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Background: Peritoneal dissemination (PD) is the most common mode of metastasis for
advanced gastric cancer (GC) with poor prognosis. It is of great significance to accurately
predict preoperative PD and develop optimal treatment strategies for GC patients. Our
study assessed the diagnostic potential of serum tumor markers and clinicopathologic
features, to improve the accuracy of predicting the presence of PD in GC patients.

Methods: In our study, 1264 patients with GC at Fudan University Shanghai Cancer
Center and Wenzhou people’s hospital from 2018 to 2020 were retrospectively analyzed,
including 316 cases of PD and 948 cases without PD. All patients underwent enhanced
CT scan or magnetic resonance imaging (MRI) before surgery and treatment.
Clinicopathological features, including tumor diameter and tumor stage (depth of tumor
invasion, nearby lymph node metastasis and distant metastasis), were obtained by
imaging examination. The independent risk factors for PD were screened through
univariate and multivariate logistic regression analyses, and the results were expressed
with 95% confidence intervals (CIs). A model of PD diagnosis and prediction was
established by using Cox proportional hazards regression model of training set.
Furthermore, the accuracy of the prediction model was verified by ROC curve and
calibration plots.

Results: Univariate analysis showed that PD in GC was significantly related to tumor
diameter (odds ratio (OR)=12.06, p<0.0006), depth of invasion (OR=14.55, p<0.0001),
lymph node metastases (OR=5.89, p<0.0001), carcinoembryonic antigen (CEA)
(OR=2.50, p<0.0001), CA125 (OR=11.46, p<0.0001), CA72-4 (OR=4.09, p<0.0001),
CA19-9 (OR=2.74, p<0.0001), CA50 (OR=5.20, p<0.0001) and CA242 (OR=3.83,
p<0.0001). Multivariate analysis revealed that clinical invasion depth and serum marker
of CA125 and CA72-4 were independent risk factors for PD. The prediction model was
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established based on the risk factors using the R program. The area under the curve
(AUC) of the receiver operating characteristics (ROC) was 0.931 (95% CI: 0.900–0.960),
with the accuracy, sensitivity and specificity values of 90.5%, 86.2% and
82.2%, respectively.

Conclusion: The nomogram model constructed using CA125, CA72-4 and depth of
invasion increases the accuracy and sensitivity in predicting the incidence of PD in GC
patients and can be used as an important tool for preoperative diagnosis.
Keywords: gastric cancer, peritoneal dissemination, prediction nomogram, serum tumor markers, risk factors
INTRODUCTION

Gastric cancer (GC) is one of the most important gastrointestinal
malignancies, ranking fifth among all cancers in the world and
representing the third leading cause of cancer-related deaths (1).
PD is the most common and important mode of gastric
cancer metastasis, occurs in greater than 55%-60% of patients
with metastatic gastric cancer, leading to poor prognosis
(2–5). Patients with PD often have complications of malignant
ascites, abdominal distension and intestinal obstruction and
exhibit poor overall survival (6–8). According to statistics, the
median overall survival (OS) of GC patients with PD is 3 to 4
months (9, 10), and the 5-year survival rate is 2% (11). Relevant
guidelines clearly specify that GC patients with PD can only
receive palliative care or neoadjuvant chemotherapy instead of
radical surgery (12, 13). With the development of intraperitoneal
chemotherapy and the application of immunotherapy and
targeted therapy, the median OS in GC patients with PD is
expected to improve (14). Therefore, the accurate prediction of
PD is essential in the treatment strategies of GC patients.

In clinical practice, computed tomography (CT) is a
fundamental imaging modality for the diagnosis of PD,
exhibits high specificity and accuracy, whereas its sensitivity is
low (15). Studies are unanimous in the conclusion that higher CT
sensitivity is dependent on the size of peritoneal metastatic
nodules (the detection rates ranged from 8–67%), whereas
metastatic nodules are usually small, and therefore have a high
rate of misdiagnosis (16, 17). Magnetic resonance imaging (MRI)
is superior to CT in contrast resolution and imaging ability.
However, it is susceptible to motion artifacts associated with
respiration and intestinal peristalsis and requires a long scan
time. In addition, MRI is limited by its low sensitivity to the
detection of small nodules (18). In addition, PET is costly, and early
lesions may go undetected. Diagnostic laparoscopic exploration
provides direct observation of peritoneal metastases with high
accuracy but is an unconventional and invasive procedure.
Serum tumor markers (AFP, CEA, CA125, CA72–4, CA242,
CA19–9and CA50) are commonly used in the clinic for the
diagnosis and prognostic monitoring of GC. For example, CA125
has been widely confirmed to have clinical guiding value in PD
diagnosis in recent years, but the sensitivity and specificity of
individual indicators are low (19, 20). Accurate preoperative
prediction of PD not only avoids unnecessary invasive operations
but also provides opportunities for early comprehensive treatment,
2

which has important clinical value and application prospects.
Therefore, we conducted a retrospective study to explore a highly
sensitive and noninvasive predictor.
MATERIALS AND METHODS

We collected 1498 patients diagnosed with gastric cancer at Fudan
University Shanghai Cancer Center (FUSCC) and Wenzhou
People’s Hospital from January 2017 to December 2020 in this
study. This retrospective study was approved by the Ethical
Committee of FUSCC and Wenzhou People’s Hospital and
Wenzhou People's Hospital. All procedures were carried out in
accordance with relevant guidelines.

Inclusion and Exclusion Criteria
The inclusion criteria were: (1) GC patients diagnosed by
gastroscopy and CT examination; (2) No other forms of
treatment, such as immunotherapy, chemotherapy or
radiotherapy were received before treatment; (3) patients had
no other malignant tumors; (4) With complete detection results
of serum tumor markers, including CEA, CA19–9, CA125,
CA50, CA242 and CA72-4. The exclusion criteria were: (1)
radical resection was performed within 2 months after
enrollment; (2) patients diagnosed with other malignancies or
major diseases within 3 years prior to surgery (n=17); (3) patients
received immunotherapy, chemotherapy or radiotherapy within
3 months before surgery (n=10); (4) Incomplete of
clinicopathologic characteristics and follow-up data (n=126);
(5) patients with distant organ metastasis, pregnancy or
incomplete data were excluded. Finally, of these patients, 1264
eligible patients were identified for this study (Figure 1).

In the case-control study, in order to control confounding
bias and exclude mutual metastasis of tumors, we did not include
patients with other malignant tumors simultaneously, such as
ovarian cancer, pancreatic cancer, colorectal cancer and other
abdominal malignancies, for which peritoneal metastasis are
prone to occur in the event of tumor recurrence and progression.

Current guidelines suggest that 16 or more lymph nodes (LNs)
are required for the appropriate TMN staging of gastric cancer, the
effect on survival of the minimum number of examined LNs in the
different types of gastrectomy remains unclear. However, a
retrospective analysis of 2,947 patients from a two-institution
database in China showed that to maximize the survival benefit
June 2022 | Volume 12 | Article 844786

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Bao et al. Peritoneal Dissemination in Gastric Cancer
after radical total gastrectomy for gastric cancer, a minimum of 21
LNs should be removed (21). Therefore, in order to predict survival
more accurately with TNM staging system, we excluded the cases
with less than 16 detected lymph nodes.

Study Patients
A total of 1264 GC patients were enrolled in our study, including
316 patients diagnosed with PD and 948 patients without PD,
randomly matched at a ratio of 3:1. 885 patients were enrolled in
the training cohort, including 221 patients with PD and 664
patients without PD, with a median age of 59 years. In addition,
379 patients were included in the validation cohort, including 95
patients with PD and 284 without PD, with a median age of 57
years. All patients were staged according to the Union for
International Cancer Control (UICC) and American Joint
Committee on Cancer (AJCC) TNM Staging Classification for
CRC (Eighth Edition, 2016). The following baseline indicators
were analyzed: age, sex, stage of TNM, preoperative tumor
markers levels and some pathological conditions, including
nerve infiltration and lympho-vascular invasion status. All
patients underwent enhanced CT scan or magnetic resonance
imaging (MRI) before surgery or treatment. Tumor size is
Frontiers in Oncology | www.frontiersin.org 3
measured by its longest diameter. The depth of invasion
(clinical T stages) and lymphatic metastasis (clinical N stages)
were obtained based on preoperative imaging examination. As
shown in Table 1, we found no statistically significant differences
in any clinicopathological features or tumor markers between
two cohorts (p* value >0.05), indicating that the constitutions of
the two groups were similar. Tumor size, cT stage, cN stage and
serum tumor marker levels, including CEA, CA50, CA125,
CA72-4, CA242 and CA19-9, were significantly different in
both cohorts (P<0.05), indicating a significant correlation
with PD.
Statistical Analysis
Comparisons between groups were performed by Chi-square test
or Fisher’s exact test. Risk factors related to PD in gastric cancer
were determined by Logistic regression analysis. The area under
ROC curve was used to evaluate the diagnostic value of tumor
markers, and the optimal cut-off value was obtained by the ROC
curve and Youden index. A nomogram was made as a prediction
model of PD incidence, and the accuracy of the prediction was
verified by ROC analysis and calibration plot. Statistical analysis
FIGURE 1 | Flowchart of patient cohort definition.
June 2022 | Volume 12 | Article 844786
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was performed using SPSS 25.0 and R software (version x64).
Differences with P<0.05 were considered statistically significant.
RESULTS

Univariate and Multivariate Analysis for PD
Risk factors associated with PD in gastric cancer were determine by
using logistic regression analysis (Table 2). According to univariate
analysis, the following relevant factors found to be associated with
Frontiers in Oncology | www.frontiersin.org 4
PD: tumor diameter (OR=12.06, p<0.0006), depth of invasion (cT
stage) (OR=14.55, p=0.0006), lymph node metastases (cN stage)
(OR=5.89, p<0.0001), and serum tumor markers, including
CEA (OR=2.50, p<0.0001), CA125 (OR=11.46, p<0.0001), CA72-
4 (OR=4.09, p<0.0001), CA19-9 (OR=2.74, p<0.0001), CA50
(OR=5.20, p<0.0001) and CA242 (OR=3.83, p<0.0001).
Additionally, multivariate analysis illustrated that depth of
invasion (cT stages) (OR=9.233, p=0.043) and serum tumor
markers of CA125 (OR=4.582, p<0.0001) and CA72-4
(OR=4.674, p<0.0001) were independent risk factors for PD.
TABLE 1 | Correlation between peritoneal dissemination and clinicopathologic features [n (%)].

Group Training cohort (n=885) Validation cohort (n=379) P*

non.PD PD Standardize diff. P-value non.PD PD Standardize diff. P-value

Gender 0.03 (-0.12, 0.18) 0.721 0.01 (-0.22, 0.24) 0.933 0.965
Male 442 (66.57%) 150 (67.87%) 190 (66.90%) 64 (67.37%)
Female 222 (33.43%) 71 (32.13%) 94 (33.10%) 31 (32.63%)

Depth of invasion 2.07 (1.79, 2.35) <0.001 4.91 (4.31, 5.52) <0.001 <0.001
Mucosa(T1a) 119 (17.92%) 1 (1.56%) 57 (20.07%) 0 (0.00%)
Submucosa(T1b) 158 (23.80%) 2 (3.12%) 85 (29.93%) 0 (0.00%)
muscularis propria(T2) 226 (34.04%) 1 (1.56%) 117 (41.20%) 0 (0.00%)
Within serosa (T3) 136 (20.48%) 36 (56.25%) 25 (8.80%) 7 (36.84%)
Beyond serosa (T4a-4b) 25 (3.77%) 24 (37.50%) 0 (0.00%) 12 (63.16%)

Lymphatic metastasis 0.93 (0.67, 1.19) <0.001 1.40 (0.94, 1.87) <0.001 0.200
N0 326 (49.10%) 9 (14.06%) 137 (48.24%) 1 (5.00%)
N1(1-2) 90 (13.55%) 8 (12.50%) 47 (16.55%) 3 (15.00%)
N2(3-6) 108 (16.27%) 11 (17.19%) 35 (12.32%) 1 (5.00%)
N3-N4(≥7) 140 (21.08%) 36 (56.25%) 65 (22.89%) 15 (75.00%)

vascular cancer embolus 0.81 (0.55, 1.07) <0.001 0.57 (0.13, 1.02) 0.019 0.679
Absent 349 (53.12%) 11 (17.19%) 142 (50.35%) 5 (23.81%)
Present 308 (46.88%) 53 (82.81%) 140 (49.65%) 16 (76.19%)

Lympho-vascular invasion 0.84 (0.58, 1.10) <0.001 1.14 (0.68, 1.61) <0.001 0.837
Absent 332 (50.08%) 9 (14.06%) 139 (49.12%) 1 (5.00%)
Present 331 (49.92%) 55 (85.94%) 144 (50.88%) 19 (95.00%)

Perineural infiltration 0.54 (0.28, 0.80) <0.001 0.64 (0.19, 1.10) 0.009 0.982
Absent 363 (55.34%) 19 (29.69%) 155 (54.96%) 5 (25.00%)
Present 293 (44.66%) 45 (70.31%) 127 (45.04%) 15 (75.00%)

Age 0.02 (-0.13, 0.17) 0.801 0.37 (0.13, 0.60) 0.003 0.081
≤60 318 (47.89%) 108 (48.87%) 154 (54.23%) 68 (71.58%)
>60 346 (52.11%) 113 (51.13%) 130 (45.77%) 27 (28.42%)

CEA 0.36 (0.21, 0.51) <0.001 0.39 (0.16, 0.63) <0.001 0.393
Negative(<5.2 ng/ml) 578 (87.05%) 161 (72.85%) 243 (85.56%) 66 (69.47%)
Positive(≥5.2 ng/ml) 86 (12.95%) 60 (27.15%) 41 (14.44%) 29 (30.53%)

CA50 0.51 (0.35, 0.66) <0.001 0.35 (0.11, 0.58) 0.001 0.758
Negative(<25 U/ml) 630 (94.88%) 171 (78.08%) 264 (92.96%) 75 (81.52%)
Positive(≥25 U/ml) 34 (5.12%) 48 (21.92%) 20 (7.04%) 17 (18.48%)

CA125 0.73 (0.53, 0.93) <0.001 0.73 (0.45, 1.01) <0.001 0.123
Negative(<35 U/ml) 642 (96.69%) 84 (71.79%) 282 (99.30%) 48 (77.42%)
Positive(≥35 U/ml) 22 (3.31%) 33 (28.21%) 2 (0.70%) 14 (22.58%)

CA72-4 0.64 (0.48, 0.80) <0.001 0.47 (0.23, 0.71) <0.001 0.626
Negative(<6.9 U/ml) 556 (83.73%) 122 (55.71%) 236 (83.10%) 59 (62.77%)
Positive(≥6.9 U/ml) 108 (16.27%) 97 (44.29%) 48 (16.90%) 35 (37.23%)

CA242 0.46 (0.30, 0.61) <0.001 0.36 (0.12, 0.59) 0.001 0.281
Negative(<20 U/ml) 615 (92.62%) 167 (76.61%) 255 (89.79%) 72 (76.60%)
Positive(≥20 U/ml) 49 (7.38%) 51 (23.39%) 29 (10.21%) 22 (23.40%)

Diameter 0.73 (0.47, 0.99) <0.001 0.57 (0.11, 1.02) 0.048 0.344
<2cm 186 (28.01%) 2 (3.12%) 69 (24.30%) 1 (5.00%)
≥2cm 478 (71.99%) 62 (96.88%) 215 (75.70%) 19 (95.00%)

CA19-9 0.43 (0.27, 0.58) <0.001 0.45 (0.21, 0.68) <0.001 0.814
Negative(<27 U/ml) 561 (84.49%) 147 (66.52%) 239 (84.15%) 62 (65.26%)
Positive(≥27 U/ml) 103 (15.51%) 74 (33.48%) 45 (15.85%) 33 (34.74%)
June 2022 | Volume 12 | Article
PD, peritoneal dissemination. cT satge (clinical T stage), depth of invasion. cN stage (clinical N stage), lymphatic metastasis. Standardize diff., standard difference. P*, the difference
between the training cohort and the validation cohort.
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ROC Curve of Significant Risk Factors
ROC curves were drawn to show the correlation between the risk
of PD and tumor markers (CEA, CA125, CA72-4, CA19-9,
CA242 and CA50) in GC patients (Figure 2A). The AUC of
CA125 was 0.785 (95% CI: 0.738–0.833) with specificity and
sensitivity values of 67.02% and 79.5%, respectively. The AUC of
CA72-4 was 0.704 (95% CI: 0.663–0.745) with specificity and
sensitivity values of 78.6% and 52.5%, respectively. The AUC of
the combined factors was 0.931 (95% CI: 0.900–0.960) with
specificity and sensitivity values of 82.2% and 90.5%,
respectively, demonstrating good consistency and reliability in
the predictive value of PD (Figure 2B). According to the ROC
analysis for continuous predictors, the optimum cutoff values of
CA125 and CA72-4 were 12.29 U/ml and 4.81 U/ml,
respectively. By calculating and comparing their diagnostic
value, we found that use of the optimal boundary value can
significantly improve the sensitivity of PD diagnosis.
Frontiers in Oncology | www.frontiersin.org 5
The Construction of Nomogram for
Predicting PD of GC
Based on these risk factors of PD incidence, a nomogram was
further constructed (Figure 3). For each patient, points were
based on the score of these clinicopathological risk factors on the
underlying scale (clinical T stage and tumor markers of CA125
and CA72-4). By adding the points of each variable on the score
scale, the total points projected to the bottom scale represent the
probability of PD. The total score was 137 points as calculated
from the nomogram with a probability of PD in GC of 69–80%.
The concordance index (C-index) in the nomogram was 0.931
(95% CI: 0.900–0.960) with a sensitivity and specificity of 82.6%
and 74.5%, respectively, indicating high accuracy and sensitivity
of the prediction model (Figure 2B).

In addition, compared with previous studies, we also found
that the C-index of our prediction model was significantly higher
than that of previous studies. Zheng Z et al. constructed a
TABLE 2 | Logistic regression analysis of the risk factors for peritoneal dissemination.

univariate analysis multivariate analysis

OR (95%CI) P value OR (95%CI) P value

Gender 0.94 (0.68, 1.30) 0.7206 / /
Age (years) 0.96 (0.71, 1.30) 0.8012 / /
Diameter (cm) 12.06 (2.92, 49.82) 0.0006 0.810 (0.136, 4.828) 0.363
Depth of invasion 14.55 (4.52, 46.86) <0.0001 9.233 (1.073, 79.49) 0.043
Lymphatic metastasis 5.89 (2.87, 12.12) <0.0001 1.983 (0.624, 6.305) 0.246
CEA (ng/mL) 2.50 (1.72, 3.64) <0.0001 1.037 (0.295, 3.646) 0.681
CA125 (U/ml) 11.46 (6.38, 20.59) <0.0001 4.582 (2.526, 8.312) <0.0001
CA72-4 (U/mL) 4.09 (2.92, 5.73) <0.0001 4.674 (2.673, 8.173) <0.0001
CA19-9 (U/mL) 2.74 (1.93, 3.89) <0.0001 0.356 (0.041, 3.050) 0.346
CA50 (U/mL) 5.20 (3.25, 8.33) <0.0001 1.746 (0.265, 11.502) 0.562
CA242 (U/mL) 3.83 (2.50, 5.88) <0.0001 1.573 (0.536, 4.613) 0.409
June 2022 | Volume 12 | Article
OR, odds ratio; 95% CI, confidence interval.
A B

FIGURE 2 | Receiver operating curve (ROC) curves of independent risk factors. (A) ROC curve of the important risk factors, including 6 serum tumor markers
(CA125, CA724, CA242, CEA, CA199 and CA50). (B) ROC curve of the multivariate logistic regression model (AUC of the curve was 0.931, 95% CI: 0.900–0.960).
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nomogram of patients with early gastric cancer (EGC) based on
age, depth of invasion, tumor differentiation and ulcer presence,
with an AUC of 0.860 (95%CI: 0.809-0.912) (22). Ahmad et al.
predicted the incidence of lymph node metastasis in EGC
patients based on lympho-vascular infiltration and depth of
invasion, and the AUC value was 0.684 (95%CI: 0.648-0.746)
(23). Similarly, Holscher and Li Hua et al. also constructed a
prediction model for lymph node metastasis in early gastric
cancer patients, with AUC values of 0.738 (95%CI: 0.673-0.785)
and 0.795 (95%CI: 0.723-0.858), respectively (24, 25). The results
show that the current model has high prediction accuracy.
Therefore, we have good reason to believe that this predictive
model will contribute to the prognosis assessment and optimal
treatment strategies of patients with gastric cancer.

In addition, a calibration plot was drawn to verify the
accuracy of the prediction model (Figure 4). The x-coordinate
is the predicted incidence of PD events, and the y-coordinate is
the actual prediction of PD. The solid line (black) is the reference
line and indicates that the predicted value is equal to the actual
value. The dashed line (red) represents the actual nomogram
curve fitting line, whereas the dashed line (blue) represents the
95% CI. The black solid line was close to the red dotted line,
indicating the good predictive ability of this model.
FIGURE 3 | A nomogram composed of the independent risk factors to predict the probability of peritoneal dissemination for patients with gastric cancer. The
risk value of PD was calculated by drawing a vertical line to the point to the axis on each of the variables. Add the points of each variable and locate them on the
total point line, and then the individual predictive value for PD was obtained by projecting the vertical line from the total point line to the bottom scale of the
prediction probability.
Frontiers in Oncology | www.frontiersin.org 6
FIGURE 4 | Calibration plot of the nomogram model. The solid line (black) is
the reference line and indicates that the predicted value is equal to the actual
value. The dashed line (red) represents the actual nomogram curve fitting line,
whereas the dashed line (blue) represents the 95% CI.
June 2022 | Volume 12 | Article 844786
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DISCUSSION

As one of most commonly observed malignant tumors, gastric
cancer patients with peritoneal dissemination tend to have a poor
prognosis, with a median survival of 4 months, and 5-year
survival rate is only 2% (10, 11). GC patients with peritoneal
dissemination cannot receive radical surgery. Therefore, the
accurate prediction of PD is of great significance in developing
optimal treatment strategies for GC patients.

At present, imaging examination plays an indispensable role
in screening and diagnosis in tumor disease. Although specificity
and accuracy are high, the sensitivity is relatively low. In a
retrospective analysis of 498 patients, Kim et al. (26) showed
that the specificity and sensitivity of preoperative computed
tomography (CT) for the diagnosis of PD were 98.9%(440 of
445) and 28.3%(15 of 53), respectively. In addition, Kayaalp et al.
(27) evaluated preoperative peritoneal metastases in 118 patients
with GC compared with the surgical results, and found that the
sensitivity of CT in PD diagnosis was only 13%. The detection
sensitivity of CT to PD detection was affected by the size of
nodules. Nodules smaller than 0.5 cm show only 11% sensitivity
on CT, leading to a high rate of missed diagnosis (17).
Laparoscopic exploration is highly accurate in the diagnosis of
PD, but it is an invasive procedure.

Serum tumor markers are important pathological factors for
the clinical diagnosis and prognostic evaluation of tumors, and
are widely accepted as convenient and quick methods. In recent
years, many studies have confirmed that serum tumor markers,
particularly CEA, CA125, CA19-9 and CA72-4, have important
value in the diagnosis and progress monitoring of
gastrointestinal malignancies. However, the sensitivity of
individual tumor markers was not satisfactory (19, 28, 29).
Previous studies have used a variety of biomarker
combinations to improve the sensitivity of GC diagnosis. Yang
AP et al. (30) reported that the sensitivities for GC diagnosis of
CA125, CA19–9, CA72–4 and CEA were 38.7%, 31.1%, 33.0%
and 25.5%, respectively. However, the sensitivity increased to
66.0% when the four serum markers were used in combination.
Shigenobu Emoto et al. (19) reported a similar result. Specifically,
the sensitivities of CA125, CA19–9, CA72–4 and CEA were
36.3%, 46.1%, 44.9% and 18.6%, respectively. The sensitivity was
78.4% for the combination of all 4 markers. In view of this
finding, we aimed to identify a simple, highly sensitive and
noninvasive prediction method.

In this study, we investigated the value of clinicopathological
features and serum tumor markers as diagnostic markers of PD
in gastric cancer. The risk factors associated with PD were
assessed by logistic regression analysis. Multivariate analysis
illustrated that depth of invasion and CA125 and CA72-4
serum markers were independent risk factors for PD. CA125,
also known as MUC16, is a glycoprotein antigen of
transmembrane mucin that is associated with many malignant
tumors with poorer prognosis. Previous studies have shown that
CA125 is a powerful predictor of PD in GC patients and has a
high sensitivity (19, 31–33). CA72–4 is a high molecular weight
glycoprotein antigen with elevated expression in many cancers
Frontiers in Oncology | www.frontiersin.org 7
and has high specificity for GC diagnosis (34–37). In a
retrospective clinical study of 102 patients with peritoneal
dissemination undergoing chemotherapy, CA72–4 was found
to be second only to CA125 in sensitivity as a marker for
peritoneal dissemination (19). In addition, Tong et al. (38)
verified that CA72-4 is an independent risk factor for
prognosis and can be used to predict TNM staging in locally
advanced GC patients undergoing radical resection.

In recent years, nomogram has been widely used in diagnosis
and prediction of various cancers (39–41). Compared to the
traditional TNM staging system, nomograms provide more
accurate information for the description of lesions. In this
study, a nomogram based on clinicopathological factors
(tumor size, TNM stage, vascular cancer embolus status, lymph
node and nerve invasion status) and tumor marker level has
predictive effect on PD. First, we use the ROC curve to determine
the optimum cutoff values. Then, a nomogram was constructed
according to the related risk factors for PD. In addition, ROC
curve and calibration plot were drawn to verify the accuracy of
this prediction model. The C-index of our prediction model is
0.931, which is significantly higher than some previous
prediction models (22–25), indicated a better prediction
accuracy for PD in GC. Therefore, the nomogram constructed
in our study can effectively predict incidence of PD in gastric
cancer patients. Through which surgeons could make more
accurate preoperative diagnoses and optimal treatment
strategies for GC patients.

However, there are several limitations to our study. First, it
was a retrospective study conducted at a single center, and the
sample size was not large enough. Thus, some bias potentially
occurred during the analysis. Second, blood levels of the tumor-
related inflammatory markers, such as serum neutrophils,
lymphocytes, platelets and C-reactive protein were not
included in this study. Furthermore, there was no correlation
analysis of the prognostic profiles in our study.

In conclusion, the nomogram presented in this study provides
an efficient and reliable prediction model for the incidence of PD
in gastric cancer patients undergoing radical resection. It is
hoped hope that our predictive model can provide a useful tool
for the prognosis assessment and personalized treatment
selection of GC patients.
CONCLUSION

In this study, clinical pathological features and preoperative serum
tumor markers were used to predict the incidence of PD in gastric
cancer patients, and to establish a risk assessment model for GC.
The results showed that CA125 > 12.29 U/ml and CA72-4 > 4.81 U/
ml were risk factors for PD. The predictionmodel constructed based
on preoperative tumor invasion and CA125 and CA72–4 serum
markers exhibit high specificity and accuracy for the incidence of
PD. We expect that the results of our study can provide clinical
value for the preoperative evaluation of GC patients and the
selection of individualized treatment for GC patients.
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