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Background: The purpose of this study was to explore the clinical significance of circulating tumor cells (CTCs) and cytokines in
peripheral blood in preoperative prediction of peritoneal metastasis (PM) in advanced gastric cancer (AGC).

Methods: The clinicopathological characteristics of 282 patients with AGC were retrospectively analyzed. The patients were divided
into training and validation groups according to the time of receiving treatment. We used univariate analysis and multivariate logistic
regression analysis to screen out the independent risk factors of PM in AGC. Then, we incorporated independent risk factors into the
nomogram, and evaluated the discriminative ability.

Results: The levels of CTCs and interleukin-6 (IL-6) of AGC patients with PM were higher than those without PM (P<0.05).
Moreover, the levels of CTCs and IL-6 in the occult peritoneal metastasis (OPM) group and the CT-positive PM group were higher
than those in the negative PM (P<0.05). Multivariate logistic regression analysis showed that IL-6 > 12.22 pg/mL, CTCs > 4/5mL,
CA724 > 6 ITU/mL, CA125 > 35 U/mL and tumor size > 5 cm were independent risk factors for PM of AGC. The area under the ROC
curve of the nomogram were 0.898 and 0.926 in the training and validation sets, respectively. The clinical decision curve showed that
the nomogram had good clinical utility.

Conclusion: CTCs and IL-6 in peripheral blood are promising biomarkers for predicting the risk of PM in AGC. The nomogram
constructed from five risk factors can effectively assess the risk of PM in AGC patients individually.
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Introduction

Gastric cancer is the fifth most common malignancy and the third leading cause of cancer death worldwide.' Peritoneal
metastasis is the common way of distant metastasis of gastric cancer and the main cause of poor prognosis. Previous
studies have shown that the median survival time of peritoneal metastases is only 3—6 months.>* Once a patient is
diagnosed with peritoneal metastases, traditional gastrectomy and regional lymph node dissection will no longer be the
optimal treatment options.” Recent studies have shown that hyperthermic intraperitoneal chemotherapy (HIPEC) +
cytoreductive surgery (CRS), conversion therapy and targeted therapy can improve the prognosis of gastric cancer
patients with peritoneal metastasis, and even some patients with early peritoneal metastasis have the opportunity of
surgical resection after comprehensive treatment. Therefore, early and accurate diagnosis of peritoneal metastases is
essential to formulate the optimal treatment plan and avoid unnecessary surgery.®’

CT scans are routine examinations for the clinical diagnosis of peritoneal metastases.'® CT scans mainly diagnosed
peritoneal metastasis by imaging features such as omental cake, massive ascites, peritoneal thickening, and nodular
signal enhancement. However, these manifestations are usually seen in the late stage of peritoneal metastases, which
makes tiny metastases easily missed.!' Previous studies have shown that the sensitivity of CT for diagnosing peritoneal
metastases is only 25%—50%.'%'* Therefore, about 10% ~ 30% of advanced gastric cancer patients have no signs of
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peritoneal metastasis on preoperative CT examination, but they are diagnosed with positive peritoneal metastasis during
surgery, which is clinically called occult peritoneal metastasis (OPM).'*'> Positron emission tomography/computed
tomography (PET/CT) has been favored by clinicians because of its sensitivity in detecting distant metastases of organs.
However, there are significant differences in FDG uptake among different histological types of gastric cancer, such as
signet ring cell carcinoma and mucinous adenocarcinoma have very low uptake of FDG.'® Therefore, these deficiencies,
such as inaccurate localization of lesions, high false-negative rate due to inconsistent tumor uptake of FDG and high cost,
limit the clinical application of PET-CT. Laparoscopy plus pathological biopsy is the gold standard for diagnosing
peritoneal metastases.'® Clinicians are controversial about the widespread use of laparoscopy in the detection of
peritoneal metastases due to its associated surgical complications, mental and physical trauma, and high cost.'”'®
Therefore, a non-invasive and accurate method for preoperative prediction of peritoneal metastasis is urgently needed.

Circulating tumor cells (CTCs) are defined as tumor cells that shed from primary or metastatic foci into the blood
circulation during tumor formation and progression, and have the potential to develop into metastatic lesions.'” The
detection of CTCs in peripheral blood is one of the methods of liquid biopsy, which has important value in the early
detection of cancer, evaluation of therapeutic efficacy and prognosis.?> 2> Currently, CTCs have been approved by the
FDA as biomarkers for monitoring the prognosis of patients with breast, prostate, and colorectal cancer.”> However, it
remains unclear whether CTCs in peripheral blood are associated with peritoneal metastasis of gastric cancer. In addition,
cytokines, as signaling and effector molecules, play an important role in the tumor microenvironment (TME).**
Cytokines are of great value in regulating complex systems of pro-tumor and anti-tumor.> At present, some studies
have confirmed that cytokines are closely related to the occurrence, invasion, metastasis and prognosis of gastric
cancer.’*?’ However, there are few studies on the relationship between cytokines in peripheral blood and peritoneal
metastasis in patients with gastric cancer. Therefore, the purpose of our study was to explore the correlation between
CTCs and cytokines in peripheral blood and peritoneal metastasis of gastric cancer, and to construct a nomogram that
preoperatively predicts peritoneal metastasis of gastric cancer, which can help to formulate the best treatment plan in
clinic.

Materials and Methods

Patients

A total of 282 patients with AGC who were treated in the Second Affiliated Hospital of Nanchang University from
May 2020 to June 2022 were selected for this retrospective study. Patients treated between May 2020 and
December 2021 served as the training set (n=215), and those treated between January 2022 and June 2022 served as
the validation set (n=67). Inclusion criteria: 1. Patients with postoperative pathological diagnosis of advanced gastric
cancer or peritoneal metastasis, or patients with peritoneal metastasis diagnosed by a multidisciplinary team; 2.
Peripheral blood tests, CTCs, and cytokine detection were performed before receiving any treatment. Exclusion criteria:
1. The postoperative pathological diagnosis is early gastric cancer, because the possibility of peritoneal metastasis in
early gastric cancer is very low; 2. Gastric stump cancer, combined with other tumors, or distant metastasis found in other
organs (except peritoneal metastasis); 3. Receive neoadjuvant chemoradiotherapy or targeted therapy; 4. Patients with
infection at admission; 5. Patients with blood system diseases, or combined with liver, kidney and heart dysfunction; 6.
Incomplete clinical data and examination.

Diagnosis of Peritoneal Metastasis

All the patients in this study received enhanced CT scans or PET-CT scans. When a patient’s examination report
suspected peritoneal metastases, our multidisciplinary team (MDT) conducted a case discussion. If the multidisciplinary
team believed that there was sufficient evidence of peritoneal metastasis, the diagnosis was made directly; conversely, if
the evidence was insufficient, laparoscopy and pathological biopsy were performed. When the patient’s CT showed no
signs of peritoneal metastasis, the surgeon performed laparoscopy, peritoneal lavage and exfoliative cytology. If there
were no macroscopic metastases during the operation, gastrectomy and regional lymph node dissection would be

performed.
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Clinicopathologic Characteristics

Clinicopathological characteristics of patients were obtained from the hospital’s electronic health record system. Clinical
data mainly include: gender, age, history of hypertension, history of diabetes, and body mass index (BMI). In addition,
blood test indexes such as tumor markers, albumin, fibrinogen and inflammatory markers were collected when patients
did not receive any treatment at admission. The levels of inflammatory markers were divided into high and low groups
according to the best cut-off value of the ROC curve. The levels of CEA, CA125, CA199 and CA724 in this research
center were considered abnormal when they were above 5.0 ng/mL, 37.0 U/mL, 35.0 U/mL and 6 IU/mL, respectively.
The location, maximum diameter and Borrmann type of the tumor were determined according to the results of the
gastroscopy. The tumor location was divided into upper 1/3, middle 1/3 and lower 1/3 of stomach. The tumors were
divided into two groups based on the maximum diameter of 5 cm. According to the pathological results, the histological
types were divided into: high and moderately differentiated adenocarcinoma group, poorly differentiated adenocarcinoma
group, signet ring cell carcinoma and undifferentiated carcinoma group.

The Detection of CTCs

SmL peripheral blood sample was taken before the patient received any treatment, and blood samples were tested within
8 hours to minimize cell damage. In this study, we used the detection technology of the Cyttel platform, which uses
immunomagnetic bead negative enrichment combined with immunofluorescence in situ hybridization (im-FISH) to
detect CTCs count. The experimental methods for CTCs detection are as follows: 1. Negative enrichment operation.
We performed plasma separation, lysis of red blood cells, and specific removal of leukocytes by immunomagnetic beads
on peripheral blood samples, so as to preserve the rarest cells in the peripheral blood samples. 2. Immunofluorescence
in situ hybridization (im-FISH) operation. CTCs were identified by the characteristics of high-frequency chromosomal
aneuploidy and CD45-negative in tumor cells. The enriched rare cells were hybridized with fluorescent probes of
chromosomes 8 and 17, stained with CD45, and counterstained with DAPI. Finally, the circulating tumor cells were
observed and counted under fluorescence microscopy. If the observed cells have characteristics such as CD45-, DAPI+
and chromosome 8 or 17 fluorescent probe signal point =3, they are identified as CTCs (Figure 1). Compared with
antigen-dependent methods, this detection technique can avoid false positives caused by epithelial-mesenchymal transi-
tion (EMT) in some normal cells, and effectively improve the detection rate of CTCs.

Cytokine Assays

2mL peripheral blood sample was taken before the patient received any treatment. In this study, the levels of 12 cytokines
(IL-5, IFN-a, IL-2, IL-6, IL-1 B, IL-10, IFN-y, IL-8, IL-17, IL-4, IL-12P70, TNF-a) in peripheral blood were measured
by flow cytometry. The twelve cytokine assay kits used in the study were purchased from Qingdao Raisecare
Biotechnology Company. We strictly followed the instructions of the kits during the experiment. The experimental
methods were as follows: 1. Prepared matrix B, experimental buffer and different final concentrations of standard
products; 2. Added the diluted sample, capture microsphere antibody, detection antibody and SA-PE to the standard
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Figure | CTCs were detected by negative enrichment combined with immunofluorescence in situ hybridization (im-FISH). CTCs have characteristics such as CD45-, DAPI+
and chromosome 8 or 17 fluorescent probe signal point = 3.
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product in turn, and incubated in the dark; 3. Resuspended the microspheres by vortexing; 4. We used a flow cytometer
for detection, and calculated the level of cytokines according to the standard curve.

Statistical Analysis

For continuous variables, we first used single sample K-S test for normality test. If the data conformed to a normal
distribution, it was described by the mean and standard deviation, and the data were analyzed by the #-test. Otherwise,
they were described by the median and interquartile range, and the data were analyzed by the Mann—Whitney U-test. The
categorical variables were described with rates, the Chi square test (or Fisher’s exact test in specific conditions) was used
for data analysis. The random forest algorithm was used to rank the importance of meaningful variables in univariate
analysis. Random forest algorithm is one of the ways of machine learning, which is a supervised learning method and can
be regarded as an extension of decision tree. In the random forest algorithm, the greater the Mean Decrease Accuracy of
the variable, the greater the importance. These variables that were significant in the univariate analysis were included in
multivariate logistic analysis. We used the stepwise backward regression method to analyze the risk factors of peritoneal
metastasis of advanced gastric cancer. A nomogram was constructed according to the results of the multivariate logistic
regression analysis. The C-index, ROC curve and PR curve were used to evaluate the predictive ability of the nomogram.
The calibration curve and Brier score were used as indicators to evaluate the internal calibration, and the Hosmer-
Lemeshow test was used to evaluate the goodness of fit of the nomogram. In addition, in order to measure the clinical
utility of the nomogram, the net benefit was measured by the clinical decision curve. Finally, 100 times 10-fold cross-
validation was used for internal validation, and the performance of the model was evaluated by area under the ROC curve
(AUC), goodness of fit (R-Squared), discrimination index (D) and Brier score. Data analysis was performed in the
R language (version 4.1.1). In all statistical analyses, P values (two-sided) < 0.05 were considered statistically significant.

Results

Patient Characteristics
The clinicopathological characteristics of the patients are shown in Table 1. Among the 282 patients with AGC, 87
(30.9%) were diagnosed as PM positive. In the training set (n=215), 72 (33.5%) cases were complicated with peritoneal
metastasis. All 72 patients with peritoneal metastases received whole-abdominal enhanced CT scans before surgery. 37
patients with peritoneal metastases were diagnosed by CT scans, and the detection rate of CT scans was only 51.4%.
Another 35 patients showed no signs of peritoneal metastases on preoperative CT scans, they were finally diagnosed with
peritoneal metastases by laparoscopy and pathological biopsy. Of which 1 (1/35) patients had no macroscopic lesions
under laparoscopy, but abdominal exfoliation cytology was positive. The incidence of occult peritoneal metastases was
16.3%. In the validation set (n=67), 15 (22.4%) cases were PM positive, of which 6 (9.0%) cases were OPM positive.
In the training set, the median age of the patients was 66.0 years, and the interquartile range was 58.0—72.0 years. The
maximum diameter of tumor under endoscope was less than 5 cm in 54.9% of patients. The tumors usually occurred in
the lower third of the stomach, the most common type was Borrmann type III (invasive ulcer type). The histological type
was poorly differentiated adenocarcinoma in 51.6% of patients. The pathological TNM stages of 215 patients with
advanced gastric cancer were as follows: 10 cases of stage I, 45 cases of stage II, and 88 cases of stage III, including 39
cases of stage II1A, 30 cases of stage IIIB, 19 cases of stage IIIC, and stage IV with peritoneal metastasis 72 cases.

Association of CTCs and Cytokines with Peritoneal Metastasis

CTCs were detected in peripheral blood in 245 of 282 patients with AGC, and the detection rate of CTCs was 86.9%. In
the training set (n=215), 184 (85.6%) patients detected CTCs in peripheral blood. The other 31 patients were negative for
CTCs in peripheral blood, including 22 patients with negative peritoneal metastasis, 6 patients with occult peritoneal
metastasis (OPM), and the remaining 3 patients with positive peritoneal metastasis diagnosed by preoperative CT. In the
validation set (n=67), 61 cases (91.0%) were positive for CTCs and 6 cases were negative for CTCs, all of which were
negative for peritoneal metastasis. The counts of CTCs in gastric cancer with peritoneal metastasis were higher than
those without peritoneal metastasis in the training set (P=0.008) (Table 1, Figure 2A). According to the cutoff value of
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Table | Univariate Analysis of Preoperative Clinicopathological Factors
Variables Training Set (n=215) P value Validation Set (n=67) P value
PM () PM (+) PM () PM (+)
N 143 72 52 15
Number of CTCs (median [IQR]) | 2.00 [1.00, 3.00] 3.00 [2.00, 4.00] 0.008 2.00 [1.00, 3.00] 4.00 [3.00, 5.00] 0.002
IL-6 (pg/mL) (median [IQR]) 4.16 [1.82, 7.99] 7.15[3.24, 16.56] | 0.002 7.36 [3.08, 11.04] | 13.42 [6.18, 30.80] | 0.009
IL-5 (pg/mL) (median [IQR]) 2.12[1.32, 2.58] 2.16 [1.32, 3.00] 0.597 223 [1.42, 3.12] 2.84 [2.18, 4.55] 0.140
IFNa (pg/mL) (median [IQR]) 2.03 [1.20, 3.76] 221 [1.20, 3.66] 0.667 221 [1.32, 4.51] 3.06 [1.94, 4.51] 0.366
IL-2 (pg/mL) (median [IQR]) 1.81 [1.20,2.76] | 207 [I.18,3.41] | 0.221 1.74 [1.12, 2.19] | 1.96 [1.30, 4.19] 0.177
IL-1B (pg/mL) (median [IQR]) 3.25[1.90, 10.19] | 5.88 [3.04, 12.05] | 0.011 3.84 [3.04, 11.19] | 7.98 [4.83, |1.64] 0.144
IL-10 (pg/mL) (median [IQR]) 1.74 [1.32, 2.99] 1.86 [1.37, 2.74] 0.876 1.44 [1.35, 2.56] 1.76 [1.41, 3.24] 0.362
INFy (pg/mL) (median [IQR]) 6.50 [2.02, 15.48] | 7.46 [2.02, 15.46] | 0.537 7.32[2.02, 1991] | 841 [1.84, 13.88] 0.827
IL-8 (pg/mL) (median [IQR]) 4.24 [2.05, 9.29] 5.40 [2.71, 12.47] | 0.040 4.24 [2.09, 13.30] | 7.58 [1.90, 15.11] 0.758
IL-17 (pg/mL) (median [IQR]) 2.07 [1.56, 3.72] 234 [1.51, 5.32] 0.433 1.93 [1.54, 3.56] 2.43 [1.96, 6.47] 0.193
IL-4 (pg/mL) (median [IQR]) 1.32 [0.88, 2.50] 1.48 [0.89, 2.28] 0.909 0.98 [0.88, 2.37] 1.55 [1.04, 2.49] 0.142
IL-12P70 (pg/mL) (median [IQR]) 1.49 [1.20, 2.13] 1.70 [1.20, 2.35] 0.359 1.56 [1.16, 1.88] 1.69 [1.25, 2.74] 0412
TNFa (pg/mL) (median [IQR]) 2.46 [1.72, 5.38] 2.72 [1.40, 5.76] 0.994 2.08 [1.80, 4.79] 329 [1.81, 7.97] 0.198
Sex (%) 1.000 0.254
Male 96 (67.1) 49 (68.1) 35 (67.3) 13 (86.7)
Female 47 (32.9) 23 (31.9) 17 (32.7) 2 (133)
Age (%) 0.060 0.614
<40 32.0) 5 (6.9) - -
40~60 39 (27.3) 26 (36.1) 15 (28.8) 6 (40.0)
>60 101 (70.6) 41 (56.9) 37 (71.2) 9 (60.0)
Diabetes (%) 0.783 0.928
No 130 (90.9) 67 (93.1) 51 (98.1) 14 (93.3)
Yes 13 (9.1) 5 (6.9) 1 (1.9) 1 (6.7)
Hypertension (%) 0.825 0.120
No 120 (83.9) 62 (86.1) 41 (78.8) 15 (100.0)
Yes 23 (l6.1) 10 (13.9) 11 (21.2) 0 (0.0
Location (%) 0.072 0.085
Lower third 57 (39.9) 36 (50.0) 23 (44.2) 6 (40.0)
Middle third 39 (27.3) 23 (31.9) 14 (26.9) 8(53.3)
Upper third 47 (32.9) 13 (18.1) 15 (28.8) 1 (6.7)
Borrmann type (%) 0.066 0.005
| 15 (10.5) 13 (18.1) 6 (11.5) 0 (0.0
I 48 (33.6) 13 (18.1) 22 (42.3) 2 (133)
n 65 (45.5) 35 (48.6) 24 (46.2) I'1(73.3)
v 15 (10.5) I (15.3) 0 (0.0 2 (133)
Difference (%) 0.006 0.347
High and middle 57 (39.9) 13 (18.1) 20 (38.5) 3 (20.0)
Poorly 66 (46.2) 45 (62.5) 19 (36.5) 6 (40.0)
Signet ring cell and 20 (14.0) 14 (19.4) 13 (25.0) 6 (40.0)
undifferentiated carcinoma
Size (%) <0.001 <0.001
<5cm 97 (67.8) 21 (29.2) 44 (84.6) 4 (26.7)
>5 cm 46 (32.2) 51 (70.8) 8 (15.4) Il (73.3)
BMI (%) 0.045 0.102
<185 22 (15.4) 20 (27.8) 6 (11.5) 2 (133)
18.5~23.9 84 (58.7) 41 (56.9) 28 (53.8) 12 (80.0)
>239 37 (25.9) 11 (15.3) 18 (34.6) I (6.7)
(Continued)
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Table 1 (Continued).

Variables Training Set (n=215) P value Validation Set (n=67) P value
PM (-) PM (+) PM (-) PM (¥)

Fib (%) 0.034 0.185

<3.6 g/l 79 (55.2) 28 (38.9) 33 (63.5) 6 (40.0)

>3.6 g/l 64 (44.8) 44 (61.1) 19 (36.5) 9 (60.0)

NLR (%) <0.001 0.010

<3.795 116 (81.1) 33 (45.8) 41 (78.8) 6 (40.0)

>3.795 27 (18.9) 39 (54.2) 11 (21.2) 9 (60.0)

PLR (%) <0.001 0.491

<211.222 99 (69.2) 29 (40.3) 35 (67.3) 8 (53.3)

>211.222 44 (30.8) 43 (59.7) 17 (32.7) 7 (46.7)

FAR (%) 0.006 0.151

<0.082 67 (46.9) 19 (26.4) 27 (51.9) 4 (26.7)

>0.082 76 (53.1) 53 (73.6) 25 (48.1) Il (73.3)

CEA (%) 0.060 0.055

<5.0 ng/mL 117 (81.8) 50 (69.4) 45 (86.5) 9 (60.0)

>5.0 ng/mL 26 (18.2) 22 (30.6) 7 (13.5) 6 (40.0)

CAI199 (%) 0.052 0.003

<37 U/mL 109 (76.2) 45 (62.5) 43 (82.7) 6 (40.0)

>37 U/mL 34 (23.8) 27 (37.5) 9(173) 9 (60.0)

CAI125 (%) <0.001 <0.001

<35 U/mL 135 (94.4) 33 (45.8) 47 (90.4) 5(33.3)

>35 U/mL 8 (5.6) 39 (54.2) 5 (9.6) 10 (66.7)

CA724 (%) <0.001 0.035

<6.0 IU/mL 117 (81.8) 35 (48.6) 41 (78.8) 7 (46.7)

>6.0 IlU/mL 26 (18.2) 37 (51.4) 11 (21.2) 8 (53.3)

Number of CTCs (%) 0.006 0.004

<4 133 (93.0) 57 (79.2) 47 (90.4) 8 (53.3)

>4 10 (7.0) 15 (20.8) 5 (9.6) 7 (46.7)

IL-6 (%) <0.001 0.006

<12.220 pg/mL 117 (81.8) 40 (55.6) 42 (80.8) 6 (40.0)

>12.220 pg/mL 26 (18.2) 32 (44.4) 10 (19.2) 9 (60.0)

IL-8 (%) 0.054 0.603

<4.365 pg/mL 75 (52.4) 27 (37.5) 27 (51.9) 6 (40.0)

>4.365 pg/mL 68 (47.6) 45 (62.5) 25 (48.1) 9 (60.0)

IL-1B (%) 0.005 0.026

<4.795 pg/mL 90 (62.9) 30 (41.7) 33 (63.5) 4 (26.7)

>4.795 pg/mL 53 (37.1) 42 (58.3) 19 (36.5) 11 (73.3)

the ROC curve, CTCs were divided into two groups with 4/5 mL as the boundary. 60% of patients with peritoneal
metastasis had a count of more than 4 CTCs in the peripheral blood (Figure 2B). In addition, the counts of CTCs in the
occult peritoneal metastasis group and the CT-positive peritoneal metastasis group were higher than those in the negative
peritoneal metastasis group (P<0.05), but there was no significant difference between the two groups (Figure 2C). The
CTCs count of stage IV combined with peritoneal metastasis was higher than that of stage I/II and stage IIIA (P<0.05),
but it was not significantly different from that of stage IIIB/IIIC, and the CTCs count of both stage IIIA and stage I1IB/
IIIC was also higher than that of stage I/I (P<0.05) (Figure 2D).

We analyzed 12 cytokines in peripheral blood, and the results showed that only 3 cytokines (IL-6, IL-1p and IL-8)
were different between the peritoneal metastasis group and the without peritoneal metastasis group (P<0.05) (Table 1)
(Figure 2). However, only the levels of IL-6 differed between PM-positive and PM-negative groups in the validation set.
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Figure 2 CTCs and three cytokines were different between gastric cancer patients with peritoneal metastasis and those without peritoneal metastasis in training set. (A, B,
E, F, I-L) The scatter plot and histogram of the distribution of CTCs, IL-6, IL-If and IL-8 in gastric cancer with peritoneal metastasis and without peritoneal metastasis.
(C and G) The scatter plot of CTCs and IL-6 distribution in gastric cancer with peritoneal metastasis, occult peritoneal metastasis (OPM) and non-peritoneal metastasis.
(D and H) The boxplots of CTC and ILé distribution in different TNM stages.

IL-6, IL-1P and IL-8 were classified into high and low groups according to the optimal cut-off values of the ROC curve,
which were 12.220 pg/mL, 4.365 pg/mL and 4.795 pg/mL, respectively. In addition, the levels of IL-6 in the occult
peritoneal metastasis group and CT-positive peritoneal metastasis group were higher than those in the negative peritoneal
metastasis group (P < 0.05), but there was no statistical difference between the two groups (Figure 2G). The level of IL-6
in stage IV with peritoneal metastasis was higher than that in stage I/II and stage III (P<0.05), and the level of IL-6 in
stage III was also higher than that in stage I/Il, but there was no statistical significance (Figure 2H).

Univariate and Multivariate Analyses

The correlations between the variables are shown in Figure 3A. Univariate analysis showed that 12 variables, including the
degree of differentiation, tumor size, BMI, fibrinogen, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), fibrinogen-to-albumin ratio (FAR), CA125, CA724, CTCs, IL-6 and IL-1p, were associated with peritoneal metastasis
of advanced gastric cancer (Table 1). The random forest algorithm was used to rank the importance of the above 12 variables,
and the results showed that the top four variables were CA125, CA724, CTCs and tumor size in order (Figure 3B).
Multivariate analysis showed that IL-6 > 12.220 pg/mL (OR=2.435, P=0.042), CTCs > 4/5 mL (OR=7.981, P<0.001),
CA724 > 6.000 IU/mL (OR=2.837, P =0.015), CA125 > 35.000 U/mL (OR=28.988, P<0.001) and tumor size > 5.000 cm
(OR=9.279, P<0.001) were independent risk factors for peritoneal metastasis of advanced gastric cancer (Table 2).

Development and Validation of the Nomogram
Based on the results of multivariate analysis, we constructed a nomogram for preoperatively predicting the risk of
peritoneal metastasis in advanced gastric cancer (Figure 4). Each variable in the nomogram was assigned a weighted
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Figure 3 (A) Correlation between variables. (B) The random forest algorithm ranks the importance of meaningful variables in univariate analysis. The greater the Mean
Decrease Accuracy of the variable, the greater the importance.

score, and the scores for each variable were summed to get the patient’s individualized total score. The higher the total
score, the higher the risk of peritoneal metastasis. The C-index of the nomogram was 0.898, the C-index after 1000
Bootstrap corrections was 0.888. The areas under the ROC curve in the training and validation sets were 0.898 and 0.926,
respectively (Figure 5A). The area under the PR curve was 0.840 (Figure 5B). These values indicated that the nomogram
had good discrimination ability. The P value of the Hosmer-Lemeshow test was 0.411, showing a good fit of the
nomogram. The calibration curve showed that the nomogram predicted the risk of peritoneal metastasis in good
agreement with the actual probability (Figure 6A). The Brier score was 0.112, suggesting that the model’s predictions
were well calibrated. The accuracy, sensitivity, specificity, positive predictive value and negative predictive value of the
nomogram were 82.33%, 85.31%, 76.39%, 87.77% and 72.37%, respectively. Additionally, we constructed Model2
based on variables (CA125, CA724, and tumor size) that previous studies had demonstrated to be associated with
peritoneal metastasis. ROC curve and clinical decision curve (DCA) showed that the prediction model had good clinical
practicability, and patients could obtain greater net benefit (Figure 6B and C).

We used 100 times 10-fold cross-validation for internal validation. The mean area under the ROC curve (AUC),
goodness of fit (R-Squared), discrimination index (D) and Brier score after validation were 0.887, 0.463, 0.396 and

Table 2 Multivariate Analysis of the Correlation Between Preoperative
Clinicopathological Factors and Peritoneal Metastasis of Gastric Cancer

Factors OR 95% CI P value
IL-6 (pg/mL) <12.220 Reference

>12.220 2.435 1.034-5.733 0.042
Number of CTCs <4.000 Reference

>4.000 7.981 2.560-24.879 <0.001
CA724 (IlU/mL) <6.000 Reference

>6.000 2.837 1.222-6.589 0.015
CAI25 (U/MI) <35.000 Reference

>35.000 28.988 9.450-88.926 <0.001
Size (cm) <5.000 Reference

>5.000 9.279 3.655-23.556 <0.001
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Figure 4 Construct a nomogram for predicting the risk of peritoneal metastasis of advanced gastric cancer in the training set. The scores for each variable were summed to
get the patient’s individualized total score. The higher the total score, the higher the risk of peritoneal metastasis (*P<0.05 and ***P<0.001).
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Figure 5 (A) The receiver operating characteristic curve (ROC) of the nomogram. (B) The PR curve of the nomogram.

0.122, respectively (Table 3). The discrimination index is above 0.40 points, which means that the discrimination ability
of the model is very excellent; Between 0.30-0.39, the discrimination ability is good. If it is less than 0.30, it means that
the model needs to be modified. The Brier score is a parameter that measures probabilistic calibration. The smaller the
value, the better the predictive calibration. After cross-verification, these metrics change little, which proves that the
model performs well enough and has good generalization ability.
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Discussion
Peritoneal metastasis is the most common way of distant metastasis of gastric cancer and the main cause of poor

prognosis. In this study, we constructed a nomogram model for predicting peritoneal metastasis based on CTCs and IL-6

in preoperative peripheral blood. The nomogram provides an easy-to-use, individualized and sensitive tool for clinical

Table 3 The Multi-Indicator Combined with 100 Times ten-Fold Cross-Validations Evaluates

the Nomogram

AUC Goodness of | Discrimination Brier Score
Fit (R2) Index (D)
Nomogram (before validation) 0.898 0.587 0.545 0.112
The average of model 0.887 0.463 0.396 0.122
validation
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diagnosis of peritoneal metastasis, which is helpful for early identification of peritoneal metastasis and making the best
individualized treatment plan.

As a liquid biopsy method for solid tumors, circulating tumor cell detection has attracted more and more attention due
to its advantages of high repeatability, non-invasiveness, and true reflection of tumor burden.’® In recent years,
circulating tumor cells in peripheral blood have been considered as promising biomarkers for early diagnosis, post-
operative recurrence and metastasis monitoring, efficacy evaluation, drug resistance monitoring, prognosis evaluation,
and immunosuppressive target detection of gastric cancer.’”**?® Joon et al confirmed that high levels of CTCs and
TWIST (+) CTCs in peripheral blood of gastric cancer patients were associated with poorer prognosis.?' In patients with
unresectable gastric cancer, high levels of CTCs before and during chemotherapy indicated poor OS, PFS and DC rates.*’
Mishima et al found that patients with advanced gastric cancer whose primary tumor was HER2- but CTCs HER2+ could
benefit from trastuzumab treatment.>* Yue et al’s study found that the level of CTCs with high PD-L1 expression could
be used as a predictive indicator for screening patients with PD-1/PD-L1 blockade therapy, and detecting the dynamic
changes of CTCs was helpful for early observation of treatment response.’' In this study, we found that the count of
CTCs in gastric cancer with peritoneal metastasis was higher than that in the group without peritoneal metastasis, and the
count of CTCs in the group with occult peritoneal metastasis was also higher than that in the group without peritoneal
metastasis, which is helpful for preoperative diagnosis of OPM. In addition, we also found that the later the TNM stage
of the tumor, the higher the count of CTCs in peripheral blood. The count of CTCs in patients with stage IV gastric
cancer was significantly higher than that in stage I/Il and IIIA, and the count of CTCs in patients with stage IIIA and
IIB/IIIC was also higher than that in stage I/II (P<0.05), but there was no significant difference between stage IV and
HIB/IIC, which may be related to the small sample size. Peritoneal metastasis is closely related to tumor infiltration
beyond the gastric serosa or later TNM stage. Therefore, we can reflect tumor burden and TNM stage by detecting CTCs
counts in peripheral blood of gastric cancer patients, which indirectly help us assess the risk of peritoneal metastasis.
Finally, the results showed that CTCs > 4/5 mL was an independent risk factor for peritoneal metastasis of advanced
gastric cancer.

The enrichment and identification of CTCs is a key step in the detection of CTCs. At present, these detection methods
can be roughly divided into antigen-dependent and antigen-independent methods. Antigen-dependent methods are mainly
based on the highly expressed antigens on the surface of CTC. According to the surface markers, they can be divided into
epithelial type (such as EpCAM, CK), interstitial type (vimentin, CD44 or TWIST) and mixed type. The main
characteristic of the antigen-independent method is that it does not depend on the expression of tumor cell-specific
markers and the physical properties of tumor cells. The representative technique is the negative enrichment technique.
Compared with antigen-dependent methods, this method can avoid false positives caused by high expression of these
markers in normal epithelial cells, and missed detection caused by loss of surface markers in CTCs undergoing EMT or
MET processes.”’ 2* In this study, we used negative enrichment combined with immuno-fluorescence in situ hybridiza-
tion (im-FISH) to detect CTCs in peripheral blood. The detection rate of CTCs was 86.9%. The detection rate of CTCs in

this study was significantly higher than that of previous studies using the CellSearch platform,**->

which may be related
to the improvement of detection technology and the inclusion of only advanced gastric cancer patients in the study.
Although this study has a high detection rate, there are still 37 patients with negative CTCs in peripheral blood, including
9 patients with peritoneal metastasis. The negative CTCs in peripheral blood of advanced gastric cancer may be related to
the high heterogeneity of gastric cancer, but the specific reason is still unclear and needs further study.

As signal and effector molecules, cytokines play an important role in determining T helper cell differentiation,
activating and regulating other immune cells. It can also regulate transcription factors and other intracellular signal
pathways to play a role in tumor growth and metastasis.”® Therefore, different cytokine expression patterns may be
associated with specific pathways of gastric cancer progression and different prognosis.”>*® Gunjigake et al found that
IL-17A could inhibit the expression of E-cadherin and increase the expression of a-SMA in peritoneal mesothelial cells
through the STATS pathway, thereby promoting peritoneal fibrosis and leading to peritoneal metastasis.”’ Epithelial-
mesenchymal transition (EMT) is a key step in the occurrence of peritoneal metastasis, and cytokines (IL-17A, IL-8,
TGF-B) and chemokines are important factors in the induction of EMT.?° In addition, cytokines produced locally by the
tumor may be released into the blood and can be detected in peripheral plasma. Norma et al found that the levels of IL-6,
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IFN-y, and IL-10 in peripheral blood of gastric cancer patients were higher than those of healthy controls.* In the study
of Kim et al, it was found that preoperative high IL-6 levels were associated with lymph node metastasis, late TNM
staging, postoperative recurrence and poor prognosis of gastric cancer.”” Li et al found that IL-6, IL-8 and TNF-a were
superior to traditional tumor markers in early detection of gastric cancer.*® In this study, we found that the median levels
of IL-6, IL-1P and IL-8 in the peritoneal metastasis group were higher than those in the non-peritoneal metastasis group,
and the IL-6 level in the occult peritoneal metastasis group was also higher than that in the advanced gastric cancer
group. IL-6 > 12.220 pg/mL is an independent risk factor for peritoneal metastasis of gastric cancer. In addition, our
study also confirmed that the preoperative high level of IL-6 was closely associated with the later TNM stage of gastric
cancer. The level of IL-6 in stage IV gastric cancer patients with peritoneal metastasis was significantly higher than that
in stage I/II and III (P<0.05). Therefore, preoperative detection of IL-6 levels in peripheral blood is helpful to accurately
predict the risk of peritoneal metastasis of gastric cancer.

Serum tumor markers are widely used in clinical diagnosis, prognosis evaluation and disease monitoring of gastro-
intestinal tumors. Huang et al found that preoperative high levels of CA125, CA199 and CA724 in gastric cancer patients
were closely related to peritoneal metastasis.>’ Yang et al found that elevated serum CA125 levels were significantly
associated with occult peritoneal metastases.’® However, Chen et al showed that preoperative CA199 and CEA levels
were completely unrelated to peritoneal metastasis.>® The results of Qin et al also showed that serum tumor markers
could not effectively predict peritoneal metastasis.* In this study, the results showed that the levels of CA125 and
CA724 in the peritoneal metastasis group were significantly higher than those in the non-peritoneal metastasis group.
CA125 was considered to be the most important variable in the importance ranking of the random forest algorithm. In
addition, the weight score assigned by CA125 in the nomogram was also the largest. Therefore, preoperative CA125 and
CA724 levels are effective indicators for predicting peritoneal metastasis of advanced gastric cancer.

In recent years, some studies have confirmed that tumor-related inflammation is closely related to the proliferation,
invasion, metastasis and prognosis of gastric cancer.*'** Zhao et al showed that decreased lymphocyte count in
peripheral blood was closely related to peritoneal metastasis.*> Chen et al showed that the preoperative platelet/
lymphocyte ratio (PLR) was an effective indicator for predicting peritoneal metastasis.”* Nakamura et al showed that
preoperative neutrophil/lymphocyte ratio (NLR) was an independent predictor of peritoneal metastasis.** In this study,
fibrinogen, NLR, and PLR were associated with peritoneal metastasis in univariate analysis, but they were not
independent risk factors for peritoneal metastasis in multivariate analysis. This result is somewhat different from
previous studies, which may be related to the inclusion of only advanced gastric cancer patients in this study.
Therefore, the role of inflammatory markers in predicting peritoneal metastasis of gastric cancer needs to be further
investigated.

Some previous studies have shown that some clinicopathological features of patients with gastric cancer were also
associated with peritoneal metastasis, such as Borrmann IV, tumor size (> 5 cm), signet ring cell carcinoma, undiffer-
entiated cancer, female and Lauren diffuse gastric cancer were independent risk factors for peritoneal metastasis.'>*>4¢
In this study, univariate analysis showed that the degree of differentiation and tumor size (>5 cm) were associated with
peritoneal metastasis, while multivariate analysis showed that only tumor size (>5 cm) was an independent predictor of
peritoneal metastasis. We suggest that the increased degree of tumor invasion may increase the probability of tumor cell
shedding from the primary tumor, thereby increasing the risk of peritoneal metastasis.

There are some limitations in this study. First of all, this study is a retrospective study with a small sample size, which
may have some selectivity bias. The prediction model is only validated internally, not externally, so it needs to be further
verified by multicenter big data research. Second, due to the small number of patients with occult peritoneal metastases in
this study, we did not construct a nomogram for predicting occult peritoneal metastases. Then, some clinical factors were
not included in this study, such as Lauren typing, tumor growth factor (TGF-f), circulating tumor microthrombi (CTM),
and molecular phenotype on the surface of CTCs. Finally, radiomics is a hot research area, it is hoped that the accuracy of

the model can be improved by combining radiomics in the future.
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Conclusion

CTCs and IL-6 in peripheral blood are promising biomarkers for predicting the risk of peritoneal metastasis in gastric
cancer. The predictive model constructed from five risk factors has good predictive ability and clinical utility, which can
help clinicians diagnose peritoneal metastasis early and tailor the best individualized treatment.
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