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Purpose: Ovarian cancer (OC) is a prevalent gynecological malignancy, often diagnosed at an advanced stage with extra-pelvic
metastases. The accurate identification of advanced OC is essential for guiding appropriate treatment plans and influencing outcomes.
The purpose of this research was to establish a preoperative nomogram integrating clinical and ultrasonic features to predict extra-
pelvic metastasis, which may facilitate precise diagnosis and personalized treatment for OC patients.

Patients and Methods: This retrospective study included 347 women with OC from three medical centers who had clear pathology
and ultrasonic examination before surgery from March 2016 to July 2025. They were divided into two groups according to whether
extra-pelvic metastasis occurred: group A without extra-pelvic metastasis (n=164) and group B with extra-pelvic metastasis (n=183).
The total patient population was randomly split between a training set (70%) and a validation set (30%). Predictors were selected using
LASSO, followed by univariate and multivariate logistic regression analyses. A predictive nomogram was established to predict the
risk of extra-pelvic metastasis of OC.

Results: Four independent risk factors ascites (OR 7.07, 95% CI 3.54-14.11, p<0.001), maximum tumor diameter (OR 1.08, 95% CI
1.01-1.15, p=0.029), ill-defined boundary (OR 4.20, 95% CI 2.18-8.12, p<0.001), and blood flow score level 4 (OR 4.69, 95% CI
1.70-12.97, p=0.003) were screened using LASSO and logistic regression, and a nomogram was established. The model demonstrated
high discriminatory power, with an AUC of 0.860 (95% CI: 0.812-0.908) in the training set and 0.865 (95% CI: 0.798-0.932) in the
validation set. The calibration curve and decision curve analysis curve show great performance.

Conclusion: The developed nomogram, incorporating readily available clinical and ultrasonic features, provides a valuable tool for
individualized prediction of extrapelvic metastasis in OC patients. It serves as a practical tool for preoperative risk stratification to
guide clinical decision-making.
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Introduction
Ovarian cancer (OC) is the ninth most prevalent cancer among women globally, representing roughly 3.4% of all cancer
diagnoses and contributing to 4.8% of cancer-related deaths."> Approximately 324,398 women worldwide receive
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a diagnosis of OC each year, with 206,839 succumbing to the disease.” The global incidence and fatalities of OC are
projected to escalate by 47% and 58%, respectively, by 2045, according to the report of the World Health Organization.*
Furthermore, at the time of initial diagnosis, as many as 70% of OC cases present with advanced-stage disease and
distant metastasis.” A substantial number of OC patients persist in encountering disease relapse and demonstrate
resistance to chemotherapy, leading to a mere 49% global 5-year survival rate.”” Among these instances, high-grade
serous ovarian cancer (HGSOC) emerges as the most frequently diagnosed histological subtype.® In advanced HGSOC
cases, a striking 80% of patients already exhibit metastasis.” Importantly, the occurrence of extra-pelvic metastases in
particular anatomical sites, such as the liver, lungs, and brain, serves as a predictor of unfavorable clinical outcomes.'*!!

The prognosis of OC patients is greatly influenced by their initial course of treatment. OC patients with fertility needs
in the International Federation of Gynecology and Obstetrics (FIGO) stage I can undergo fertility-sparing surgery.'?
Furthermore, an optimal clinical approach involves resecting the tumor and maximizing the reduction of tumor cells at
metastatic sites, complemented by chemotherapy or radiation therapy for OC patients.” However, surgical intervention
often becomes challenging or ineffective when patients are accompanied by extra-pelvic metastases. As a result,
chemotherapy and targeted medication therapy have emerged as the primary treatment modalities.'? It is worth noting
that patients diagnosed with stage III-IV OC who have extra-pelvic metastasis show a much worse prognosis than those
with stage I or II disease without extra-pelvic spread.'* Therefore, for all kinds of OC patients, it is crucial to accurately
assess their metastases and determine their stage prior to surgery.

Ultrasound (US) is currently the most popular imaging technique used for OC screening and diagnostic assessment. '
Compared with computed tomography (CT) and magnetic resonance imaging (MRI), US offers the benefits of low costs,
high repeatability, and no radiation risk. However, the US poses challenges in identifying the characteristic signs of FIGO
stage III and IV disease, such as small extra-pelvic peritoneal implants, metastases to retroperitoneal lymph nodes, and
small metastatic deposits on the hepatic or splenic surface. Research indicates that thirty percent of patients who received
an initial diagnosis of early-stage OC via imaging are ultimately found to have occult metastatic lesions upon
pathological examination of retroperitoneal lymph nodes and omental tissue.' Currently, guidelines from the American
College of Radiology for the Ovarian Adnexal Reporting and Data System have gained widespread adoption in clinical
practice for risk stratification of ovarian tumors.'® Nevertheless, the system is limited to assessing the malignancy of the
ovarian tumors. Currently, there are no definitive clinical or ultrasonic indicators that can indicate or reliably predict the
presence of extra-pelvic metastasis of OC. The aim of this study was to delineate the clinical and ultrasonic profiles of
OC patients and to elucidate risk factors associated with advanced disease manifesting extra-pelvic metastasis. This can
prompt ultrasound physicians and clinicians to conduct more comprehensive examinations, so as to more accurately
determine the FIGO stage of patients, which is conducive to individualized treatment and ultimately improves their

co 1
prognosis.'”’

Materials and Methods

Study Design

Patients with pathologically confirmed OC who had undergone surgery and US were recruited in this study across three
hospitals (The Second Affiliated Hospital of Fujian Medical University, Quanzhou First Hospital, and Chengdu Third
People’s Hospital) from March 2016 to July 2025. Preoperative US images and relevant clinical information were
obtained in the diagnostic system. Exclusionary criteria included: (1) patients with unclear pathology; (2) cases lacking
complete imaging or clinical information; (3) cases with unclear ultrasonic images. Finally, 347 cases were enrolled in
our study. They were dichotomized by the status of extra-pelvic metastasis: group A without extra-pelvic metastasis
(n=164) and group B with extra-pelvic metastasis (n=183). The ultrasonic parameters were measured. Age, pausimenia,
preoperative CA125, and ascites were recorded through the clinical system. Clinical gynecologic oncologists with 20
years of clinical experience determine whether extra-pelvic metastasis has occurred and the final FIGO staging based on

medical history, intraoperative conditions, and various auxiliary examinations.
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Parameters of Ultrasound

All patients underwent standardized ultrasonography. Ultrasonic testing equipment includes GE-Voluson E10 (GE
Medical Systems, Zipf, Austria), GE-Voluson E8 (GE Medical Systems, Zipf, Austria), Mindray Resona 19 (Mindray,
Shenzhen, China), Philips TU22 (Philips, Bothell, WA, USA), Philips CX-50 (Philips, Bothell, WA, USA), and Philips
A70 (Philips, Bothell, WA, USA). The frequency of the abdominal probe is 3.5 to 6.5 MHZ, and the frequency of the
transvaginal probe is 3 to 10 MHZ. All US image features were evaluated by two US experts with over 10 years of
diagnostic experience. According to the ultrasonic images, bilateral (Yes/No), multifocal (Yes/No), maximum tumor
diameter, the maximum diameter of the largest solid components, the proportion of solid components, ill-defined
boundary (Yes/No), Irregular shape (Yes/No), calcification (Yes/No), and separation (Yes/No) were recorded.
Moreover, the number of nipples (recorded as “4” when there are more than 3), enhanced echo behind the tumors
(Yes/No), acoustic shadow (Yes/No), blood flow score (1= no blood flow; 2= small blood flow; 3= moderate blood flow;
4= very strong blood flow),'® peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistance index (RI) were
recorded too.

Statistical Analysis

This study employed R (version 4.2.2) for statistical analysis. Continuous variables were described as mean +
standard deviation if normally distributed, or as median (interquartile range) otherwise. Categorical variables are
presented as frequencies (n). Intergroup comparisons for these variables were performed using the Chi-square test
or Fisher’s exact test. Multivariate analysis utilizing LASSO logistic regression was applied to the training set to
select independent risk factors and to build a nomogram predicting pelvic metastasis. The assessment of model
performance was carried out utilizing receiver operating characteristic (ROC) and calibration curves. Furthermore,
a decision curve analysis (DCA) was undertaken to establish the clinical utility and net benefit of the predictive
model. A two-sided p-value < 0.05 was considered statistically significant.

Results

Baseline Characteristics

This study initially identified 383 patients with OC. Following the exclusion of 9 cases with unclear pathology, 19 with
incomplete imaging or clinical data, and 8 with poor-quality ultrasonic images, a final cohort of 347 patients was
included for analysis. And they were divided into two groups according to whether extra-pelvic metastasis occurred:
group A without extra-pelvic metastasis (n=164) and group B with extra-pelvic metastasis (n=183) (Figure 1). The total
patient population was randomly split between a training set (70%) and a validation set (30%).

The baseline feature table presents information on various characteristics in the training cohort and the test cohort
(Table 1). The median age was comparable between the two cohorts, with values of 53.0 (IQR 45.0-61.0) years in the
training set and 52.0 (IQR 45.0-62.5) years in the internal test set. There were no significant differences in age, FIGO,
pausimenia, ascites, CA125, bilateral, multifocal, maximum tumor diameter, maximal diameter of the largest solid part,
proportion of solid components, ill-defined boundary, irregular shape, calcification, separation, number of papillations,
enhanced echo behind the tumors, acoustic shadow, Blood flow score, PSV, EDV and RI between training set and internal test
set (P =10.909, 0.616, 0.626, 0.642, 0.812, 0.406, 0.620, 0.823, 0.744, 0.470, 0.681, 0.566,0.319, 0.733, 0.750, 0.217, 0.499,
0.669, 0.385, 0.151, 0.640, respectively). Overall, these results indicate that the baseline characteristics were homogeneous
between the training and internal test sets, supporting the validity of the set split for subsequent predictive modeling.

Screening of Indicators for Extra-Pelvic Metastasis

The patient cohort was randomly partitioned into training and validation sets at a ratio of 7:3. Four independent risk
factors, ascites, maximum tumor diameter, ill-defined boundary, and blood flow score (P<0.05), were screened using
LASSO in the training set. A coefficient profile is plotted in Figure 2A. The respective plot of the cross-validated errors
from the LASSO regression is depicted in Figure 2B. The most penalized and simplest model, which had a cross-
validated error within one standard error of the best, comprised 4 variables. The coefficients of the Lasso regression
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Patients with OC
from March 2016
to July 2025 (n=383)

Excluded (n=36)

=Patients with unclear pathology (n=9)

=Patients with incomplete images or clinical
data (n=19)
=Patients with poor ultrasonic images (n=8)

347 OC patients were
included eventually

y

)

Group A: patients
without extra-pelvic
metastasis (n=164)

Group B: patients
with extra-pelvic
metastasis (n=183)

v

Divided patients
at a ratio of 7:3

Training set
(n=243)

Figure | Flowchart of patient screening in this study.

Abbreviation: OC, ovarian cancer.

Validation set
(n=104)

analysis are shown in Table S1. The corresponding risk factors were subjected to univariate and multivariate analysis, the

results of which are summarized in Table 2.

ROC Curve Analysis of Individual Predictors

ROC curves demonstrated robust predictive performance of the model across both the training and validation sets for
pelvic metastasis. The result of the ROC curve showed that the area under the curve (AUC) for ascites was 0.733 (95%
CI: 0.677 ~ 0.788), for maximum tumor diameter was 0.626 (95% CI: 0.555-0.697), for ill-defined boundary was 0.698
(95% CI: 0.640-0.756), and for blood flow score level 4 was 0.687 (95% CI: 0.623-0.751) (Figure 3 and Table 3).

Table | Clinical and Ultrasonic Characteristics of Patients

Characteristics Training Cohort Validation Cohort P
N =243 N =104
Age (year) 53 (45, 61) 52 (45, 63) 0.909
FIGO 0.616
| 74 (30.45%) 34 (32.69%)
1l 37 (15.23%) 19 (18.27%)
1] 86 (35.39%) 37 (35.58%)
v 46 (18.93%) 14 (13.46%)
Pausimenia 0.626
No 96 (39.51%) 44 (42.31%)
Yes 147 (60.49%) 60 (57.69%)
(Continued)
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Table | (Continued).

Characteristics Training Cohort Validation Cohort P
N =243 N =104
Ascites 0.642
No 94 (38.68%) 43 (41.35%)
Yes 149 (61.32%) 61 (58.65%)
CAI125 (U/mL) 97.97 (32.48, 251.00) | 97.96 (36.80, 252.83) | 0.812
Bilateral 0.406
No 179 (73.66%) 81 (77.88%)
Yes 64 (26.34%) 23 (22.12%)
Multifocal 0.620
No 176 (72.43%) 78 (75.00%)
Yes 67 (27.57%) 26 (25.00%)
Maximum tumor diameter (cm) 10.60 (7.90, 14.90) 11.00 (7.50, 14.80) | 0.823
Maximal diameter of the largest solid part (cm) 6.50 (4.40, 9.50) 6.45 (4.30, 8.95) 0.744
Proportion of solid components 0.69 (0.47, 1.00) 0.68 (0.40, 1.00) 0.470
lll-defined boundary 0.681
No 125 (51.44%) 56 (53.85%)
Yes 118 (48.56%) 48 (46.15%)
Irregular shape 0.566
No 11 (45.68%) 51 (49.04%)
Yes 132 (54.32%) 53 (50.96%)
Calcification 0.319
No 213 (87.65%) 95 (91.35%)
Yes 30 (12.35%) 9 (8.65%)
Separation 0.733
No 117 (48.15%) 48 (46.15%)
Yes 126 (51.85%) 56 (53.85%)
Number of papillations 0.750
0 148 (60.91%) 58 (55.77%)
| 16 (6.58%) 9 (8.65%)
2 17 (7.00%) Il (10.58%)
3 19 (7.82%) 8 (7.69%)
4 43 (17.70%) 18 (17.31%)
Enhanced echo behind the tumors 0.217
No 197 (81.07%) 90 (86.54%)
Yes 46 (18.93%) 14 (13.46%)
Acoustic shadow 0.499
No 224 (92.18%) 98 (94.23%)
Yes 19 (7.82%) 6 (5.77%)
Blood flow score 0.669
| 37 (15.23%) 19 (18.27%)
2 63 (25.93%) 30 (28.85%)
3 65 (26.75%) 28 (26.92%)
4 78 (32.10%) 27 (25.96%)
PSV (cmls) 20.90 (13.20, 30.00) 19.25 (10.05, 30.20) | 0.385
EDV (cmls) 10.00 (6.20, 15.50) 8.85 (5.00, 13.20) 0.151
RI 0.47 (0.40, 0.54) 0.49 (0.40, 0.55) 0.640

Abbreviations: PSV, peak systolic velocity; EDV, end-diastolic velocity; Rl, resistance index.

Construction and Validation of a Predictive Nomogram
In the nomogram, each parameter predictive of extra-pelvic metastasis in OC patients is allocated a specific score. The
summative score of all indices contributes to estimating the probability of extra-pelvic metastasis (Figure 4). Figure 5
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Figure 2 LASSO regression and tenfold cross-validation were used to select the features. (A) Optimal feature selection of cross-validation. (B) LASSO coefficient profiles of
the features.
Abbreviation: LASSO, least absolute shrinkage and selection operator.

shows two examples of evaluation by the nomogram in OC patients. The model achieved AUC values of 0.860 and 0.865
in the training set and validation set, respectively (Figure 6). The calibration plots of the nomogram across the various
cohorts are presented in Figure 7, illustrating a strong correlation between the observed and predicted extra-pelvic
metastasis. The results indicate that the original nomogram remains valid for application in the validation sets, and the
calibration curve of this model closely approximates the ideal curve, suggesting that the predicted outcomes align well
with the actual observations. The classification accuracy across various risk thresholds in the training set is summarized
in Table 4. Furthermore, the model demonstrated good calibration, with its curve aligning closely to the ideal 45° line,
and its DCA curve yielding a positive net benefit across a range of thresholds, as depicted in Figure 8.

Discussion

In this study, we performed a comprehensive analysis of patients with OC at three distinct centers to develop a predictive
model utilizing clinical and US features. The model aims to forecast the occurrence of extra-pelvic metastasis in patients
with OC. Our analysis revealed four independent risk factors: ascites, maximum tumor diameter, ill-defined boundary,

Table 2 Results of Multivariate Logistic Regression of Risk Factors in the Training Set

Characteristic N Univariate Logistic Regression Multivariate Logistic Regression
Event N [ OR 95% CI P Event N | OR 95% CI P
Ascites

No 94 23 — — 23 — —

Yes 149 109 841 | 4.65, 15.23 | <0.001 109 7.07 | 3.54, 14.11 | <0.001
Maximum tumor diameter | 243 132 1.09 | 1.03, 1.15 | 0.002 132 1.08 | 101, 1.15 | 0.029
lll-defined Boundary

No 125 44 — — 44 — —

Yes 118 88 540 | 3.10,9.39 | <0.001 88 420 | 2.18,8.12 | <0.001
Blood flow score

| 37 18 — — 18 — —

2 63 23 0.61 | 0.27,1.38 0.235 23 0.65 | 0.24, 1.74 0.391

3 65 29 0.85 | 0.38, 1.91 0.694 29 1.13 | 042, 3.04 0.812

4 78 62 4.09 | 1.75,9.54 | o0.00l 62 4.69 | 1.70, 12.97 | 0.003

Note: Bold values indicate statistically significant results (p < 0.05).
Abbreviations: OR, Odds Ratio; Cl, Confidence Interval.
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Figure 3 ROC curves of selected predictors.
Abbreviation: AUC, area under the curve.

and blood flow score level 4, and established a nomogram based on the four factors. Both the training and validation sets
demonstrated high AUC values, and the calibration curves, as well as the DCA curves, demonstrate robust model
performance.

OC, a prevalent gynecologic malignancy, poses a serious threat to women’s health. 70% of patients with OC are
already at an advanced stage at initial diagnosis and are accompanied by extra-pelvic metastases, which results in a lower
5-year survival rate for OC.'® The typical modes of metastasis for OC encompass peritoneal dissemination, hematogen-
ous spread, lymphatic metastasis, and neural-associated metastasis. Among these, peritoneal and lymphatic metastases
are the most frequently observed.'® Clinically, different surgical methods are often adopted for OC patients according to
different FIGO stages. Gynecologists usually decide whether to use full-stage surgery or cytoreductive surgery (CRS)
combined with chemotherapy based on the status and location of the metastasis.'*?® Furthermore, studies have shown
that one of the most critical prognostic factors in OC patients undergoing cytoreductive surgery is whether all visible
tumors are removed during cytoreductive surgery (complete CRS).>' The tumor can be deemed to have achieved
satisfactory reduction if there is no residual tumor or the diameter of the residual tumor is less than lcm, resulting in
improved progression-free survival and overall survival for these patients compared to those with larger residual
tumors.”® Therefore, it is crucial to determine the presence and size of extra-pelvic metastasis before surgery.
Secondly, the feasibility of conducting a complete CRS hinges on both the degree of peritoneal involvement and the
engagement of vital structures outside the pelvis.*® Pre-surgical confirmation of the metastasis status and location can
potentially minimize the duration and trauma associated with surgical exploration. In conclusion, a precise diagnosis of

Table 3 AUC Values and 95% Confidence Intervals for Variables

Variable AUC Value | AUC 95% Confidence Interval
Ascites 0.733 (0.677-0.788)
Maximum tumor diameter | 0.626 (0.555-0.697)
lll-defined Boundary 0.698 (0.640-0.756)
Blood flow score 0.687 (0.623-0.751)

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval.
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Figure 4 Nomogram for predicting extra-pelvic metastasis in patients with OC.

Figure 5 The evaluation of the model in patients with OC. (A and B): a 47-year-old patient with OC. The tumor was located on the right ovary. It was 83mm, with a defined
boundary, irregular shape, visible solid component and separation, no blood flow signal (blood flow score grade ), and no ascites. According to the nomogram, the risk of extra-
pelvic metastasis in this patient was < 10%. The patient was eventually diagnosed with HGSOC, which was not accompanied by extra-pelvic metastasis; (C and D) a 49-year-old
patient with OC. The tumor was located on the right ovary. It was 88mm, with an ill-defined boundary, irregular shape, mostly solid components, abundant blood flow signal
(blood flow score grade 4), and no ascites. According to the nomogram, the risk of extra-pelvic metastasis in this patient was 80%-90%. The patient was eventually diagnosed
with HGSOC, which was accompanied by extra-pelvic metastasis. The green and white boxes in (B and D), respectively, mark the regions of interest for color Doppler flow
signal measurement.
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small deviations between the Apparent curve and the Ideal line, and the model shows great predictive performance.

tumor extent and metastatic sites in OC patients before surgery is pivotal for devising an effective preoperative surgical

plan and enhancing patient prognosis.

At present, the US is the preferred OC imaging method in physical screening and clinical diagnosis, which can
evaluate tumor size, proportion of cystic solid components, boundaries, margins, blood perfusion, and metastasis.'> CT
and MRI are often used as further evaluation methods after US. The specificity of CT in the diagnosis of neoplastic
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Table 4 Classification Accuracy for Prediction at Different Risk Cutoff Points for the Model in the Training Set

Risk Score Sensitivity Specificity PPV NPV Accuracy Precision Recall Fl
Threshold (%) (%) (%) (%) (%) (%) (%) Score
= 0% 99.2 234 60.6 96.3 64.6 60.6 99.2 0.753
= 20% 93.9 41.4 65.6 85.2 70.0 65.6 93.9 0.773
= 30% 93.2 55.0 71.1 87.1 75.7 71.1 93.2 0.807
= 40% 87.9 70.3 779 83.0 79.8 779 87.9 0.826
= 50% 82.6 775 8l1.3 789 80.2 81.3 82.6 0.820
= 60% 788 84.7 86.0 77.0 81.5 86.0 788 0.822
= 70% 71.2 85.6 85.5 71.4 778 85.5 712 0.777
= 80% 44.7 91.9 86.8 58.3 66.3 86.8 44.7 0.590
2 90% 28.0 96.4 90.2 53.0 59.3 90.2 28.0 0.428

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

abdominal lymph nodes is 89%, but the sensitivity is only 41%, which is a serious underestimate.>*** Secondly, the
presence of peritoneal metastases is also consistently underreported by CT.?® In conclusion, assessing the nature of soft
tissue using CT poses challenges, and there are inherent radiation risks associated with its use. Likewise, MRI encounters
difficulties in diagnosing malignant abdominal lymph nodes, with a sensitivity of 77% and a specificity of 91%.%’
Compared with CT and MRI, US has the advantages of non-radiation, economy, and convenience. Furthermore, previous
studies have demonstrated that US demonstrates superiority over MRI and CT in the evaluation of global peritoneal
cancer (0.87, 0.86, and 0.77, respectively). In evaluating deep wall infiltration of rectosigmoid, the accuracy and
sensitivity of US (93% and 100%) were superior to MRI (83% and 75%) and CT (84% and 88%).”* However, the US
is prone to missed diagnosis when identifying smaller extrascites in FIGO stage III-1V, such as small retroperitoneal
lymph node metastases. Therefore, in this study, we explored clinical and ultrasonic characteristics to determine whether
they can predict extra-pelvic metastasis in patients with OC, which may prompt the sonographer to more thoroughly
examine the extra-pelvic sites.
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Figure 8 DCA of the nomogram for screening for extra-pelvic metastasis in patients with OC in the training set (A) and validation set (B). The DCA curve is above None
and All, which means that the model is acceptable.
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In our study, ascites emerged as one of the independent factors screened to forecast the occurrence of extrapelvic
metastasis in OC. Among patients with advanced OC, ascites frequently manifests, potentially resulting from the transfer
of fluid to the peritoneum, thereby stimulating excessive serous fluid production. Concurrently, the presence of ascites
facilitates the dissemination of cancer cells to other organs.””*® The maximum tumor diameter in patients with extra-
pelvic metastasis was significantly larger than that in patients without extra-pelvic metastasis (125 = 50mm vs 104 +
50mm, P=0.001) in the training set in this study, which was in accordance with the findings of Yang et al.*' In their study,
the maximum tumor diameter in OC patients with lymph node metastasis was larger than that in the group without lymph
node metastasis (81.67+49.22 vs 110.31+49.02, P<0.001), and was an independent predictor of lymph node metastasis in
OC patients. Furthermore, research has indicated that the maximum tumor diameter independently predicts the efficacy
of neoadjuvant chemotherapy in advanced OC patients (P<0.05),°> as well as the risk of platinum resistance in OC
patients (P<0.05).%

[ll-defined boundary coupled with abundant blood flow constitutes a prominent US feature in the diagnosis of OC. In
our study, both ill-defined boundary and blood flow score level 4 served as predictors within our model. The unclear
tumor boundaries may indicate high aggressiveness towards surrounding tissues. Additionally, blood transfer represents
a significant mode of OC metastasis. Numerous studies have revealed the presence of circulating tumor cells in the
bloodstream in OC patients, which may contribute to the dissemination and correlate with an unfavorable prognosis.**
When masses were detected with copious blood flow in OC patients by US, particularly when reaching a score of 4, it
prompts a more comprehensive examination by doctors to identify any extra-pelvic metastases. Such thorough assess-
ments can greatly benefit the treatment and prognosis of patients. When US observation shows that the blood flow of the
mass in OC patients is abundant and reaches a score of 4, it suggests that doctors should more comprehensively check
whether the patient is accompanied by extra-pelvic metastasis, which will benefit the treatment and prognosis.

In addition to the above risk factors, we should note that the median age of onset in this set was relatively young (53
years in the training set and 52 years in the internal test set), which is consistent with the demographic profile of the
Chinese population. Studies indicate that the median age of diagnosis for OC patients in China is 53 years,*> notably
younger than the median age of approximately 63 years in Western populations.*® This discrepancy is largely attributed
to a higher proportion of younger-onset cases and a distinct distribution of pathological subtypes in China. We also
developed a nomogram to predict the risk of extra-pelvic metastasis of OC based on the independent predictors: ascites,
maximum tumor diameter, ill-defined boundary, and blood flow score level 4. The model achieved AUC values of 0.860
and 0.865 in the training and validation sets, respectively. The model developed from clinical and ultrasonic character-
istic parameters can predict the status of OC patients with extra-pelvic metastasis accurately. These indicators can be
obtained during the preoperative examination of the patient and can prompt the doctor to conduct a careful examination
of other organs outside the pelvis, which will facilitate the confirmation of FIGO staging and the customization of
personalized treatment plans for OC patients, thereby improving the prognosis of patients.

Several limitations of this study should be considered. Firstly, the research employs a retrospective design, and there
may be inherent biases within the included population. Prospective studies are necessary to validate our findings.
Secondly, this study only analyzed the relatively common US image characteristics of OC patients. Radiomics could
be employed to explore deeper image features and identify new US-based predictors for extra-pelvic metastasis in OC
patients in future research. Lastly, further research and validation are required to establish the external validity and its
broader applicability in clinical practice.

Conclusion

The model developed by clinical and ultrasonic characteristic parameters empowers doctors to more accurately identify
the III-IV stage OC patients with extra-pelvic metastases, thereby facilitating the formulation of tailored surgical plans,
optimizing preoperative decision-making regarding neoadjuvant therapy, and ultimately aiming to improve patient
prognosis.
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