigen 125; DVT, deep vein thrombosis; EOC, epithelial ovarian cancer; FIB, fibrinogen; PLT, platelet count.
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FIG. 2. Construction of a nomogram for DVT in patients with EOC. DVT, deep vein thrombosis; EOC, epithelial ovarian cancer; FIB,

fibrinogen; PLT, platelet count.

For example, a patient aged below 65 years (0 points), with a
BMI <25 kg/m 2 (0 points), hyperlipidemia (71.5 points),
FIGO tumor stage II-IV (62.0 points), tumor grade G3 (48.5
points), CA125 >785 U/L (33.5 points), PLT >400x10°/L
(14.5 points), and FIB >4 g/L (46.5 points), would have the
total score of 276.5 points. Drawing a vertical line at this
total score would give a prediction value of 76% (Fig. 2).

Validation of the nomogram model for DVT in
EOC patients

The performance of the nomogram was evaluated in
both the modeling and validation datasets. The ROC

10
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sensitivity

04

02

00
0.0 02 04 06 08 10
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curves were plotted (Fig. 3). The AUC for the modeling
group was 0.893 (95% CI =0.845-0.940), and the AUC for
the validation group was 0.973 (95% CI=0.950-0.995), as
shown in Figure 3. The calibration curve slopes for both
groups were close to 1. The Hosmer-Lemeshow (H-L) test
for the modeling group was x> =7.324 (P=0.722), and for
the validation group, it was y>=7.043 (P=0.711), in-
dicating that the model has good predictive ability, as
shown in Figure 4.

DCA curve for the nomogram model
The DCA curve shows that the clinical value of the
nomogram model for predicting DVT in EOC patients is
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FIG. 3. ROC curves. (A) ROC curve of modeling group. (B) ROC curve of validation group. ROC, receiver operating characteristic.
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FIG. 4. Calibration curve. (A) Calibration curve modeling group. (B) Calibration curve of validation group. DVT, deep vein

thrombosis.

high when the probability ranges from 0.08 to 0.97, as
shown in Figure 5.

DISCUSSION

The etiology of ovarian cancer is complex and
multifactorial, involving genetic predisposition, hormonal
influences, and environmental factors that are thought to
contribute to the malignant transformation of ovarian
epithelial cells. The clinical treatment of this disease

mainly involves cytoreductive surgery followed by a
o
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FIG. 5. DCA curve for the nomogram. DCA, decision curve
analysis.

combination of therapies (typically chemotherapy) that
aim to suppress cancer cell proliferation and improve
patient prognosis.!! However, patients undergoing treat-
ment are prone to developing complications, including
deep vein thrombosis (DVT). Furthermore, once a
thrombus forms, it can also promote the proliferation
and spread of tumor cells, leading to poor prognosis in
malignant cancer patients.!2 Currently, the exact
pathophysiology of DVT in EOC patients is not well de-
fined, but it is generally believed to be related to factors
such as the pelvic location of the tumor, potential hor-
monal effects, and the systemic prothrombotic state in-
duced by the cancer. In addition, surgery and
chemotherapy can cause damage to vascular endothelium
and induce inflammation, thereby increasing the risk of
DVT.!3 The results of this study show that 116 of 429
patients developed DVT, with an incidence rate of
27.04%. In the modeling group, 81 of 300 patients devel-
oped DVT, with an incidence rate of 27.00%. The high
incidence rate highlights the importance of establishing a
risk prediction model for prevention in clinical practice.
This study used multivariate logistic regression
analysis to identify 8 independent risk factors (namely age,
BMI, hyperlipidemia, tumor stage, tumor grade, CA125,
PLT, and FIB) for postoperative DVT in EOC patients.
The reasons for these influencing factors are as follows: (1)
advanced age is a well-established risk factor for VTE.
Elderly individuals often exhibit age-related vascular
changes, including vascular stiffness and potential dys-
function of venous valves. As age increases, the body’s
vascular endothelial cells may produce more pro-coagu-
lant compounds, while the production of anti-coagulant
substances may decrease. In addition, reduced physical

6| © 2025 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The Menopause Society.
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activity in elderly patients leads to venous stasis. Coupled
with a higher prevalence of chronic comorbidities, the
body can remain in a hypercoagulable state, potentially
increasing blood viscosity. These factors directly or in-
directly increase the risk of DVT.I415 Strategies such as
encouraging early mobilization and appropriate throm-
boprophylaxis are particularly important in older EOC
patients. (2) Obesity is another risk factor for DVT. Obese
patients often experience reduced mobility and increased
intra-abdominal pressure, which slows down blood flow,
affecting venous circulation. In obese patients, the in-
hibitor of plasminogen activator 1 (PAI-1) increases,
which inhibits the activation of tissue plasminogen, thus
reducing fibrinolysis. As a result, plasminogen is not
converted to plasmin, ultimately increasing the risk of
DVT.16.17 (3) In patients with hyperlipidemia, disordered
lipid metabolism can increase blood viscosity and platelet
aggregation, promote endothelial dysfunction, and ulti-
mately leading to DVT.18 For patients with high blood
lipids, it is recommended to adjust their diet by increasing
soluble fiber intake and balancing energy consumption
and intake. Proper exercise should also be conducted to
burn off excess fat. (4 and 5) The presence of malignant
tumors slows blood flow in the pelvic region, causing
blood stagnation and a higher risk of thrombosis, partic-
ularly in patients with advanced tumor stages and grades.
The tumor may invade venous vessels, damage the vas-
cular endothelium, and accelerate the spread of cancer
cells, which disrupts venous blood flow and can also in-
volve other organs in the pelvic region. When lymph node
metastasis occurs, it may compress blood vessels, altering
pelvic hemodynamics and increasing the risk of DVT.19.20
(6) Elevated CA125 levels, often correlated with tumor
burden and inflammation in EOC, were associated with
increased DVT risk, potentially reflecting a more ad-
vanced or inflammatory disease state conducive to
thrombosis.2! (7) Elevated platelet (PLT) counts (throm-
bocytosis), frequently observed in cancer patients, con-
tribute to hypercoagulability. Treatment for ovarian
cancer can damage blood vessel walls and surrounding
tissues, activating the thrombotic mechanism and accel-
erating clot formation, thus increasing the risk of DVT.22
(8) Fibrinogen (FIB) plays a key role in hemostasis and
coagulation. Elevated FIB levels (often seen as an acute-
phase reactant in cancer) indicate a hypercoagulable state
in the body, which increases blood viscosity and slows
blood flow, thereby increasing the risk of DVT.23 There-
fore, in clinical practice, the aforementioned factors
should be carefully monitored, and corresponding treat-
ments can be applied to reduce the incidence of DVT.
We developed a nomogram incorporating these
eight factors to provide an individualized DVT risk pre-
diction. The model demonstrated excellent discrimination,
with AUCs for the modeling group and validation group
of 0.893 and 0.973, respectively. Good calibration was
confirmed by calibration plots and the Hosmer-Lemeshow
(H-L) tests (P> 0.05 for both groups), indicating strong
predictive accuracy. The DCA curve shows that the clin-
ical value of the nomogram for assessing DVT risk in

EOC patients is high when the probability is between 0.08
and 0.93. This model can assist clinicians in the prevention
and early identification of high-risk groups with poor
prognosis, reducing the risk of DVT.

This study, being a retrospective analysis, has some
limitations. Potential selection bias may exist due to the
exclusion of patients with incomplete clinical data, which
might affect the actual DVT incidence and the general-
izability of the findings. Furthermore, this study is a sin-
gle-center study conducted in China, which limits
generalizability to other populations and health care set-
tings. The sample size, while sufficient for model devel-
opment, may not fully represent the entire EOC
population. Future studies should involve larger, multi-
center prospective research to externally validate the
nomogram and assess its clinical impact.

CONCLUSION
In summary, age, BMI, hyperlipidemia, tumor stage,
tumor grade, CA125, PLT, and FIB are significant in-
dependent risk factors for postoperative DVT in EOC
patients. The nomogram based on these factors provides a
reliable prediction of DVT risk.
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