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Abstract: This study aims to explore a new approach to reduce the recurrence risk and improve the prognosis of 
ovarian cancer (OC) patients with abdominal metastasis by analyzing the clinical characteristics and prognostic 
factors. A total of 292 OC patients with abdominal metastasis, treated at Henan Provincial People’s Hospital be-
tween 2021 and 2023 were included in this retrospective study. Follow-up was conducted for one year to observe 
the recurrence, with 285 patients completing the observation. The patients were then categorized into relapsing 
and non-relapsing groups based on whether they experienced a relapse within one-year follow-up. Independent 
sample t-tests and χ2 tests were used for inter-group comparison. Both univariate and multivariate logistic regres-
sion analyses were utilized to screen factors affecting recurrence. The variance inflation factor (VIF) was used to 
analyze whether the variables in the model had multicollinearity. Receiver Operating Characteristic (ROC) curves 
and nomographs were used to construct models for predicting one-year recurrence in OC patients with abdominal 
metastasis. Area under curve (AUC) of ROC and Hosmer-Lemeshow goodness of fit test were used to evaluate 
the accuracy of the model. The prediction model was verified by internal verification and external verification. The 
number of pregnancies, the number of births, diabetes mellitus, tumor diameter, tumor reduction combined with 
intraperitoneal chemotherapy, CA-125, HE-4, NLR, PLR, MLR showed association with patient recurrence. Logistic 
regression analysis revealed that lower pregnancy frequency and elevated levels of CA-125, HE-4, PLR and MLR 
were independent risk factors for increased risk of recurrence. In addition, the nomogram-based model demon-
strated strong predictive accuracy for one-year recurrence. OC patients with abdominal metastasis present diverse 
clinical manifestations, among which fewer pregnancies and elevated levels of CA-125, HE-4, PLR, and MLR may 
be independent risk factors for increased risk of recurrence. Individualized interventions based on these prognostic 
factors are essential to reduce risk and enhance patient quality of life.
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Introduction

Ovarian cancer (OC), a prevalent gynecological 
malignancy, has long posed a serious threat to 
women’s health [1]. Research shows a continu-
al rise in global disease burden attributed to OC 
[2], with the OC burden in China surpassing 
global levels and accelerating in recent years 
[3]. Beyond invading the ovary itself, OC can 
also metastasize to other tissues and organs 
through various pathways [4]. Among these, 
abdominal metastasis is a particularly common 
form, where cancerous cells spread through 
ascites to organs such as intestine, liver, and 
spleen [5]. The abdominal metastasis results in 

the formation of ascites, increasing tumor load 
and causing a series of adverse symptoms like 
reduced mobility, appetite loss, and fatigue, 
which greatly diminish patient quality of life [6]. 
The accumulation of ascites can also lead to 
reduced tolerance to tumor treatments, protein 
imbalances, and other complications, further 
complicating treatment efforts [7, 8]. In addi-
tion, abdominal metastasis of OC often signi-
fies advanced disease, and while surgical and 
chemotherapeutic interventions may improve 
outcomes, the overall survival rate remains low, 
with a bleak prognosis [9]. Hence, investigating 
the clinical characteristics and prognostic fac-
tors of abdominal metastasis in OC patients, as 
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Figure 1. The flow diagram of this study.

well as identifying novel approaches to effec-
tively enhance prognosis, has become a press-
ing concern for clinicians and researchers.

Current treatment options of OC patients with 
abdominal metastasis mainly includes surgery, 
radiotherapy, chemotherapy, immunotherapy, 
targeted therapy, among other means [10, 11]. 
Surgery is essential in OC treatment, espe- 
cially in patients with peritoneal metastases 
[12]. Radical tumor cell reduction is a preferred 
choice, aiming to remove as much visible tumor 
tissue as possible and to reduce overall tumor 
load [13]. While these treatments can relieve 
symptoms to some extent, achieving ideal ther-
apeutic outcomes remains challenging due to 
the high heterogeneity of OC and the complexi-
ty of intraperitoneal metastasis [14]. Wang et 
al. conducted an analysis on 454 patients diag-
nosed with epithelial OC and discovered that 
age, histological type, International Federation 
of Gynecology and Obstetrics (FIGO) stage, and 
lymph node count correlated with the postop-
erative survival time [15]. Similarly, Chan et al. 
identified that CA125 levels were associated 
with the survival of patients with epithelial OC 
[16]. Nevertheless, these studies did not spe-
cifically focus on the prognosis of OC patients 

with abdominal metastasis. Vi- 
zzielli et al. stated that intra-
peritoneal spread could signifi-
cantly influence the prognosis 
in elderly patients with OC [17]. 
Therefore, it is of great signifi-
cance to further investigate 
the clinical features and prog-
nostic factors of patients with 
abdominal metastasis of OC  
to optimize treatment and im- 
prove the survival rate of pa- 
tients.

This retrospective analysis fo- 
cused on assessing prognosis 
quality in OC patients with 
abdominal metastases. Utili- 
zing a large sample size, this 
study not only analyzed a range 
of clinical characteristics but 
also included some serological 
indicators to comprehensively 
explore the factors influenc- 
ing prognosis. The results of 
this study can assist clinicians 

more accurately identify crucial prognostic fac-
tors in OC patients with peritoneal metastasis, 
enabling more targeted management strate-
gies. For instance, for patients with a poor prog-
nosis, monitoring and follow-up can be intensi-
fied, and treatment regimens can be adjusted 
promptly to prolong the survival period and 
enhance the quality of life of patients. This 
enables doctors to assess patients’ conditions 
with greater accuracy and develop more indi-
vidualized treatment plans, thereby enhancing 
both the quality and effectiveness of OC diag-
nosis and treatment.

Materials and methods

Patient population

This study retrospectively analyzed 285 OC 
patients with abdominal metastases who were 
treated in Henan Provincial People’s Hospital 
between May 2021 and May 2023 (Figure 1). 
Inclusion criteria: (a) patients diagnosed with 
OC by pathological examination; (b) patients 
with FIGO stage III or IV; (c) age ≥18 years; (d) 
patients with abdominal metastases confirm- 
ed by histological diagnosis; (e) no serious 
underlying diseases or other cancers. Exclusion 
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tasized to one or more sites within the abdomi-
nal cavity. Relapse determination was jointly 
decided by two doctors. The primary outcome 
of this study was to identify factors influencing 
recurrence risk in OC patients with abdominal 
metastasis. The secondary outcomes included 
differences in baseline clinical characteristics 
and serological indicators, as well as the devel-
opment of a clinical prediction model based on 
recurrence risk factors in the two groups.

Statistical analysis

Quantitative data were presented as mean ± 
standard deviation, while qualitative data were 
reported in terms of frequency and percentage. 
For quantitative data following a normal distri-
bution, the t-test was employed to analyze dif-
ferences between the two groups. Qualitative 
data were analyzed using the χ2 test. Univariate 
and multivariate Logistic regression models 
were used to identify prognostic factors and 
calculate odds ratios (ORs) and their 95% confi-
dence intervals (CI). Variables with a P value 
<0.2 in univariate Logistic regression were 
included in the multi-factor Logistic regression 
analysis, and a backward stepwise regression 
method was used to construct the model. 
Nomograms and receiver operating character-
istic (ROC) curves were used to construct clini-
cal prediction models. Area under curve (AUC) 
of ROC, detection acceptability curve (DAC) and 
Hosmer-Lemeshow goodness-of-fit test were 
used to assess the model accuracy. The vari-
ance inflation factor (VIF) was used calculated 
to evaluate multicollinearity among variables in 
the model. For validation, the study applied 
both internal and external verification. First, the 
raw data were randomly split into a training set 
(70%) and an internal validation set (30%) at a 
ratio of 7:3. Differences between the training 
and validation sets were analyzed. The external 
validation set comprised patients subsequently 
recruited according to the same inclusion, 
exclusion, and follow-up criteria as the original 
cohort, resulting in 62 patients (21 in the 
relapse group and 41 in the non-relapse group). 
All statistical analyses were performed using 
SPSS23.0 and R4.2.1 software, with rms, 
ResourceSelection, rmda, and pROC packages 
in the R utilized to build and evaluate the pre-
diction model. P<0.05 was considered statisti-
cally significant.

criteria: (a) patients with severe organ failure  
or other cancers; (b) patients with immune  
system diseases; (c) patients with uterine 
fibroids, pelvic inflammatory disease or other 
serious gynecological diseases. This study was 
approved by the Ethics Committee of Henan 
Provincial People’s Hospital.

Collection of clinical data

General demographics and clinical information 
of patients were obtained through direct inter-
views or the medical record system. Demo- 
graphic information included age, body mass 
index (BMI), pregnancy history, and delivery his-
tory. Clinical information included underlying 
disease (hypertension, diabetes, and cardio-
vascular disease), tumor diameter, FIGO stage 
(III or IV), pathological type (high-grade serous 
cancer, non-high-grade serous cancer), differ-
entiation degree of (low, medium, or high), neo-
adjuvant chemotherapy, satisfactory tumor re- 
duction, abdominal chemotherapy, targeted 
therapy, among others. In addition, several 
important serological markers were collected 
and analyzed, including cancer antigen 125 
(CA-125), human epididymal protein 4 (HE-4), 
alpha-fetoprotein (AFP), albumin (ALB), neutro-
phil to lymphocyte ratio (NLR), platelet-lympho-
cyte ratio (PLR), and monocyte to lymphocyte 
ratio (MLR).

Outcome measures

Relapse is an important marker of OC progres-
sion, especially in patients with abdominal 
metastases [18]. Relapse is closely related to 
survival, serving as both an indicator for moni-
toring disease progression and a reference  
for treatment decisions [19]. Therefore, using 
relapse as a prognostic evaluation index in  
this study holds significant practical value for 
improving the quality of life of patients. Patients 
included in the study were followed up every 
three months by telephone or outpatient visit 
over a one-year follow-up period. Patients were 
classified into a relapse group if they had a 
recurrence within one year, and a no recurrence 
group if they had not (dependent variable as- 
signment: 1, relapsed group; 0, non-relapsed 
group). Relapse was defined as evidence of OC 
reoccurring by imaging, elevated tumor mark-
ers, clinical symptoms, or histology after a dis-
ease-free period following initial treatment, 
with confirmation that cancer cells had metas-
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Results

Comparison of baseline characteristics be-
tween the two groups 

A total of 292 OC patients with abdominal 
metastasis were initially included in the study, 
of whom 7 were lost to follow-up. Therefore, 
data from 285 patients were finally analyzed. 
Patients were divided into a recurrence group 
(107 patients, 37.54%) and non-recurrence 
group (178 patients, 62.46%) according to their 
recurrence within one year. The mean age was 
57.14±11.63 years in the recurrence group  
and 57.13±11.51 years in the non-recurrence 
group. The mean BMI was 24.78±3.36 kg/m2 in 
the recurrence group and 25.11±3.87 kg/m2 in 
the non-recurrence group. There were no sig-
nificant differences in age and BMI between 
the recurrence and non- recurrence groups (all 
P>0.05). However, significant differences were 
found in the number of pregnancies (χ2=2.025, 
P=0.044) and births (χ2=2.145, P=0.033) 
between the two groups. In addition, the preva-
lence of diabetes was significantly higher in the 
recurrence group (χ2=4.625, P=0.032) (Table 
1). No other significant differences were found 
in the basic characteristics between the two 
groups.

Comparison of clinical information between 
the two groups

The mean tumor size was (11.83±3.34) cm in 
the recurrence group, significantly larger than 
(10.93±3.18) cm in the non- recurrence group 
(t=3.340, P=0.024). Significant differences we- 
re also observed between the two groups in 
terms of whether they received tumor reduction 
surgery combined with intraperitoneal chemo-
therapy (χ2=4.408, P=0.036). However, no sta-
tistical difference was found in FIGO stage, 
pathological type, histological differentiation, 
neoadjuvant chemotherapy and targeted thera-
py between the two groups, as shown in Table 
1.

Comparison of serological markers between 
the two groups

The level of CA-125 was 110.52±5.49 U/mL  
in the recurrence group, significantly higher 
than 106.34±5.58 U/mL in the non-recurren- 
ce group (t=5.958, P<0.001). HE-4 level was 
528.64±77.19 μg/L in the recurrence group 

and 483.48±65.27 μg/L in the non-recurrence 
group (t=5.276, P<0.001). In addition, signifi-
cant differences were found in NLR (t=2.234, 
P=0.026), PLR (t=3.306, P=0.001), and MLR 
(t=3.413, P=0.001) between the two groups 
(Table 1). However, there was no significant dif-
ference in AFP and ALB levels between the two 
groups.

Univariate Logistic regression analysis be-
tween the two groups

Univariate Logistic regression analysis showed 
that patients with two (OR=0.40, 95% CI: 0.17-
0.94, P=0.034) or three pregnancies (OR=0.34, 
95% CI: 0.15-0.81, P=0.015) had a lower risk 
of OC recurrence compared to those with one 
pregnancy. Additionally, patients who under-
went tumor reduction surgery combined with 
intraperitoneal chemotherapy had a significant-
ly reduced recurrence risk compared to those 
who did not receive this treatment (OR=0.53, 
95% CI: 0.29-0.96, P=0.037). Larger tumor 
size was also associated with a higher recur-
rence risk (OR=1.09, 95% CI: 1.01-1.18, 
P=0.025). In addition, elevated levels of CA-125 
(OR=1.14, 95% CI: 1.09-1.19, P<0.001), HE-4 
(OR=1.01, 95% CI: 1.01-1.01, P<0.001), NLR 
(OR=1.12, 95% CI: 1.01-1.24, P=0.027), PLR 
(OR=1.01, 95% CI: 1.01-1.01, P=0.001), and 
MLR (OR=17.78, 95% CI: 3.20-98.76, P=0.001) 
were all associated with an increased risk of OC 
recurrence (Table 2).

Multivariate Logistic regression analysis be-
tween the two groups

Multivariate logistic regression analysis, incor-
porating factors with P<0.20 from the univari-
ate analysis revealed that compared with one 
pregnancy, two (OR=0.35, 95% CI: 0.12-0.99, 
P=0.050) pregnancies was a protective factor 
for OC prognosis. In addition, higher levels of 
CA-125 (OR=1.14, 95% CI: 1.08-1.20, P<0.001), 
HE-4 (OR=1.01, 95% CI: 1.01-1.01, P<0.001), 
PLR (OR=1.01, 95% CI: 1.01-1.01, P=0.038), 
and MLR (OR=18.19, 95% CI: 2.23-148.48, 
P=0.007) were identified as independent risk 
factors for disease recurrence. The details are 
shown in Table 2.

Logistic regression analysis in age subgroups

In the age subgroup analysis, the mean age 
(approximately 57 years) was used as a cutoff 
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Table 1. Comparison of baseline characteristics between recurrence group and non-recurrence group

Variable
Number/mean

t/χ2 value P valueRecurrence group 
(n=107)

Non-recurrence 
group (n=178)

General characteristics
    Age 57.14±11.63 57.13±11.51 0.008 0.994
    BMI 24.78±3.36 25.11±3.87 0.735 0.463
    Number of pregnancies 2.24±0.72 2.41±0.64 2.025 0.044
    Number of births 1.80±0.67 1.97±0.63 2.145 0.033
    Family history 23 40 0.037 0.848
    Hypertension 29 46 0.055 0.815
    Diabetes 22 20 4.625 0.032
    Cardiovascular disease 19 26 0.499 0.480
Clinical information
    Tumor size 11.83±3.34 10.93±3.18 3.340 0.024
    FIGO staging 0.046 0.831
        Phase 3 69 117
        Phase 4 38 61
    Pathological type 1.130 0.288
        High grade serous 52 75
        Non-high grade serous 55 103
    Differentiation 1.690 0.194
        Poorly 86 131
        Moderately and well 21 47
    Neoadjuvant chemotherapy 78 141 1.498 0.221
    Tumor reduction + abdominal chemotherapy 80 151 4.408 0.036
    Targeted therapy 16 29 0.090 0.764
Serological information
    CA125 110.52±5.49 106.34±5.88 5.958 0.000
    HE4 528.64±77.19 483.48±65.27 5.276 0.000
    AFP 60.08±8.68 58.79±8.67 1.226 0.221
    ALB 28.30±2.53 28.15±2.18 0.564 0.573
    NLR 3.13±2.44 2.49±2.29 2.234 0.026
    PLR 227.42±115.39 182.77±107.33 3.306 0.001
    MLR 0.39±0.17 0.33±0.13 3.413 0.001
Abbreviation: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; CA125, Cancer Antigen 125; 
HE4, Human Epididymis Protein 4; AFP, Alpha-fetoprotein; ALB, Albumin; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-
Lymphocyte Ratio; MLR, Monocyte-to-Lymphocyte Ratio.

value for grouping. In the <57 years subgroup, 
multivariate Logistic regression results showed 
that diabetes (OR=11.34, 95% CI: 2.69-47.79, 
P<0.001), large tumor size (OR=1.24, 95% CI: 
1.05-1.47, P=0.010), and high levels of CA-125 
(OR=1.20, 95% CI: 1.10-1.30, P<0.001) and 
HE-4 (OR=1.01, 95% CI: 1.01-1.02, P<0.001) 
were independent risk factors for OC recur-
rence. In the ≥57 years subgroup, high levels  
of CA-125 (OR=1.12, 95% CI: 1.04-1.22, P= 
0.005), HE-4 (OR=1.01, 95% CI: 1.10-1.02, 

P<0.001) and MLR (OR=74.00, 95% CI: 2.58-
2125.03, P=0.012) were identified as indepen-
dent risk factors for recurrence. The details are 
shown in Table 3.

Logistic regression analysis in the BMI sub-
groups

In the BMI subgroup analysis, the average BMI 
(approximately 25 kg/m2) was used as a cutoff 
value for grouping. In the BMI<25 subgroup, 
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Table 2. Logistic regression analysis of OC patients with abdominal metastasis

Variable
Univariate Logistic analysis Multivariate Logistic analysis

OR (95% CI) P value OR (95% CI) P value
Number of pregnancies
    Once Ref Ref
    Twice 0.40 (0.17-0.94) 0.034 0.35 (0.12-0.99) 0.050
    Three times 0.34 (0.15-0.81) 0.015 0.38 (0.13-1.17) 0.092
    Four times 0.34 (0.05-2.21) 0.261 0.30 (0.03-3.24) 0.322
Diabetes
    No Ref Ref
    Yes 1.63 (0.84-3.15) 0.147 1.29 (0.57-2.93) 0.540
Differentiation
    Poorly Ref
    Moderately and well 0.68 (0.38-1.22) 0.195 0.76 (0.38-1.55) 0.456
Tumor reduction + abdominal chemotherapy
    No Ref Ref
    Yes 0.53 (0.29-0.96) 0.037 0.68 (0.32-1.44) 0.317
Tumor size 1.09 (1.01-1.18) 0.025 1.06 (0.97-1.16) 0.219
CA-125 1.14 (1.09-1.19) <0.001 1.14 (1.08-1.20) <0.001
HE4 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001
NLR 1.12 (1.01-1.24) 0.027 1.06 (0.94-1.19) 0.360
PLR 1.01 (1.01-1.01) 0.001 1.01 (1.01-1.01) 0.038
MLR 17.78 (3.20-98.76) 0.001 18.19 (2.23-148.48) 0.007
Abbreviation: OC, ovarian cancer; OR, Odds Ratio; CI, Confidence Interval; CA125, Cancer Antigen 125; HE4, Human Epididy-
mis Protein 4; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; MLR, Monocyte-to-Lymphocyte Ratio.

patients with two (OR=0.13, 95% CI: 0.02-0.72, 
P=0.019) and three (OR=0.14, 95% CI: 0.02-
0.89, P=0.037) pregnancies and tumor reduc-
tion combined with abdominal chemotherapy 
(OR=0.23, 95% CI: 0.07-0.79, P=0.020) were 
protective factors. High levels of CA-125 
(OR=1.22, 95% CI: 1.11-1.35, P<0.001), HE-4 
(OR=1.01, 95% CI: 1.01-1.02, P<0.001) and 
PLR (OR=1.01, 95% CI: 1.01-1.01, P=0.007) 
were risk factors for recurrence. In the BMI≥ 
25 subgroup, neoadjuvant chemotherapy (OR= 
0.36, 95% CI: 0.13-0.99, P=0.047) was a pro-
tective factor for prognosis in OC patients. 
However, high levels of CA-125 (OR=1.15, 95% 
CI: 1.06-1.24, P<0.001), HE-4 (OR=1.01, 95% 
CI: 1.01-1.02, P=0.005) and MLR (OR=356.77, 
95% CI: 9.12-13959.55, P=0.002) were risk 
factors (Table 4).

Construction of clinical prediction model

In this study, five variables including number  
of pregnancies, tumor size, CA-125, HE-4, and 
MLR were used to construct a clinical predic-
tion model for one-year recurrence in patients 
with OC with abdominal metastasis (Figure 2). 

The ROC curve for this prediction model, con-
structed with these variables demonstrated an 
AUC of 0.80 (95% CI: 0.73-0.86), indicating 
good accuracy (Figure 3A). The sensitivity and 
specificity of this prediction model were 0.69 
(95% CI: 0.61-0.77) and 0.80 (95% CI: 0.71-
0.90), respectively, with an accuracy rate of 
0.73 (95% CI: 0.66-0.86) (Table 5).

Evaluation of clinical predictive models

The results of AUC showed that the model  
had strong differentiation ability. The Hosmer-
Lemeshow goodness-of-fit test result was 
0.395, suggesting that the predicted values 
were consistent with the actual value, and the 
model fit well (Figure 3D). The Decision Curve 
Analysis (DCA) further validated the model’s 
clinical value. The DCA curve revealed that, 
when the threshold probability was 0.0-0.8, the 
net return rate was greater than 0, indicat- 
ing that the risk prediction model provides  
good clinical application value (Figure 3G). 
Furthermore, the VIF values for all variables 
were less than 5, indicating the absence of 
multicollinearity in the model.
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Table 3. Logistic regression analysis of OC patients with abdominal metastasis in the age subgroups

Variable
Univariate Logistic analysis Multivariate Logistic analysis

OR (95% CI) P value OR (95% CI) P value
Age <57
    Number of pregnancies
        Once Ref Ref
        Twice 0.44 (0.13-1.50) 0.189 0.36 (0.06-2.18) 0.264
        Three times 0.32 (0.09-1.15) 0.081 0.39 (0.06-2.64) 0.334
        Four times 0.71 (0.04-14.35) 0.826 3.13 (0.03-299.90) 0.624
    Diabetes
        No Ref Ref
        Yes 4.96 (1.77-13.85) 0.002 11.34 (2.69-47.79) <0.001
    Tumor reduction + abdominal chemotherapy
        No Ref Ref
        Yes 0.43 (0.19-1.00) 0.050 0.38 (0.12-1.23) 0.106
    Tumor size 1.19 (1.05-1.35) 0.007 1.24 (1.05-1.47) 0.010
    CA-125 1.16 (1.08-1.25) <0.001 1.20 (1.10-1.30) <0.001
    HE4 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
    MLR 7.72 (0.78-76.31) 0.080 13.14 (0.45-383.26) 0.134
Age ≥57
    Number of pregnancies
        Once Ref Ref
        Twice 0.37 (0.12-1.18) 0.092 0.59 (0.11-3.19) 0.537
        Three times 0.37 (0.12-1.17) 0.089 0.88 (0.12-6.37) 0.899
        Four times 0.22 (0.02-2.67) 0.236 013 (0.00-5.12) 0.276
    Number of births
        Once Ref Ref
        Twice 0.46 (0.20-1.06) 0.069 0.50 (0.14-1.76) 0.278
        Three times 0.39 (0.14-1.05) 0.063 0.63 (0.12-3.47) 0.598
    Differentiation
        Poorly Ref Ref
        Moderately and well 0.53 (0.24-1.15) 0.109 0.42 (0.15-1.76) 0.353
    Neoadjuvant chemotherapy
        No Ref Ref
        Yes 0.53 (0.23-1.23) 0.142 0.60 (0.21-1.76) 0.353
    CA-125 1.11 (1.04-1.19) 0.001 1.12 (1.04-1.22) 0.005
    HE4 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.02) <0.001
    NLR 1.18 (1.02-1.35) 0.023 1.17 (0.99-1.39) 0.065
    PLR 1.01 (1.01-1.01) 0.010 1.00 (1.00-1.01) 0.302
    MLR 53.49 (3.77-758.17) 0.003 74.00 (2.58-2125.03) 0.012
Abbreviation: OC, ovarian cancer; OR, Odds Ratio; CI, Confidence Interval; CA125, Cancer Antigen 125; HE4, Human Epididymis 
Protein 4; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; MLR, Monocyte-to-Lymphocyte Ratio.

Validation of clinical predictive models

The results of difference analysis showed that 
the differences between the internal test set, 
the external test set and the training set were 
not statistically significant (data not shown). 
The internal validation set demonstrated an 

AUC of 0.77 (95% CI: 0.67-0.87) (Figure 3B). 
The Hosmer-Lemeshow goodness-of-fit test 
result for internal validation set was 0.629 
(Figure 3E), confirming that the model fit well. 
The DCA diagram for internal validation set 
showed that the model had good application 
value (Figure 3H). The sensitivity and specifi- 
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Table 4. Logistic regression analysis of OC patients with abdominal metastasis in the BMI subgroups

Variable
Univariate Logistic analysis Multivariate Logistic analysis

OR (95% CI) P value OR (95% CI) P value
BMI<25
    Number of pregnancies
        Once Ref Ref
        Twice 0.23 (0.06-0.91) 0.036 0.13 (0.02-0.72) 0.019
        Three times 0.18 (0.04-0.72) 0.016 0.14 (0.02-0.89) 0.037
        Four times 0.17 (0.01-2.56) 0.199 0.11 (0.00-4.03) 0.227
    Diabetes
        No Ref Ref
        Yes 2.17 (0.85-5.52) 0.105 1.25 (0.33-4.68) 0.744
    Pathological type
        High grade serous Ref Ref
        Non-high grade serous 0.56 (0.29-1.09) 0.56 0.47 (0.18-1.25) 0.130
    Differentiation
        Poorly Ref Ref
        Moderately and well 0.56 (0.25-1.24) 0.152 0.45 (0.15-1.37) 0.160
    Tumor reduction + abdominal chemotherapy
        No Ref Ref
        Yes 0.33 (0.14-0.78) 0.012 0.23 (0.07-0.79) 0.020
    Tumor size 1.10 (0.99-1.23) 0.082 1.03 (0.88-1.19) 0.734
    CA-125 1.16 (1.08-1.24) <0.001 1.22 (1.11-1.35) <0.001
    HE4 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
    NLR 1.21 (1.04-1.41) 0.012 1.36 (1.10-1.67) 0.005
    PLR 1.00 (1.00-1.01) 0.063 1.01 (1.01-1.01) 0.007
    MLR 7.19 (0.74-69.46) 0.088 2.34 (0.10-57.49) 0.602
BMI≥25
    Neoadjuvant chemotherapy
        No Ref Ref
        Yes 0.39 (0.17-0.90) 0.027 0.36 (0.13-0.99) 0.047
    Tumor size 1.08 (0.97-1.20) 0.151 1.10 (0.95-1.26) 0.203
    CA-125 1.12 (1.05-1.20) <0.001 1.15 (1.06-1.24) <0.001
    HE4 1.01 (1.01-1.01) 0.001 1.01 (1.01-1.02) 0.005
    AFP 1.03 (0.99-1.08) 0.149 1.02 (0.97-1.08) 0.394
    PLR 1.01 (1.01-1.01) 0.010 1.00 (1.00-1.01) 0.239
    MLR 57.03 (3.98-817.85) 0.003 356.77 (9.12-13959.55) 0.002
Abbreviation: OC, ovarian cancer; OR, Odds Ratio; CI, Confidence Interval; CA125, Cancer Antigen 125; HE4, Human Epididymis 
Protein 4; AFP, Alpha-fetoprotein; ALB, Albumin; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; MLR, 
Monocyte-to-Lymphocyte Ratio.

city of internal validation set were 0.74 (95%  
CI: 0.62-0.86) and 0.61 (95% CI: 0.45-0.77) 
(Table 3), respectively. 

For the external validation set, the AUC was 
0.85 (95% CI: 0.75-0.96) (Figure 3C). The 
Hosmer-Lemeshow goodness-of-fit test for 
external validation set was 0.848 (Figure 3F). 
The DCA plot showed favorable intervention 

return within the range of 0.1-0.8 (Figure 3I). 
The sensitivity and specificity of external valida-
tion were 0.83 (95% CI: 0.71-0.94) and 0.81 
(95% CI: 0.64-0.98), respectively (Table 5).

Discussion

Ovarian cancer (OC) is a malignant tumor that 
originates in ovarian tissue and can spread to 
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Figure 2. Nomogram for predicting disease relapse in OC patients with abdominal metastasis.

Figure 3. ROC curves, calibration curves, and DCA curves for training sets (A, D, G), internal validation sets (B, E, H), 
and external validation sets (C, F, I). ROC, Receiver Operating Characteristic; DCA, Decision Curve Analysis.
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Table 5. Performance metrics of the predictive model across training, internal validation, and external validation sets
Data AUC (95% CI) Accuracy (95% CI) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) cut off
Training set 0.80 (0.73-0.86) 0.73 (0.66-0.79) 0.69 (0.61-0.77) 0.80 (0.71-0.90) 0.86 (0.80-0.93) 0.59 (0.49-0.69) 0.323
Internal validation set 0.77 (0.67-0.87) 0.69 (0.58-0.78) 0.74 (0.62-0.86) 0.61 (0.45-0.77) 0.73 (0.60-0.85) 0.63 (0.47-0.79) 0.323
External validation set 0.85 (0.75-0.96) 0.82 (0.70-0.91) 0.83 (0.71-0.94) 0.81 (0.64-0.98) 0.89 (0.80-0.99) 0.71 (0.53-0.89) 0.373
Abbreviation: AUC, Area under the Curve; PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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other parts of the body as the disease pro-
gresses [20]. Abdominal metastasis, as one of 
the most common forms of OC metastasis, can 
cause direct damage to abdominal organs and 
lead to various complications, increasing the 
difficulty of treatment [21-23]. Therefore, accu-
rately identifying prognostic factors and pre-
dicting patient outcomes is of great importan- 
ce for the individualized, comprehensive treat-
ment and for improving prognosis. In this study, 
the general, clinical, and serological charac- 
teristics of 285 OC patients with abdominal 
metastasis were retrospectively analyzed, and 
the factors affecting patient prognosis were 
comprehensively examined. 

This study found a significant correlation 
between the number of pregnancies and OC 
prognosis, potentially linked to hormonal ch- 
anges during pregnancy. Previous studies have 
also reported that changes in hormone levels 
during pregnancy, particularly in estrogen and 
progesterone, may affect the activity of OC 
cells [24]. Novichkov et al. reported that pro-
gesterone receptor was a favorable prognostic 
factor in OC patients [25]. Similarly, a review by 
Liu et al. found infertility to be an important 
prognostic risk factor for OC patients [26]. 
Additionally, Camilla Skold et al. found that 
high-grade serous OC patients with a history of 
menorrhagia exhibit greater progesterone re- 
ceptor expression, suggesting that pregnancy 
may have a lasting impact on OC development 
[27]. Changes in estrogen and progesterone 
levels during pregnancy may help reduce cer-
tain risk factors for OC or promote the health of 
ovarian tissue, though more in-depth research 
is needed to confirm this hypothesis. During 
pregnancy, a woman’s immune system also 
adapts to accommodate the fetus [28], increas-
ing immune tolerance and activating immune 
cells. This immune regulation may help reduce 
the escape and spread of OC cells, thereby 
reducing the risk of recurrence [29]. Its immu-
nological mechanism needs further investiga- 
tion.

This study also found that OC patients with dia-
betes were more likely to relapse, aligning with 
previous study. Lee et al. found a significant 
association between diabetes and an incre- 
ased risk of OC [30]. Diabetes was significantly 
associated with increased mortality in OC pa- 
tients [31]. Diabetes may lead to elevated 

blood sugar, which in turn causes molecular 
changes, such as increased oxidative stress 
and inflammation that favor tumor growth [32]. 
Moreover, some of these diabetes-induced 
changes may be irreversible, potentially pro-
moting cancer progression even when blood 
sugar levels are controlled [33]. OC patients 
with diabetes face additional treatment chal-
lenges, as they have to control blood sugar and 
cancer treatment simultaneously. This dual 
management can complicate treatment op- 
tions, affecting treatment effectiveness and 
overall patient prognosis. Additionally, Zhao et 
al. found through a retrospective study that 
larger tumor size is associated with a poorer 
prognosis in OC patients, which is consistent 
with the findings of this study [34]. Larger 
tumors tend to be more aggressive and meta-
static, making them more difficult to treat. In 
addition, previous studies have found a signifi-
cant correlation between tumor reduction sur-
gery and increased survival rates in patients 
with advanced OC [35]. This approach not only 
removes as much tumor tissue as possible, 
reducing tumor load, but also enables the direct 
delivery of chemotherapy into the abdominal 
cavity. This high concentration drug environ-
ment in the metastasis area enhances the effi-
cacy of chemotherapy. These findings suggest 
that tumor reduction combined with intrape- 
ritoneal chemotherapy has substantial clinical 
value for improving the prognosis of patients 
with advanced OC.

This study also found that elevated levels of 
CA-125, HE-4, PLR, and MLR were associated 
with an increased risk of OC recurrence. CA-125 
and HE-4 are commonly used biomarkers for 
monitoring disease progression and evaluating 
prognosis in OC patients, and their elevated 
levels often reflect aggressive tumor behaviors, 
such as accelerated growth and enhanced 
aggressiveness [36]. The rise in PLR may be 
related to the inflammatory response caused 
by the tumor [37]. Tumor cells may release 
thrombopoietic factors that stimulate thrombo-
cytosis, promoting tumor growth and angiogen-
esis. As for MLR, previous studies have shown 
that monocytes in the tumor microenvironment 
can differentiate into macrophages with tumor 
promoting activity (M2 macrophages), which 
can secrete cytokines and growth factors to 
facilitate tumor cell proliferation, migration and 
invasion [38]. In addition, a high MLR may indi-
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cate an immune imbalance, with a relative 
decrease in lymphocytes, which weakens the 
immune system’s ability to detect and clear 
cancer cells, thereby increasing the risk of 
recurrence [39]. The precise mechanism by 
which these serological markers influence OC 
prognosis deserves further study.

Of course, there are some limitations to this 
study. First, the single source of cases restricts 
the generalizability of the results. Second, the 
retrospective design may introduce selection 
and information biases that could affect the 
study findings. In addition, retrospective stud-
ies may have residual confounding factors that 
are difficult to completely eliminate during anal-
ysis, thereby affecting the accuracy of causal 
inference. Finally, the nomogram model con-
structed in this study needs further validation 
and improvement. 

Conclusion

In conclusion, fewer pregnancies and elevated 
levels of CA-125, HE-4, PLR, and MLR are inde-
pendent risk factors for increased risk of recur-
rence. In addition, the clinical prediction model 
constructed in this study has a high predictive 
value. These findings are clinically significant, 
providing insights into OC characteristics, facili-
tating early identification and intervention for 
high-risk patients, and supporting personalized 
treatment approaches.

Disclosure of conflict of interest

None.

Address correspondence to: Qian-Yong Zhu, De- 
partment of Gynecology, Henan Provincial People’s 
Hospital, People’s Hospital of Zhengzhou University, 
No. 7, Weiwu Road, Jinshui District, Zhengzhou 
450000, Henan, China. Tel: +86-0371-65897705; 
E-mail: cancerhnzz@163.com

References

[1] Xia T, Fang C and Chen Y. Advances in applica-
tion of circulating tumor DNA in ovarian cancer. 
Funct Integr Genomics 2023; 23: 250.

[2] Zhang S, Cheng C, Lin Z, Xiao L, Su X, Zheng L, 
Mu Y, Liao M, Ouyang R, Li W, Ma J, Cai J, Liu L, 
Wang D, Zeng F and Liu J. The global burden 
and associated factors of ovarian cancer in 
1990-2019: findings from the Global Burden 
of Disease Study 2019. BMC Public Health 
2022; 22: 1455.

[3] Wang Y, Wang Z, Zhang Z, Wang H, Peng J and 
Hong L. Burden of ovarian cancer in China 
from 1990 to 2030: a systematic analysis and 
comparison with the global level. Front Public 
Health 2023; 11: 1136596.

[4] Tian W, Lei N, Zhou J, Chen M, Guo R, Qin B, Li 
Y and Chang L. Extracellular vesicles in ovarian 
cancer chemoresistance, metastasis, and im-
mune evasion. Cell Death Dis 2022; 13: 64.

[5] Miyamoto T, Murphy B and Zhang N. Intraperi-
toneal metastasis of ovarian cancer: new in-
sights on resident macrophages in the perito-
neal cavity. Front Immunol 2023; 14:1104694.

[6] Ford CE, Werner B, Hacker NF and Warton K. 
The untapped potential of ascites in ovarian 
cancer research and treatment. Br J Cancer 
2020; 123: 9-16.

[7] Szender JB, Emmons T, Belliotti S, Dickson D, 
Khan A, Morrell K, Khan ANMN, Singel KL, 
Mayor PC, Moysich KB, Odunsi K, Segal BH 
and Eng KH. Impact of ascites volume on clini-
cal outcomes in ovarian cancer: a cohort study. 
Gynecol Oncol 2017; 146: 491-497.

[8] Nasioudis D, Byrne M, Ko EM, Haggerty AF, 
Cory L, Giuntoli Ii RL, Kim SH and Latif NA. As-
cites volume at the time of primary debulking 
and overall survival of patients with advanced 
epithelial ovarian cancer. Int J Gynecol Cancer 
2021; 31: 1579-1583.

[9] Pascual-Antón L, Cardeñes B, Sainz de la 
Cuesta R, González-Cortijo L, López-Cabrera 
M, Cabañas C and Sandoval P. Mesothelial-to-
mesenchymal transition and exosomes in peri-
toneal metastasis of ovarian cancer. Int J Mol 
Sci 2021; 22: 11496.

[10] An Y and Yang Q. Tumor-associated macro-
phage-targeted therapeutics in ovarian cancer. 
Int J Cancer 2021; 149: 21-30.

[11] Morand S, Devanaboyina M, Staats H, Stan-
bery L and Nemunaitis J. Ovarian cancer im-
munotherapy and personalized medicine. Int J 
Mol Sci 2021; 22: 6532.

[12] Kurnit KC, Fleming GF and Lengyel E. Updates 
and new options in advanced epithelial ovari-
an cancer treatment. Obstet Gynecol 2021; 
137: 108-121.

[13] Coleridge SL, Bryant A, Kehoe S and Morrison 
J. Neoadjuvant chemotherapy before surgery 
versus surgery followed by chemotherapy for 
initial treatment in advanced ovarian epithelial 
cancer. Cochrane Database Syst Rev 2021; 7: 
CD005343.

[14] Eisenhauer EA. Real-world evidence in the 
treatment of ovarian cancer. Ann Oncol 2017; 
28: viii61-viii65.

[15] Wang T, Fu X, Zhang L, Liu S, Tao Z and Wang F. 
Prognostic factors and a predictive nomogram 
of cancer-specific survival of epithelial ovarian 
cancer patients with pelvic exenteration treat-
ment. Int J Clin Pract 2023; 2023: 9219067.

mailto:cancerhnzz@163.com


Ovarian cancer with abdominal metastasis

180 Am J Cancer Res 2025;15(1):168-181

[16] Chan JK, Tian C, Kesterson JP, Richardson MT, 
Lin K, Tewari KS, Herzog T, Kapp DS, Monk BJ, 
Casablanca Y, Hanjani P, Wenham RM, Walker 
J, McNally L, Copeland LJ, Robertson S, Lentz 
S, Spirtos NM and Bell JG. The clinical and 
prognostic significance of pre-chemotherapy 
serum CA-125 in high-risk early stage ovarian 
cancer: an NRG/GOG ancillary study. Gynecol 
Oncol 2022; 167: 429-435.

[17] Vizzielli G, Costantini B, Tortorella L, Petrillo M, 
Fanfani F, Chiantera V, Ercoli A, Iodice R, Scam-
bia G and Fagotti A. Influence of intraperitone-
al dissemination assessed by laparoscopy on 
prognosis of advanced ovarian cancer: an ex-
ploratory analysis of a single-institution experi-
ence. Ann Surg Oncol 2014; 21: 3970-7.

[18] Colombo N, Sessa C, du Bois A, Ledermann J, 
McCluggage WG, McNeish I, Morice P, Pignata 
S, Ray-Coquard I, Vergote I, Baert T, Belaroussi 
I, Dashora A, Olbrecht S, Planchamp F and 
Querleu D; ESMO-ESGO Ovarian Cancer Con-
sensus Conference Working Group. ESMO-ES-
GO consensus conference recommendations 
on ovarian cancer: pathology and molecular 
biology, early and advanced stages, borderline 
tumours and recurrent disease. Ann Oncol 
2019; 30: 672-705.

[19] Konstantinopoulos PA and Matulonis UA. Clini-
cal and translational advances in ovarian can-
cer therapy. Nat Cancer 2023; 4: 1239-1257.

[20] Sommerfeld L, Finkernagel F, Jansen JM, Wag-
ner U, Nist A, Stiewe T, Müller-Brüsselbach S, 
Sokol AM, Graumann J, Reinartz S and Müller 
R. The multicellular signalling network of ovar-
ian cancer metastases. Clin Transl Med 2021; 
11: e633.

[21] Li Y, Fei H, Lin Q, Liang F, You Y, Li M, Wu M, Qu 
Y, Li P, Yuan Y, Chen T and Jiang H. ZEB2 facili-
tates peritoneal metastasis by regulating the 
invasiveness and tumorigenesis of cancer 
stem-like cells in high-grade serous ovarian 
cancers. Oncogene 2021; 40: 5131-5141.

[22] Akter S, Rahman MA, Hasan MN, Akhter H, 
Noor P, Islam R, Shin Y, Rahman MDH, Gazi 
MS, Huda MN, Nam NM, Chung J, Han S, Kim 
B, Kang I, Ha J, Choe W, Choi TG and Kim SS. 
Recent advances in ovarian cancer: therapeu-
tic strategies, potential biomarkers, and tech-
nological improvements. Cells 2022; 11: 650.

[23] Cunningham JM, Cicek MS, Larson NB, Davila 
J, Wang C, Larson MC, Song H, Dicks EM, Har-
rington P, Wick M, Winterhoff BJ, Hamidi H, 
Konecny GE, Chien J, Bibikova M, Fan JB, Kalli 
KR, Lindor NM, Fridley BL, Pharoah PP and 
Goode EL. Clinical characteristics of ovarian 
cancer classified by BRCA1, BRCA2, and 
RAD51C status. Sci Rep 2014; 4: 4026.

[24] Blaakaer J, Høgdall CK, Hørding U, Bennett P, 
Toftager-Larsen K, Daugaard S and Bock J. 

Hormonal factors and prognosis in epithelial 
ovarian cancer: a multivariate analysis. Eur J 
Obstet Gynecol Reprod Biol 1993; 51: 21-7.

[25] Novichkov EV and Votintsev AA. Ovarian cancer 
prognosis and expression of receptors to sex 
hormones and proliferative activity of tumor 
cells. Arkh Patol 2006; 68: 10-3.

[26] Liu C and Su H. Evaluation of risk factors and 
effective factors in determining the prognosis 
of ovarian cancer. Cell Mol Biol (Noisy-le-grand) 
2022; 68: 28-34.

[27] Sköld C, Corvigno S, Dahlstrand H, Enblad G, 
Mezheyeuski A, Sundström-Poromaa I, Stål-
berg K, Tolf A, Glimelius I and Koliadi A. Asso-
ciation between parity and pregnancy-associ-
ated tumor features in high-grade serous 
ovarian cancer. Cancer Causes Control 2024; 
35: 1101-1109.

[28] Abu-Raya B, Michalski C, Sadarangani M and 
Lavoie PM. Maternal immunological adapta-
tion during normal pregnancy. Front Immunol 
2020; 11: 575197.

[29] True H, Blanton M, Sureshchandra S and 
Messaoudi I. Monocytes and macrophages in 
pregnancy: the good, the bad, and the ugly. Im-
munol Rev 2022; 308: 77-92.

[30] Lee JY, Jeon I, Kim JW, Song YS, Yoon JM and 
Park SM. Diabetes mellitus and ovarian cancer 
risk: a systematic review and meta-analysis of 
observational studies. Int J Gynecol Cancer 
2013; 23: 402-12.

[31] Zhang D, Zhao Y, Wang T, Xi Y, Li N and Huang 
H. Diabetes mellitus and long-term mortality of 
ovarian cancer patients. A systematic review 
and meta-analysis of 12 cohort studies. Diabe-
tes Metab Res Rev 2017; 33.

[32] Karimi F, Dinarvand N, Sabaghan M, Azad-
bakht O, Ataee S, Kharazinejad E and Moaz-
amfard M. Diabetes and ovarian cancer: risk 
factors, molecular mechanisms and impact on 
prognosis. Endocrine 2024; 83: 1-9.

[33] Vrachnis N, Iavazzo C, Iliodromiti Z, Sifakis S, 
Alexandrou A, Siristatidis C, Grigoriadis C, Bot-
sis D and Creatsas G. Diabetes mellitus and 
gynecologic cancer: molecular mechanisms, 
epidemiological, clinical and prognostic per-
spectives. Arch Gynecol Obstet 2016; 293: 
239-46.

[34] Zhao N, Guo Y, He Y, Chen Y and Xing J. Eukary-
otic initiation factor 3B is overexpressed and 
correlates with larger tumor size, advanced 
FIGO stage, and shorter overall survival in epi-
thelial ovarian cancer patients. J Clin Lab Anal 
2020; 34: e23354.

[35] Verleye L, Castanares-Zapatero D, Devos C, De 
Gendt C, Silversmit G, Van Damme N, Huls-
taert F, Thiry N and Neyt M. Survival in stage IV 
ovarian cancer with increased use of debulk-



Ovarian cancer with abdominal metastasis

181 Am J Cancer Res 2025;15(1):168-181

ing surgery and bevacizumab. Int J Gynecol 
Cancer 2023; 33: 543-548.

[36] Zhang M, Cheng S, Jin Y, Zhao Y and Wang Y. 
Roles of CA125 in diagnosis, prediction, and 
oncogenesis of ovarian cancer. Biochim Bio-
phys Acta Rev Cancer 2021; 1875: 188503.

[37] Kriplani A, Pandit S, Chawla A, de la Rosette 
JJMCH, Laguna P, Jayadeva Reddy S and So-
mani BK. Neutrophil-lymphocyte ratio (NLR), 
platelet-lymphocyte ratio (PLR) and lympho-
cyte-monocyte ratio (LMR) in predicting sys-
temic inflammatory response syndrome (SIRS) 
and sepsis after percutaneous nephrolithoto-
my (PNL). Urolithiasis 2022; 50: 341-348.

[38] Wu K, Lin K, Li X, Yuan X, Xu P, Ni P and Xu D. 
Redefining tumor-associated macrophage sub-
populations and functions in the tumor micro-
environment. Front Immunol 2020; 11: 1731.

[39] Li C, Jiang P, Wei S, Xu X and Wang J. Regula-
tory T cells in tumor microenvironment: new 
mechanisms, potential therapeutic strategies 
and future prospects. Mol Cancer 2020; 19: 
116.


