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Abstract
Objective: To identify predictive factors and develop a nomogram to predict the probability of venous thromboembolism for
epithelial ovarian cancer patients. Methods: Our study cohort was composed of 208 EOC patients who had received initial
treatment in Sun Yat-sen Memorial Hospital from January 2016 to March 2020. Clinicopathological variables predictive of
VTE were identified using univariate logistic analysis. A multivariate logistic regression model was used to select the predictive
factors used for nomogram. The accuracy of nomogram was evaluated by the Concordance index (C-index), the area under the
receiver–operator characteristic (ROC) curve, area under concentration-time curve (AUC) and the calibration curve. Results:
Advancing age (hazard ratio [HR], 1.042; 95% confidence interval [CI], 1.000-1.085; P= .048), higher D-dimer level (HR, 1.144;
95%CI, 1.020-1.283; P= .022), lower PR immunohistochemical positive rate (HR, 0.186; 95%CI, 0.034-1.065; P= .059) and higher
Ki67 immunohistochemical positive rate (HR, 4.502; 95%CI, 1.637-12.380; P= .004) were found to be independent risk factors
for VTE, and were used to construct the nomogram. The C-index for VTE prediction of the nomogram was 0.75. Conclusions:
We constructed and validated a nomogram able to quantify the risk of VTE for EOC patients, which can be applied in recognizing
EOC patients with high risk of VTE.
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Introduction
Venous thromboembolism (VTE), which mainly consists of
deep venous thrombosis (DVT) and pulmonary embolism
(PE), is a common comorbidity among patients with gynecolog-
ical malignancies. Multiple studies have shown that cancer
patients who develop VTE have higher mortality and lower
quality of life.1-3 Patients with ovarian cancer are particularly
prone to thrombosis due to activation of the in vivo coagulation
system, previous studies reported that up to 20% of women with
ovarian cancer suffer from VTE.4-6

The ninth American College of Chest Physicians evidence-
based clinical practice guidelines recommended a routine
assessment to identify patients at high risk of VTE.7 Two clas-
sical risk assessment models including the Caprini and Rogers
scores are currently available. However, as most gynecological

cancer patients are in the high-risk group, the value of these
scoring systems in ovarian cancer patients is limited.8,9

Therefore, it is necessary to establish an accurate VTE risk
assessment tool for ovarian cancer patients.
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Nomogram is a predictive model, which can simplify the
statistical predictive model into a simple graphical representa-
tion that generates a numerical probability of a clinical
event.10 Nomogram is tailored to the profile of an individual
patient, which helps to provide personalized treatment for
patients. To date, there have been no studies using nomogram
as a predictive model of VTE for epithelial ovarian cancer
(EOC) patients. This study aims to develop a nomogram to
predict the probability of VTE for women with EOC.

Patients and Methods

Patient Selection
We conducted a retrospective analysis of patients with EOC
who had received initial treatment in Sun Yat-sen Memorial
Hospital from January 2016 to March 2020. The inclusion cri-
teria were as follows: (a) histologic diagnosis confirmed EOC;
(b) patients receiving initial treatment in our hospital. Patients
who meet any of the following criteria will be excluded from
the study: (a) age younger than 18 years; (b) non-EOC diagno-
sis according to pathological examination; (c) secondary
ovarian cancer or associated with other primary tumors; (d) sur-
vival time less than six months; (e) had missing clinical data.

Data Collection
For each patient, the following parameters were abstracted: (a)
patient clinical demographics including age at cancer diagnosis,
gravidity, body mass index (BMI), menopausal status, the
number of comorbid conditions coexisting in the patient, hospi-
tal day and treatment strategy; (b) laboratory test results
obtained at the time of initial cancer diagnosis including
D-dimer, international normalized ratio (INR), prothrombin
time (PT), activated partial thromboplastin time (APTT),
serum albumin, hyperlipemia, platelet count, cancer antigen
125 (CA-125), carbohydrate antigen 199 (CA-199), carcinoem-
bryonic antigen (CEA) and Human epididymis protein 4 (HE4);
(c) tumor size obtained from preoperative imaging findings
(computed tomography, magnetic resonance imaging, or
sonography); (d) pathology information including histologic
subtype, Federation International of Gynecology and Obstetrics
(FIGO) stage and immunohistochemical (IHC); (e) detailed infor-
mation for symptomatic VTE including the type of VTE and inter-
val between the initial diagnosis and VTE.

Definitions
Comorbid conditions including hypertension, coronary artery
disease or vascular disease, cardiac conduction disorder or
atrial fibrillation, prior stroke or transient ischemic attack, sys-
temic autoimmune disease and diabetes mellitus. A separate
variable was created according to the number of comorbid con-
ditions coexisting in a patient. Hyperlipidemia is defined as an
increase in plasma levels of cholesterol and (or) triglycerides.
The method used at our medical center to determine D-dimer

is turbidimetric inhibition immuno assay, and the reference
range for normal values is 0-0.55 mg/L FEU.

Follow Up
All patients without thrombosis were followed up for at least 6
months from the time of initial diagnosis of ovarian cancer to
the last chemotherapy treatment. Symptomatic and documented
VTE is the endpoint. We did not do routine VTE screening for
patients, color Echo-Doppler, computerized tomography, mag-
netic resonance imaging and angiography were only used in sus-
picious patients with symptoms to discover symptomatic VTE.
The follow-up duration was measured from the date of initial
diagnosis to the date of discovery of VTE, death or last follow-up.

Statistical Analysis
Variables that showed statistically significant in the univariate
logistic regression were subsequently included in the multivar-
iate logistic regression model to identify significant factors
through backward: logisticregression (LR) selection. All
reported P values are two-sided, and factors with P values
less than 0.05 were considered significant.

After identifying significant factors related to the occurrence of
VTE through multivariate analyses using SPSS software (version
25.0), a nomogram for predicting the VTE probability was con-
structed using the R software (version 4.0.0). The accuracy of
nomogram was evaluated by the Concordance index (C-index),
the area under the receiver–operator characteristic (ROC) curve
(AUC) and calibration curve which was analyzed by plotting pre-
dicted nomogram and the actual VTE rate of patients.

Results

Patient Characteristics
According to the criteria above, 208 EOC patients who received
primary debulking surgery in Sun Yat-sen Memorial Hospital
from January 2016 to March 2020 were included in this
study. The patient clinicopathologic characteristics are shown
in Table 1. 119 (67.2%) of the non-VTE patients and 21
(67.7%) VTE patients in this study had blood lipid examination
at the time of initial diagnosis of ovarian cancer, among which
15 (8.5%) non-VTE patients and 5 (16.1%) VTE patients was
discovered with hyperlipidemia. None of the patients in this
study had a smoking habit, so the relationship between smoking
and VTE was not known in the study. The median follow-up
time for the entire cohort was 746 (2-1680) days, and VTE was
found in 31 patients (14.9%), including 30 cases of DVT of
lower extremity and 1 case of thrombosis in jugular vein catheter-
ization. The median time to VTE was 158 days.

Development and Validation of the Nomogram Model
Univariate logistic analyses (Table 2) revealed that age
(P= .010), postmenopause (P= .015), comorbid conditions

2 Clinical and Applied Thrombosis/Hemostasis



(P= .035), D-dimer level (P= .007), PR (progesterone recep-
tor) IHC positive rate (P= .019) and Ki67 IHC positive rate
(P= .014) were predictive factors for VTE. In multivariate
logistic analysis, four variables were regarded as independent
predictors for VTE, including advancing age (hazard ratio
[HR], 1.042; 95% confidence interval [CI], 1.000-1.085; P=
.048), higher D-dimer level (HR, 1.144; 95%CI, 1.020-1.283;
P= .022), lower IHC positive rate (HR, 0.186; 95%CI,
0.034-1.065; P= .059) and higher Ki67 IHC positive rate
(HR, 4.502; 95%CI, 1.637-12.380; P= .004).

The prognostic nomogram that in combination of all indepen-
dent predictive factors is shown in Figure 1. The c-index for this
VTE predicted nomogram was 0.75 (95%CI, 0.6659-0.834) and
the ROC curve of the nomogram was shown in Figure 2.
Establish acalibration curve, which showed both actual probability
of VTE and the predicted probability of VTE (Figure 3). The 45°
gray line represents an ideal prediction, and the dotted curve rep-
resents the predictive performance of the nomogram. The two lines
overlap closely, indicating that the nomogram accurately estimated
the probability of VTE in this patient cohort.

Table 1. Clinicopathologic Characteristics of Patients with Epithelial Ovarian Cancer.

Variable Overall cohort (n= 208) VTEcohort (n= 31)

Age [years; median (range)] 52.6 (23-83) 57.3 (34-83)
Postmenopause [cases (%)]

No 90 (43.3%) 7 (22.6%)
Yes 118 (56.7%) 24 (77.4%)

BMI [kg/m2; median (IQR)] 22.5 (20.5-24.1) 22.2 (19.9-25.6)
Gravidity [times; median (range)] 3 (0-10) 3 (1-6)
Comorbid conditions [cases (%)]

0 152 (73.1%) 19 (61.3%)
1 44 (21.2%) 7 (22.6%)
2 9 (4.3%) 3 (9.7%)
3 3 (1.4%) 2 (6.5%)

Hospital day [days; median (range)] 37 (8-116) 41 (11-98)
Primary debulking surgery [cases (%)]

Yes 156 (75%) 22 (71%)
No 52 (25%) 9 (29%)

D-dimer [mg/L FEU; median (IQR)] 3.1 (1.0-3.9) 4.5 (1.9-6.2)
International normalized ratio [INR; median (IQR)] 1.06 (0.98-1.09) 1.09 (1.01-1.09)
PT [s; median (IQR)] 12.1 (11.3-12.6) 12.1 (11.7-12.6)
APTT [s; median (IQR)] 25.8 (23.0-28.0) 25.3 (22.6-28.1)
Albumin [g/L; median (IQR)] 37.6 (34.2-41.9) 38.0 (34.5-43.0)
Platelet count [×109/L; median (IQR)] 335.1 (256.0-395.8) 320.1 (214.0-380.0)
CA125 [U/mL; median (IQR)] 1342.7 (151.0-1329.8) 1525.5 (239.0-1669.0)
CA199 [U/mL; median (IQR)] 622.7 (6.1-40.2) 3876.6 (8.4-86.5)
CEA [ng/mL; median (IQR)] 64 (0.9-2.9) 402.7 (1.4-4.8)
HE4 [pmol/L; median (IQR)] 627.8 (152.0-704.5) 793.3 (196.6-835.6)
Tumor size [mm; median (IQR)] 101.2 (65.0-124.5) 113.9 (66.0-150.0)
Histology [cases (%)]

Serous 144 (69.2%) 21 (67.7%)
Mucinous 14 (6.7%) 1 (3.2%)
Endometroid 19 (9.1%) 5 (16.1%)
Clear cell 26 (12.5%) 4 (12.9%)
Others 5 (2.4%) 0

FIGO stage [cases (%)]
I 43 (20.7%) 7 (22.6%)
II 17 (8.2%) 1 (3.2%)
III 112 (53.8%) 15 (48.4%)
IV 36 (17.3%) 8 (25.8%)

ER immunohistochemical positive rate [%; median (IQR)] 66% (46%-1) 59% (30%-90%)
PR immunohistochemical positive rate [%; median (IQR)] 27% (0%-50%) 15% (0%-25%)
P53 immunohistochemical positive rate [%; median (IQR)] 68% (43%-95%) 64% (3%-96%)
Ki67 immunohistochemical positive rate [%; median (IQR)] 51% (30%-70%) 61% (50%-70%)
Prophylactic anticoagulation [cases (%)] 142 (68.3%) 18 (58.1%)
VTE [cases (%)]

No 177 (85.1%) -
Yes 31 (14.9%) -

Follow-up [days; median (range)] 746 (2-1680) 157 (1-1200)
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Discussion
Patients with malignant tumor were reported to have a 7-fold
increased risk of VTE.11 The prognosis of cancer patients
who develop VTE is very poor. In addition to metastasis,
thromboembolism events are the main cause of death in
cancer patients.12 EOC patients are particularly prone to VTE,
due to activation of the in vivo coagulation system, and the
occurrence of VTE has adverse effects on the survival of
patients with ovarian cancer. A 2019 study pointed out that
the 1-year cumulative incidence of VTE in EOC patients was
20.8% with a low incidence of 3.8% at the time of diagnosis,13

which means most VTE in ovarian cancer can be prevented.
Therefore, if patients diagnosed with EOC who are at high
risk for VTE can be treated with preventive anticoagulant
therapy to reduce the incidence of thrombosis, the survival of

patients with ovarian cancer may be significantly improved.
Several clinical prediction models for VTE in the oncological
patients exist,14,15 but there is no accurate model specially for
ovarian cancer patients. Therefore, an accurate VTE risk predic-
tion model suitable for ovarian cancer patients is urgently
needed.

In this study, we developed a nomogram model, based on
clinicopathological characteristics of our study cohort com-
posed of 208 EOC patients, to predict the possibility of VTE.
The nomogram accurately predicted the VTE probability with
a c-index of 0.75. The AUC for the prediction of VTE was
0.75, which also suggested that the nomogram achieved a
good predictive efficacy. This study showed that our nomogram
might be effective and practical for clinicians and would allow
to better estimate the probability of VTE in EOC patients.

Table 2. Logistic Regression Analyses of Venous Thromboembolism.

Variable

Univariate analysis Multivariate analysis

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

Age 1.052 (1.012-1.093) 0.010 1.042 (1.000-1.085) 0.048
Postmenopause 3.027 (1.240-7.388) 0.015 0.619
BMI 0.660
Gravidity 0.593
Comorbid conditions

0 0.077 0.282
1 1.324 (0.517-3.390) 0.558 0.417
2 3.500 (0.807-15.18) 0.094 0.102
3 14.00 (1.210-161.9) 0.035 0.356

Hospital day 0.135
Primary debulking surgery 0.575
D-dimer 1.152 (1.039-1.279) 0.007 1.144 (1.020-1.283) 0.022
INR 0.249
PT 0.978
APTT 0.578
Albumin 0.682
Platelet count 0.462
CA125 0.630
CA199 0.139
CEA 0.153
HE4 0.249
Tumor size 0.144
Histology

Serous 0.658
Mucinous 0.454
Endometroid 0.197
Clear cell 0.915
Others 0.999

FIGO stage
I 0.438
II 0.307
III 0.645
IV 0.504

ER immunohistochemical positive rate 0.217
PR immunohistochemical positive rate 0.135 (0.026-0.715) 0.019 0.189 (0.034-1.065) 0.059
P53 immunohistochemical positive rate 0.545
Ki67 immunohistochemical positive rate 8.997 (1.564-51.74) 0.014 11.48 (1.676-75.66) 0.013
Prophylactic anticoagulation 0.189
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We conducted multivariate logistic regression analysis in
SPSS software (version 25.0), identify significant factors
through backward: LR selection and defined factors whit P
values less than 0.05 as significant. In the process of analysis,
we found that the P value of PR IHC positive rate was 0.059
but it was still included in the final model. PR IHC positive
rate was excluded from the model when we used forward:
LR selection method, but the AUC changed to 0.732, so we
keep this factor in the model.

Our study showed that advancing age, higher D-dimer level,
lower PR IHC positive rate and higher Ki67 IHC positive rate
were risk factors for VTE. Many studies came to the conclusion
that D-dimer level is a predictor for VTE, and some studies have
attempted to establish a cut-off value to differentiate patients
with a high risk of VTE. Kawaguchi R, et al came to the conclu-
sion that the suitable cut-off value of D-dimer for detecting VTE
in EOC patients appears to be 1.5 µg/mL, with a 61.1% specif-
icity and 100% sensitivity.16 Ebina Y, et al reported a suitable
D-dimer cut-off value of 10.9 mg/mL, with 92.9% specificity
and 52.0% sensitivity.17 Meanwhile, a 2017 study came to the
conclusion that different D-dimer cut-off values should be set
for different age groups.18 A recognized and accurate cut-off
value of D-dimer is not available at present. In this study,
D-dimer was also considered as an independent predictor of
VTE, and D-dimer in this nomogram is a continuous variable,
which may be more conducive to the individualized estimation
of the incidence of VTE in patients than setting a cut-off value.

Immunohistochemistry (IHC) is increasingly used in the diag-
nosis and treatment of tumors, and ER (estrogen receptor), PR,
Ki67 and P53 are commonly used IHC markers in ovarian

cancer. The tumor expression of ER is highly expressed in many
epithelial ovarian cancers and may be a potential target for endo-
crine therapy.19 The PRwas shown tobe associatedwith improved
overall survival in patients with ovarian cancer.20,22 Ki67 is a well-
known proliferation marker that is highly expressed in malignant
cells but almost undetectable in normal cells.23 The presence of
p53 immunoreactivity is correspond to the expression of missense
mutation of the P53 gene, whichmay be one of the causes of tumor
formation.24Many ovarian cancer patients have abnormal levels of
hemostatic serummarkers, leading to an activation of the coagula-
tion system, which makes patients more prone to VTE and pro-
motes tumor progression.25 Schüler-Toprak S, et, al. performed
IHC analyses of 171 ovarian cancer patients and found that the
expression of PR and Ki-67 was significantly correlated with the
progression-free survival.26 In this study,we innovatively incorpo-
rated the results of immunohistochemistry into the thrombosis risk
prediction, andfinally PR andKi67were included in the prediction
model as risk factors of VTE, among which the presence of PR
immunoreactivity was a protective factor of VTE and the presence
ofKi67 immunoreactivitywas a risk factor ofVTE. Further studies
areneeded todetermine theassociationbetweenPR,Ki67andVTE
and tumor progression.

The aggressive subtype clear cell carcinoma (CCC)was proven
to be a risk factor in many studies,3,4 while in this study histology
didnot showsignificance.We thought themain reasonof this result
was that the study population of our study is relatively small. CCC
is a rare pathologic type, only 26 patients in this study was diag-
nosed with ovarian CCC, this may have prevented the effect of
CCC on VTE from showing up in this patient cohort. Some
studies considered advanced stage as a predictor of VTE,3,27,28

Figure 1. Nomogram for predicting venous thromboembolism probability in patients with epithelial ovarian cancer.
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while stagewas not included in the finalmodel in this study, which
is consistent with a 2019 study.13 This may be due to the relatively
small sample size of our study and the fact that 37.2% of stage I
patients in this study were of clear cell type. These two factors
may have a mixed effect on the result.

Since only 140 (67.3%) of the patients in this study had
blood lipid examination at the time of initial diagnosis of
ovarian cancer, so hyperlipidemia was not included in the
model and was analyzed using Chi-square test. The result
showed that χ2= 1.83 and P= .176, hyperlipidemia was not a
significance predictor for VTE.

In this study, 142 (68.3%)patients receivedprophylactic antico-
agulant therapy after surgery. Contrary to our expectation, prophy-
lactic anticoagulation was not an independent predictor of VTE in
this study. One possible explanation is that according to the
American College of Chest Physicians (ACCP)-9 guidelines,7 the
duration of prophylactic anticoagulant therapy for high-VTE-risk
patients undergoing abdominal or pelvic surgery for malig-
nant tumors should be four weeks, while the duration of pro-
phylactic anticoagulant therapy for patients in our study
ranges from 3 to 10 days, insufficient treatment time may
cause inaccurate results.

Figure 2. ROC curves of the nomogram.
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This study still has several limitations due to its retrospective
natureandsmall sample size.Besides, as this studyhasa single-center
cohort, selection bias was inevitable which may influence the result.
Finally, though AUC and calibration curve showed that the nomo-
gramhas a high accuracy, it still needs external validation to evaluate
its prediction ability. Amulticenter validationwith larger sample size
is needed to obtain high level clinical application evidence.

Conclusion
We recommend a routine assessment to identify EOC patients
who are at high risk of VTE, using preventive anticoagulant
therapy to improve the overall survival and quality of life of

EOC patients. This study developed a predictive nomogram
for VTE probability in EOC patients. Highly consistent calibra-
tion curve, high C-index and AUC indicate good discrimination
and differentiation of the nomogram.
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