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Abstract

Objectives To evaluate the predictive value of CT radiomics features derived from the primary tumor in discriminating occult
peritoneal metastasis (PM) in advanced gastric cancer (AGC).

Methods Preoperative CT images of 233 patients with AGC were retrospectively analyzed. The region of interest (ROI) was
manually drawn along the margin of the lesion on the largest slice of venous CT images, and a total of 539 quantified features
were extracted automatically. The intra-class correlation coefficient (ICC) and the absolute correlation coefficient (ACC) were
calculated for selecting influential features. A multivariate logistic regression model was constructed based on the training cohort,
and the testing cohort validated the reliability of the model. Additionally, another model based on the preoperative clinic-
pathological features was also developed. The comparison of the diagnostic performance between the two models was performed
using ROC analysis and the Akaike information criterion (AIC) value.

Results Six radiomics features (ID_Energy, LoG(0.5) Energy, Compactness2, Max Diameter, Orientation, and Surface Area
Density) differed significantly between AGCs with and without PM and performed well in distinguishing AGCs with PM from
those without PM in the primary cohort (AUC = 0.618-0.658). The radiomics model showed a higher AUC value than each single
radiomics feature in the primary cohort (0.741 vs. 0.618-0.658) and similar diagnosis performance in the validation cohort. The
radiomics model showed slightly worse diagnostic efficacy than the clinic-pathological model (AUC, 0.724 vs. 0.762).
Conclusion Venous CT radiomics analysis based on the primary tumor provided valuable information for predicting occult PM in
AGCs.

Key Points

* Venous CT radiomics analysis provided valuable information for predicting occult peritoneal metastases in advanced gastric cancer:
* CT-based T stage was an independent predictive factor of occult peritoneal metastases in advanced gastric cancer.

* A radiomics model showed slightly worse diagnostic efficacy than a clinic-pathological model.
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Abbreviations

ACC  Absolute correlation coefficient
AGC Advanced gastric cancer

AIC  Akaike information criterion
AUC  Area under the curve

HU Hounsfield unit
ICC Intra-class correlation coefficient
PM Peritoneal metastasis

ROC Receiver operating characteristic
ROI  Regions of interest
Introduction

Gastric cancer remains the fifth most common malignancy
and the third leading cause of cancer death worldwide [1].
Peritoneal metastasis (PM) is one of the most frequent forms
of metastasis in gastric cancer and is generally regarded as an
incurable condition with poor prognosis [2, 3]. Therefore, de-
tecting non-invasively PM of gastric cancer prior to surgery
would be crucial for avoiding unnecessary resection and
selecting optimal therapy in clinical practice.

Currently, staging laparoscopy is the most reliable method
to identify clinically occult PM in patients with gastric cancer.
NCCN (National Comprehensive Cancer Network) guidelines
recommend laparoscopy in T3 and/or N+ stages identified on
preoperative imaging. However, laparoscopy is an invasive
and costly procedure [4, 5] and is not systematic in clinical
practice. CT is the most common tool for preoperative staging
in gastric cancer. However, the sensitivity for detecting PM
remains low (28-56%) [6—10]. Meanwhile, several studies
have reported that MRI, especially DWI, might have a poten-
tial to more accurately describe the distribution and extent of
peritoneal tumor [11-13]. In general, conventional techniques
were not sensitive and accurate enough for detecting perito-
neal metastasis preoperatively [14].

Radiomics is a promising tool, converting imaging data
into a high-dimensional mineable feature set with a series of
data-characterization algorithms. Radiomics explore tumor
heterogeneity, pattern, and microenvironment and is promis-
ing in assessing and predicting histopathological characteris-
tics, treatment response, clinical outcome, or differential diag-
nosis in gastric tumors [15-20]. Kim et al reported that pre-
operative CT texture analysis over the omentum has a poten-
tial value for predicting the occult PM of advanced gastric
cancers (AGCs) [21]. We formulated the hypothesis that CT
radiomics features from the primary tumor might also provide
some valuable information for predicting occult PM of AGCs.

This study aimed to evaluate the predictive value of CT
radiomics features derived from the primary tumor in discrim-
inating occult PM in AGCs.
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Materials and methods
Patients

This retrospective study was approved by the local ethical
committee, and the requirement for informed consent was
waived.

A total of 468 patients with gastric cancers who underwent
surgery at our hospital between January 2014 and December
2017 were identified (Fig. 1).

The inclusion criteria were as follows: (1) a pathological
confirmation of gastric carcinomas based on histological ex-
aminations of endoscopic-biopsied tissues and (2) availability
of contrast-enhanced CT before treatment.

The exclusion criteria were as follows: (1) a history of
previous gastric cancer treatment (n=37); (2) no surgical
treatment due to definite signs of PM in CT images including
omental cake, massive ascites, obvious peritoneum thickening
with abnormal enhancement, and discrete nodules away from
the primary tumor (n=10) [8, 22]; (3) CT-based T1 staging
lesions (7 =95) due to a low risk of PM in early-stage gastric
cancers [10, 23]; (4) with difficulty of drawing ROIs precisely
due to small size (long diameter < 1 cm) (n = 24); (5) without a
definite margin in CT images (n=31) (seen in Fig. S1); and
(6) poor imaging quality due to insufficient distention of the
stomach (n = 32) or peristaltic motion (n = 6).

There were 233 patients (age 24-83 years; median age
64 years) enrolled in our cohort. During surgery, the abdom-
inal and peritoneal conditions were all carefully examined. All
suspicious peritoneal implants or ascites were sent for patho-
logical biopsy or cytological examination. The presence of
PM was identified using the AJCC (American Joint
Committee on Cancer) guidelines in consensus between the
pathologists and surgeons. No PM was detected in 188 pa-
tients undergoing curative gastrectomy. The remaining 45 pa-
tients were diagnosed as occult PM, which is defined as neg-
ative PM by preoperative CT but pathologically confirmed
PM at laparotomy or laparoscopy [23, 24]. Nine patients
underwent palliative surgery, and only laparotomy (n=31)
or laparoscopy (n=5) was performed in the remaining pa-
tients. Patient and tumor characteristics are summarized in
Table 1.

CT image acquisition

CT examinations were performed on a 16- or 64-slice scanner
(Light Speed Pro 16, VCT, or Discovery HD 750, GE
Healthcare). All patients were requested to fast from food
for at least 6 h and received 600-1000 mL water orally to
achieve gastric distension prior to the examination. All pa-
tients were in the supine position, and the scan covered the
upper or the entire abdomen. The patients were trained to hold
their breath during CT scanning. Following unenhanced scan,
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Fig. 1 Flowchart of the patient
selection, patient exclusion, and

surgical procedures. Data in

parentheses are the numbers of

patients

Table 1

Patients with gastric cancers underwent surgery
from January 2014 and December 2017 (n=468)

Inclusion criteria:

1) with a histopathological confirmation of
gastric carcinomas based on endoscopic biopsy.
2) with an available contrast-enhanced CT scan

before operation.

Exclusion criteria:

1) with a history of previous gastric cancer treatment (n=37).

2) with definite signs of PM in CT images (n=10).

3) CT-based T1 staging lesions (n = 95).

4) with difficulty of drawing ROIs (long diameter <lcm) (n=24).
5) without a definite margin in CT images (n=31).

6) with poor imaging quality (n=38).

233 patients were enrolled into final study cohort

|

Partial
gastrectomy
(n=68)

Total
gastrectomy
(n=120)

Palliative Laparotomy Laparoscopy
surgery (n=9) exploration exploration
(n=31) (n=5)

I_I_I

No definite PM was detected in

188 patients

characteristics of 233 patients with gastric cancer

Univariate analysis of the clinical and pathological

Feature

Without PM (%) With PM (%) p value

No. of patients
Gender
Male
Female
Age
<60 years
>60 years
Major location
Cardia
Body
Antrum
CT-based T stage
T2/T3
T4
CT-based N stage
NO
N+

Biopsy pathological type

Adenocarcinoma

Signet-ring cell carcinoma
Mucinous carcinoma

Biopsy differentiation degree

Poor
Moderate/well

188 (80.7)

133 (57.1)
55(23.6)

58 (24.9)
130 (55.8)

72 (30.9)
36 (15.5)
80 (34.3)

121 (52.0)
67 (28.7)

68 (29.2)
120 (51.5)

147 (63.1)
32(13.7)
9(3.9)

97 (41.6)
91 (39.1)

45 (19.3)
0.961
32(13.7)
13 (5.6)
0.083
20 (8.6)
25 (10.7)
0.002
5(2.1) <0.001
14 (6.0) 0.079
26 (11.2) 0.065
<0.001
11 4.7)
34 (14.6)
0.136
11 4.7)
34 (14.6)
0.019
26 (11.2) 0.005
15 (6.4) 0.014
4(1.7) 0.282
0.018
32(13.7)
13 (5.6)

PM, peritoneal metastasis; N+, positive lymph node metastasis

[ |

45 patients were pathologically
confirmed to have PM

1.5 mL/kg iodinated contrast agent (Omnipaque 350 mg I/mL,
GE Healthcare) was injected intravenously at a flow rate of
3.0 mL/s using a high-pressure syringe (Medrad Stellant CT
Injector System, Medrad Inc.). Imaging was obtained with a
post-injection delay of 30 s and 70 s after initiation of contrast
material injection, corresponding to the arterial and venous
phases, respectively. The CT scanning parameters were tube
voltage 120 kV, tube current 250-350 mA, slice thickness
5 mm, slice interval 5 mm, field of view 35-50 ¢m, matrix
512 x 512, rotation time 0.7 s, and pitch 1.375.

The mean interval between CT examination and surgery
was 5 days (range, 1-10 days).

CT radiomics feature extraction

Lesion outlining and feature extraction on CT images were
performed using Imaging Biomarker Explorer (IBEX) soft-
ware [25]. Our study focused on the venous images due to
the better differentiation of tumor tissue from adjacent normal
gastric wall [26]. The arterial images were also analyzed fol-
lowing the same procedure, shown in Supplementary mate-
rials. The gastric cancer lesions were manually recognized by
a radiologist (S.L., with 6 years’ experience in abdominal
imaging) and confirmed by another abdominal radiologist
(Z.Y.Z., with 12 years’ experience in abdominal imaging),
who were both blinded to the clinic-pathological information
of patients. Focal thickening of the gastric wall by 6 mm or
greater with obvious enhancement was defined as the gastric
cancer lesion [27]. Each region of interest (ROI) was manually
drawn along the margin of the lesion on the largest slice
(Fig. 2). The gastric lumen and artifacts were carefully

@ Springer
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Fig. 2 A 45-year-old man with moderately differentiated gastric adeno-
carcinoma. During surgery, peritoneal tumor implants were identified and
pathologically demonstrated to be peritoneal carcinomatosis. A palliative
surgery (bypass gastrojejunostomy) was performed in order to relieve
pyloric obstruction. Venous CT image shows a thickened wall with re-
markable enhancement in the antrum of the stomach. The blue outline
shows an example of the drawn region of interest (ROI) covering the
largest image slice of the primary lesion

avoided. A total of 539 quantified features were extracted
automatically from the delineated ROIs with seven categories
of radiomics features. The detailed explanations and formulas
of radiomics features were shown in Supplementary materials,
as described previously [28].

Additionally, another abdominal radiologist (J.H., with
9 years’ experience in abdominal imaging) performed ROI
drawing and feature extractions independently to evaluate
the inter-observer variability of radiomics features in gastric
cancers.

Feature selections

Feature selections were performed using R software version
3.4.4 (R Foundation for Statistical Computing).

Feature selection was performed first on the basis of repro-
ducibility and redundancy as reported previously [20]. Based
on all cases, the intra-class correlation coefficient (ICC) was
calculated to evaluate the inter-observer variability of
radiomics features extraction using “irr” package (vers.
0.84). Radiomics features with ICC value no lower than 0.8
were regarded as highly reproducible features and were main-
tained. This resulted in the 498 most stable features being
initially included.

Second, redundancy was assessed by pairwise correlation
analysis using “caret” package (ver. 6.0-80). The inter-feature
correlation coefficient matrix and the absolute correlation co-
efficient (ACC, mean absolute correlation of a variable with
the remaining features) among the above selected features
were calculated. Highly correlated features (inter-feature cor-
relation coefficient >0.80) were found, and the variable with

@ Springer

the largest ACC value was removed. Based on the above
methods, 52 radiomics parameters were selected for further
processing of the study (Supplementary Table 3).

Multivariate model construction

To validate the predictive model, the patients were random-
ized into two cohorts with a 7 to 3 ratio: 158 for training (124
without PM, 34 with PM) and 75 for testing (64 without PM,
11 with PM). Radiomics features with statistically significant
difference in univariate analysis (p < 0.05) were entered into a
multivariate logistic regression analysis in the primary cohort.
Backward stepwise selection was applied based on the Akaike
information criterion (AIC) using “MASS” package (ver. 7.3-
50). The AIC value and the Hosmer-Lemeshow test were used
as the measure of goodness of fit.

The established model was applied to the validation cohort,
and the diagnostic performance was assessed with receiver
operating characteristic (ROC) analysis.

After feature selections, the support vector machine (SVM)
model with a radial basis function kernel was also performed
by repeated tenfold cross-validation (CV) with 100 trials. The
diagnostic value of CT radiomics analysis in preoperatively
predicting the occult PM of AGCs was evaluated and validat-
ed further.

In addition, another model including the significant clinic-
pathological features (major location, CT-based T stage, biop-
sy pathological type, and differentiation degree in Table 1)
was also developed in all cohorts using multivariate logistic
regression analysis.

Statistical analyses

The differences of continuous variables were analyzed by the
Mann-Whitney U test, and the differences of categorical vari-
ables were analyzed by chi-square test or Fisher’s exact test
(count less than 5). The diagnostic performance of CT radiomics
features or multivariate models was evaluated using ROC anal-
ysis and area under the ROC curve (AUC). Diagnostic sensitiv-
ity, specificity, accuracy, positive likelihood ratio, and negative
likelihood ratio were also calculated. The diagnostic efficacy of
two models was compared using the comparison of ROC
curves. All these statistical analyses were performed with
SPSS 22.0 or MedCalc 15.2.2. A two-tailed p value less than
0.05 was considered statistically significant.

Results
Patient characteristics

There was a significant difference between existing occult PM
and no PM in the lesion location, CT-based T stage, biopsy
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pathological type, and differentiation degree (»p =<0.001-
0.019) (Table 1). No significant difference was found between
gastric cancers with and without occult PM with regard to the
sex, age, and CT-based N stage.

Additionally, there was no significant difference in the
clinic-pathological or radiomics features between the primary
and validation cohort.

The inter-observer variability and univariate analysis
of radiomics features

The inter-observer agreement of seven categories of radiomics
features was summarized in Supplementary Table 2.

Six radiomics features including the ID_Energy,
LoG(0.5) Energy, Compactness2, Max Diameter,
Orientation, and Surface Area Density differed significantly
between gastric cancers with and without occult PM in the
primary cohort (Table 2). There were also significant differ-
ences between gastric cancers with and without occult PM in
the ID_Energy and Surface Area Density in the validation
cohort.

ROC analysis showed that the above six features per-
formed well in distinguishing gastric cancers with PM from
those without PM in the primary cohort (AUC = 0.618-0.658)
(Table 3).

Multivariate models and classifiers for predicting
peritoneal metastasis

Compactness2, Max Diameter, and Orientation finally were
included into a multivariate logistic regression model in the
primary cohort. The Hosmer-Lemeshow test showed an eligi-
ble goodness of fit for the model (p = 0.458).

The diagnostic performance of the multivariate model in
the primary and validation cohorts is shown in Table 4. The
diagnostic efficacy of the radiomics model in the validation
cohort was slightly worse than that in the primary cohort
(AUC, 0.618 vs. 0.741; sensitivity, 0.818 vs. 0.912; specific-
ity, 0.500 vs. 0.508; accuracy, 0.547 vs. 0.595, respectively).
The predictive performance of SVM classifications in 100
cross-validation trials was averaged and shown in
Supplementary Table 6.

Multivariate logistic analysis showed CT-based T stage as
an independent predictive factor of occult PM (p <0.001),
seen in Supplementary Table 7. The clinic-pathological model
showed slightly better diagnostic efficacy than the radiomics
model (AUC, 0.762 vs. 0.724; sensitivity, 0.914 vs. 0.911;
specificity, 0.581 vs. 0.495; accuracy, 0.645 vs. 0.575, respec-
tively) (Table 5). However, the comparison of ROC curves
showed that the difference of the diagnostic efficacy of the
two models was not significant (p =0.871). The goodness of
fit of the clinic-pathological and radiomics models was similar
(AIC, 157.6 vs. 157.2, respectively).

Discussion

In our cohort, 45/233 (19.3%) had biopsy-confirmed occult
PM. For the preoperative clinic-pathological features, our data
showed that the lesion location, CT-based T stage, histological
type, and differentiation degree significantly differed between
AGCs with and without occult PM. Only CT-based T stage
was an independent predictive factor of occult PM and other
features such as lesion location and biopsy histology may hold
some potential in predicting occult PM, yet less effectively
compared with CT-based T stage (seen in Supplementary

Table 2 Statistical description
and univariate analysis of the

Without PM

With PM p value

selected radiomics signature in
gastric cancers with and without (@

PM in the primary cohort (a) and ID_Energy®
in the validated cohort (b) LoG(0.5) Energyb
Compactness2

Max Diameter

Orientation

Surface Area Density
(®)

ID_Energy®

LoG(0.5) Energy®

Compactness2

Max Diameter

Orientation

Surface Area Density

12.51 (8.67-17.69) 15.19 (12.05-20.24) 0.013
5.60 (3.27-10.58) 7.76 (5.00-16.30) 0.036
0.35 (0.25-0.46) 0.44 (0.26-0.63) 0.031
5.04 (4.12-6.25) 5.58 (5.13-6.81) 0.018

15.78 (—12.03-58.55) —1.84 (—48.14-35.15) 0.012
4.50 (3.83-5.27) 3.93 (3.39-4.58) 0.005

12.23 (8.23-16.23) 15.84 (14.77-24) 0.004
5.68 (3.56-10.16) 747 3.67-16.57) 0.427
0.33 (0.23-0.44) 0.42 (0.34-0.56) 0.116
4.93 (4.16-6.33) 5.87 (4.55-7.2) 0.065
8.33 (—49.76-64.36) 17.96 (-55.81-63.12) 0.917
4.64 (3.9-5.25) 3.92 (3.64-4.07) 0.005

The data are presented as median with interquartile range (1st quartile, 3rd quartile); P, peritoneal metastasis;

45108 x 10°

@ Springer
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Table 3 The diagnostic

performance of CT radiomics Parameter Cutoff AUC Sen Spe Acc +LR -LR p value
parameters in predicting gastric
cancer peritoneal metastasis inthe ~ (a)
primary cohort (a) and in the val- ID_Energy 10.65*  0.639 0912 0427 0532 159 021 0.003
idated cohort (b) LoG(0.5) Energy 58° 0618 0735 0532 0576 157 050 0.035
Compactness2 042 0.621 0.588 0.669 0.652 1.78 0.62 0.038
Max Diameter 5.08 0.632 0.794 0.516 0.576 1.64 0.40 0.008
Orientation 0.46 0.641 0.559 0.669 0.645 1.69 0.66 0.005
Surface Area Density 4.12 0.658 0.647 0.645 0.645 1.82 0.55 0.002
(b)
ID_Energy 13.14* 0.774 1 0.578 0.640 237 0 <0.001
LoG(0.5)_Energy 15.97° 0.575 0.364 0.906 0.827 3.87 0.70 0.461
Compactness2 0.40 0.649 0.636 0.703 0.693 2.14 0.52 0.072
Max Diameter 541 0.675 0.727 0.625 0.640 1.94 0.44 0.033
Orientation 70.13 0.510 1 0.172 0.293 1.21 0 0910
Surface Area Density 4.61 0.764 1 0.531 0.600 2.13 0 <0.001

AUC, area under the receiver operating characteristic curve; Sen, sensitivity; Spe, specificity; Acc, accuracy; + LR,
positive likelihood ratio; — LR, negative likelihood ratio; * x 1 0%, b x10°

materials). For CT radiomics analysis, six identified venous
features demonstrated a significant difference between AGCs
with and without occult PM in the primary cohort. Our data
suggested that the larger lesion size and greater heterogeneous
gray-level distribution (higher Max Diameter and Energy) in-
dicated a high risk of occult PM in AGCs. Besides, one shape
feature of Surface Area Density is relevant to the PM status of
AGCs, yet with a relatively low predictive power.
Meanwhile, two multivariate models based on radiomics
and clinic-pathological features respectively were built to aid
in preoperatively predicting occult PM of AGCs. The
radiomics model, a multivariate logistic regression model en-
rolling Compactness2, Max Diameter, and Orientation, had a
higher AUC value of 0.741 than six radiomics features differ-
ing significantly between gastric cancers with and without
occult PM in the primary cohort. The multivariate model im-
proved the predictive value of radiomics features in PM risk
stratification of AGCs. However, the diagnostic performance
was slightly worse in the validation cohort than that in the
primary cohort. The cross-validation trails based on SVM
classifiers also showed similar and mildly reduced predictive
value in the validated cohort compared with the primary co-
hort. Although the radiomics model showed slightly worse

Table 4 The diagnostic performance of multivariate model in
predicting peritoneal metastasis in primary and validation cohorts

AUC Sen Spe Acc +LR —LR pvalue

Primary cohort ~ 0.741 0.912 0.508 0.595 1.85 0.17 <0.001
Validation cohort 0.618 0.818 0.500 0.547 1.64 036  0.1501

AUC, area under the receiver operating characteristic curve; Sen, sensi-
tivity; Spe, specificity; Acc, accuracy; +LR, positive likelihood ratio;
—LR, negative likelihood ratio

@ Springer

diagnostic efficacy than the clinic-pathological model includ-
ing four traditional clinic-pathological features (Major loca-
tion, CT-based T stage, biopsy pathological type, and differ-
entiation degree), no significant difference was found between
them when comparing ROC curves.

The prevalence of PM varies across studies (9.9-25.6%)
[7-10]. This might be related to the exclusion of patients with
overt PM, who are not referred for surgery.

Many studies have focused on evaluating the PM status in
gastric cancers [6—10, 29, 30]. CT is the most common tool for
detecting PM, but its diagnostic performance varies substan-
tially among previously reported studies and its overall sensi-
tivity is poor (0.33, 95% CI, 0.16-0.56) [14]. Kim et al, com-
paring CT-based true-negatives and false-negatives, reported
that there was a significant difference in histologic type, tumor

Table 5 The comparison of two multivariate models for predicting
gastric cancer peritoneal metastasis

Clinic-pathological model Radiomics model

Variables CT-based T stage Compactness2
Major location Max Diameter
Differentiation degree Orientation
Differentiation type

AUC 0.762 0.724

Sensitivity 0914 0911

Specificity 0.581 0.495

Accuracy 0.645 0.575

AIC 157.6 157.2

p value 0.871

AUC, area under the receiver operating characteristic curve; AIC, the
Akaike information criterion
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size, T stage, and N stage [8]. In another study of 640 cases,
four CT-based features (depth of invasion, lymph node metas-
tasis status, tumor size, and tumor thickness) were significant-
ly correlated with the PM status, which is partly consistent
with our findings [10].

CT radiomics analysis, a quantitative and non-invasive
tool, attracts increasing attention for the preoperative predic-
tion of occult PM of gastric cancers. Dong et al reported that
venous CT radiomics analysis combining both primary tumor
and nearby peritoneum had an excellent prediction value of
occult PM of AGCs [24]. In another study, Kim et al found
that CT texture features over the omentum, especially entropy,
held potential promise in distinguishing gastric cancers with
and without occult PM, indicating that CT texture analysis
over the omentum might be a useful adjunct for the prediction
of occult PM in AGCs [21]. Nevertheless, outlining ROIs over
the omentum in only one cross-sectional slice shows the dif-
ficulty in ensuring repeatability and robustness. It is also un-
available in emaciated patients lacking identifiable omentum.
Anyhow, CT texture analysis over the omentum still deserves
further investigation.

Our study had limitations. First, CT images were retrospec-
tively obtained from several scanners, and acquisition param-
eters varied, which might influence the extracted features.
Nevertheless, a good inter-scanner agreement of the CT tex-
ture analysis was confirmed when using different scanners
with different vendors and acquisition processes [31].
Second, the largest slice of the lesion, rather than the whole
lesion or the area of greatest enhancement, was selected for
radiomics analysis. The whole-lesion analysis might be more
representative for the heterogeneous characteristics of the le-
sions. However, the comparison of single-level and whole-
tumor CT texture analyses of single lesions showed fairly
comparable results in previous studies [31, 32]. Moreover,
outlining the area of greatest enhancement as the ROIs might
decrease the effect of necrotic tissues and reflect angiogenesis
more intensely, but there might exist site-by-site biases when
placing ROIs [33, 34]. Therefore, the ROIs outlining the larg-
est slice of the lesion might not only represent the heteroge-
neity of the whole lesion but also improve the repeatability
and reproducibility. Third, we performed radiomics analysis
with a focus on venous phase, since features on arterial phase
proved poorer in predicting occult PM of AGCs. In our study,
early arterial phase images were obtained with a delay time of
30 s. We speculated that different delay time of arterial phase
(from 30 to 45 s) may influence radiomics features and its
diagnostic performance, which required further investigation.
Fourth, only axial images were used for radiomics analysis,
but some gastric cancers are better seen on coronal or sagittal
views [27]. Coronal and sagittal images by multi-planar re-
construction were unavailable in most cases of our retrospec-
tive cohort. Radiomics sub-analysis on available coronal and
sagittal images is shown in Supplementary materials. Finally,

peritoneal cytology was not used routinely in our study (seen
in Supplementary materials). Positive peritoneal cytology is
considered as an important prognostic factor for gastric can-
cers and has an impact in selecting therapeutic strategy [35].
However, the detecting methods of peritoneal cytology still
lack a consensus and gold standard. The role of radiomics
analysis in predicting gastric cancers with positive peritoneal
cytology deserves to be investigated further.

In conclusion, a venous CT radiomics model derived from
the primary tumor was developed. It showed a good diagnos-
tic value and fitted performance in predicting occult PM of
AGCs. CT radiomics analysis holds potential value in preop-
eratively identifying AGCs with suspicious PM, who should
undergo further exploratory laparoscopy for definite
diagnosis.
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