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A computed tomography-
based preoperative risk
scoring system to distinguish
lymphoepithelioma-like
gastric carcinoma from
non-lymphoepithelioma-
like gastric carcinoma

Liming Li1,2†, Wenpeng Huang1,2†, Ping Hou1, Weiwei Li1,
Menyun Feng1, Yiyang Liu1 and Jianbo Gao1,2*

1Department of Radiology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China,
2Department of Gastrointestinal Tract, Henan Key Laboratory of Imaging Diagnosis and Treatment for
Digestive System Tumor, Henan, China
Purpose: The aim of this study was to develop a preoperative risk scoring model

for distinguishing lymphoepithelioma-like gastric carcinoma (LELGC) from non-

LELGC based on contrast-enhanced computed tomography (CT) images.

Methods: Clinicopathological features and CT findings of patients with LELGC

and non-LELGC in our hospital from January 2016 to July 2022 were

retrospectively analyzed and compared. A preoperative risk stratification

model and a risk scoring system were developed using logistic regression.

Results: Twenty patients with LELGC and 40 patients with non-LELGC were

included in the training cohort. Significant differences were observed in Epstein–

Barr virus (EBV) infection and vascular invasion between the two groups (p <

0.05). Significant differences were observed in the distribution of location,

enhancement pattern, homogeneous enhancement, CT-defined lymph node

status, and attenuations in the non-contrast, arterial, and venous phases (all p <

0.05). Enhancement pattern, CT-defined lymph node status, and attenuation in

venous phase were independent predictors of LELGC. The optimal cutoff score

of distinguishing LELGC from non-LELGC was 3.5. The area under the receiver

operating characteristic curve, sensitivity, specificity, and accuracy of risk

identification model in the training cohort were 0.904, 87.5%, 80.0%, and

85.0%, respectively. The area under the receiver operating characteristic curve,

sensitivity, specificity, and accuracy of risk identification model in the validation

cohort were 0.705 (95% CI 0.434–0.957), 75.0%, 63.6%, and 66.7%, respectively.

Conclusion: A preoperative risk identification model based on CT imaging data

could be helpful for distinguishing LELGC from non-LELGC.
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Introduction

Lymphoepithelioma-like gastric carcinoma (LELGC) is a

distinct subtype of gastric cancer and accounts for

approximately 1%–4% of all gastric cancers (1). LELGC

exhibits characteristic histological features. Watanabe et al.

first described this lymphocyte-rich cancer. Burke et al. first

explained that this cancer had a close association with Epstein–

Barr virus (EBV) (2, 3). Another pathological type of LELGC is

microsatellite instability (MSI)-high carcinomas (1, 4). Due to its

special pathological characteristics, LELGC has a better

prognosis than non-LELGC (5, 6). Preoperative diagnosis

facilitates the individualized treatment of LELGC patients (7).

The endoscopic local treatment can be considered for LELGC in

the early stage, because few tumors showed metastatic lymph

nodes (6). Interestingly, previous research considered that

quercetin was a potential antitumor agent in mice injected

with EBV human gastric carcinoma cells (8).

Preoperative biopsy is a common method of tumor

diagnosis. However, it is an invasive examination and has

limited specimens. Computed tomography (CT) is a

commonly used examination for gastric tumors (9–12). To the

best of our knowledge, most previous related studies focused

only on clinicopathological characteristics and few studies

focused on CT characteristics. A previous study (13) in our

medical center analyzed the CT features of four patients with

LELGC, without control group with non-LELGC. Thus, we

compared CT characteristics between patients with LELGC

and non-LELGC, aiming to develop a preoperative risk scoring

system to distinguish them.
Materials and methods

Patients

The present study was approved by the institutional review

board of the authors’ hospital. Given the retrospective design of

the study and the use of anonymized patient data, the

requirement for informed consent was waived. Patients with

pathologically confirmed LELGC from January 2016 to January

2021 were identified from the hospital database, and those with

complete clinical and CT data were included. Individuals with

undetectable lesions on CT imaging were excluded. A total of 20

patients fulfilled the inclusion criteria. At the same time, 40 non-
02
LELGC patients with the same T stage distribution were

identified from January 2021 to July 2021. In addition, a

validation cohort was identified including 4 LELGC patients

from February 2021 to July 2022 and 11 non-LELGC patients

from June 2021 to July 2022.
CT image acquisition

Patients were asked to ingest 600–1,000 ml of water before

undergoing CT. CT images were captured on two scanners

(Discovery CT750 HD, GE Healthcare, Milwaukee, USA;

Brilliance iCT, Philips Healthcare, Best, the Netherlands).

Scanning parameters were as follows: tube voltage, 120 kVp;

tube current, 100–650 mAs; slice thickness and increments, 5

mm. Iodinated contrast agent (70–100 ml of 370 mg I/ml) was

injected at a rate of 3 ml/s. Unenhanced phase and two enhanced

phase images were obtained. Image acquisition of arterial and

venous phases began at 10 s and 50–65 s after the attenuation of

abdominal aorta reached 120 Hounsfield units (HU), using a

bolus-tracking technique.
Clinical and image analysis

An experienced radiologist reviewed clinical and

pathological data. Clinical data included age and sex;

meanwhile, pathological data included vascular invasion,

perineuronal invasion, EBV infection, and Ki-67 index.

CT features were analyzed by two experienced radiologists

blinded to the pathological results until a consensus is reached.

CT features included location, enhancement pattern (gradual,

continuous, and washed out), enhancement grade (mild,

moderate, and obvious), homogeneous enhancement, ulcer

appearance, circum wall involvement, and CT-defined lymph

node status. The enhancement grade was evaluated based on

CT attenuation (13). Thickness of tumor and CT attenuations

at the non-contrast, arterial, and venous phases (CTnon,

CTartery, and CTvenous) were measured. A region of interest

was placed at the center of the mass, ranging from 9 mm2 to 60

mm2. All measurements were repeated three times at the

maximum axial section, and mean values were used for

analysis. A lymph node with an obvious enhancement or a

short diameter greater than 8 mm was considered to be a CT-

defined pathological lymph node (14, 15). A lymph node was
frontiersin.org
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classified as obvious enhancement with an attenuation of more

than 40 HU.
Statistical analysis

All statistical calculations were performed using SPSS

version 22.0 (IBM Corporation, Armonk, NY, USA), MedCalc

version 15.2 (MedCalc, Ostend, Belgium) and R software

(version 3.5.0; http://www.Rproject.org).

Categorical variables (sex, vascular invasion, perineuronal

invasion, EBV infection, location, enhancement pattern,

enhancement grade, homogeneous enhancement, ulcer

appearance, and circum wall involvement) were expressed as

frequencies and were compared between groups using the

Pearson c2 test or Fisher’s test. Continuous variables were

expressed as mean and standard deviation (normal

distribution) or median and interquartile range (non-normal

distribution) and were compared between groups using

independent sample t-test or Mann–Whitney U test.

Variables with p < 0.05 were included in multivariate logistic

regression analysis. Receiver operating characteristic (ROC)

curves of variables were plotted and optimal cutoff values were

generated. The areas under ROC curve (AUCs) were calculated

and compared between different variables using the DeLong

test. Continuous data were transformed into classified data

according to cutoff values for subsequent analysis. A logistic

regression model was built and risk factors were assigned

scores according to the method used in the Framingham

study (16, 17).
Frontiers in Oncology 03
Results

Clinical analysis

Sixty patients were included in the training cohort, with a

T-stage distribution as follows: T1 (5%), T2 (25%), T3 (35%),

and T4 (35%). There are 3 (8%) signet ring cell carcinomas, 1

(2%) mucinous adenocarcinoma, and 36 (90%) tubular or

papillary adenocarcinomas in the non-LELGC group. There

were 18 (45%) poorly differentiated carcinomas, 21 (53%)

moderately differentiated carcinomas, and 1 (2%) well-

differentiated carcinoma in the non-LELGC group. Fifteen

patients were included in the validation cohort with 4

LELGC and 11 non-LELGC patients. There are 1 (9%) signet

ring cell carcinoma and 10 (91%) tubular or papillary

adenocarcinomas in the non-LELGC group. There were 5

(45%) poorly differentiated carcinomas and 6 (55%)

moderately differentiated carcinomas.

Clinical and pathological characteristics are summarized in

Table 1. In the training cohort, there was no significant

difference in terms of age, sex, perineuronal invasion, and Ki-

67 index (all p > 0.05); EBV infection and vascular invasion

differed significantly between two groups (p = 0.001 and

0.010, respectively).
CT image analysis

The CT findings of the two groups are summarized in

Table 2. In the training cohort, significant differences were
TABLE 1 Univariate analysis of clinicopathological characteristics in patients.

Characteristics Variable Training Cohort Validation Cohort p-
value

LELGC (n = 20)
(%)

Non-LELGC (n = 40)
(%)

p-
value

LELGC (n = 4)
(%)

Non-LELGC (n = 11)
(%)

Age (years) 56 ± 10.97 60.2 ± 9.18 0.121 54.25 ± 4.92 60.82 ± 7.62 0.780

Sex Male 16 (80) 31 (78) 1.000 3 (75) 10 (91) 0.476

Female 4 (20) 9 (22) 1 (25) 1 (9)

EBV Positive 20 (100) 0 (0) 0.001* 4 (100) 0 (0) 0.001*

Negative 0 (0) 40 (100) 0 (0) 11 (100)

Perineuronal
invasion

Present 13 (65) 30 (75) 0.418 2 (50) 4 (36.4) 0.538

Absent 7 (35) 10 (25) 2 (50) 7 (63.6)

Vascular invasion Present 7 (35) 28 (70) 0.010* 2 (50) 5 (45.5) 0.662

Absent 13 (65) 12 (30) 2 (50) 6 (54.5)

Ki-67 index 70 (52.5, 80.0) 60 (40, 70.0) 0.077 65 (45.0, 77.5) 70 (50.0, 80.0) 1.000

T stage 1 1 (5) 2 (5) 1.000 1 (25) 0 (0) 0.275

2 5 (25) 10 (25) 1 (25) 2 (18.2)

3 7 (35) 14 (35) 2 (50) 7 (63.6)

4 7 (35) 14 (35) 0 (0) 2 (18.1)
frontie
EBV, Epstein–Barr virus; *p-value < 0.05.
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TABLE 2 Univariate analysis of CT characteristics in patients.

Training Cohort Validation Cohort p-
value

Characteristics Variable LELGC (n = 20)
(%)

Non-LELGC
(n = 40) (%)

p-
value

LELGC (n = 4)
(%)

Non-LELGC
(n = 11) (%)

Location Cardia,
fundus

8 (40) 24 (60) 0.017* 1 (25) 3 (27) 0.174

Body 11 (55) 8 (20) 3 (75) 3 (27)

Antrum 1 (5) 8 (20) 0 (0) 5 (45)

Ulcer Present 14 (70) 30 (75) 0.680 2 (50) 5 (45) 0.662

Absent 6 (30) 10 (25) 2 (50) 6 (55)

Enhancement pattern Continuously 18 (90) 17 (43) 0.001*a 2 (50) 3 (27) 0.407

Gradually 2 (10) 21 (52) 2 (50) 8 (73)

Washed out 0 (0) 2 (5) 0 (0) 0 (0)

Enhancement grade Obvious 10 (50) 20 (50) 1.000a 2 (50) 6 (55) 0.958

Moderate 9 (45) 16 (40) 1 (25) 3 (27)

Mild 1 (5) 4 (10) 1 (25) 2 (18)

Homogeneous enhancement Present 16 (80) 17 (43) 0.006* 3 (75) 4 (36) 0.231

Absent 4 (20) 23 (57) 1 (25) 7 (64)

Circum wall involvement Present 3 (15) 10 (25) 0.580 0 (0) 3 (27) 0.363

Absent 17 (85) 30 (75) 4 (100) 8 (73)

CT-defined lymph node
status

Unnormal 7 (35) 32 (80) 0.001* 2 (50) 7 (64) 0.538

Normal 13 (65) 8 (20) 2 (50) 4 (36)

Thickness (mm) 11.5 (2.85, 21.00) 14.27 (11.50,
17.23)

0.371 16.50 (10.66, 25.71) 15.20 (10.59, 25.17) 0.694

CTnon (HU) 42.35 ± 6.47 37.78 ± 7.63 0.022* 36.50 ± 10.79 36.55 ± 9.54 0.994

CTartery (HU) 87.00 ± 15.41 70.59 ± 21.21 0.003* 65.50 (37.93, 110.10) 62.30 (42.67,
102.50)

1.000

CTvenous (HU) 91.57 ± 14.66 79.71 ± 19.79 0.021* 89.50 (44.00, 124.50) 78.00 (56.80,
102.40)

0.948
Frontiers in Oncology
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CTnon, CTartery, and CTvenous: the attenuations in non-contrast, arterial, and venous phase, respectively. *p-value < 0.05. aMerging data of adjacent rows appeared.
A B

FIGURE 1

Receiver operating characteristic (ROC) curves of enhancement pattern, homogeneous enhancement, CT-defined lymph node status, and
location (A). The areas under curve (AUC) were 0.716, 0.645, 0.738, and 0.543, respectively. ROC curves of attenuation in non-contrast, arterial,
and venous phases (B). The AUC were 0.673, 0.709, and 0.699, respectively.
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observed in the distribution of location, enhancement pattern,

homogeneous enhancement, CT-defined lymph node status,

CTnon, CTartery, and CTvenous (all p < 0.05). The AUCs of the

above seven variables were 0.543 (95% confidence interval [CI]

0.376–0.710), 0.716 (95% CI 0.568–0.864), 0.645 (95% CI 0.478–

0.811), 0.738 (95% CI 0.577–0.900), 0.673 (95% CI 0.539–0.788),

0.709 (95% CI 0.578–0.819), and 0.699 (95% CI 0.567–0.810),

respectively (Figure 1). Most LELGCs were located in gastric

cardia, fundus, and body, with homogeneous and continuous

enhancement (Figure 2).

In the training cohort, there was no remarkable difference in

AUC between different phase attenuations (all p > 0.05), and also

no remarkable difference in AUC between location,

enhancement pattern, homogeneous enhancement, and CT-

defined lymph node status (all p > 0.05). The cutoff values
Frontiers in Oncology 05
determined by the ROC curve for CTnon, CTartery, and CTvenous

were 41.84 HU, 83.00 HU, and 82.73 HU, respectively. No

statistical difference was observed in ulcer appearance, circum

wall involvement, enhancement grade, and thickness between

two groups (p > 0.05).
Logistic regression analysis

On logistic regression analysis, the odds ratios (ORs)

remained significant for attenuation in the venous phase (p =

0.002), CT-defined lymph node status (p = 0.039), and

enhancement pattern (p = 0.005). The Hosmer–Lemeshow test

revealed that the model had a good fit (p = 0.986). The AUC of

the model in the training data set was 0.904 (95% CI 0.803–
FIGURE 2

Lymphoepithelioma-like gastric carcinoma (LELGC) in a 60-year-old man (A-C) and non-LELGC in a 51-year-old woman (D-F). Unenhanced CT
image of stomach reveals a mass in the gastric body (A). Contrast-enhanced CT image shows a continuously obvious homogeneous
enhancement of mass (B, C) with CTvenous of 110.20 HU. Unenhanced CT image of stomach reveals a mass in the gastric antrum (D). Contrast-
enhanced CT image shows a gradually moderate nonhomogeneous enhancement of mass (E, F) with a CTvenous of 67.16 HU.
TABLE 3 Multivariate analysis in identifying LELGC from non-LELGC.

Parameter b Odds ratio 95% confidence interval p-value

Lower Upper

Constant −7.877 0.001

Enhancement pattern 2.761 15.812 2.440 102.450 0.004

CT-defined lymph node status 1.657 5.245 1.074 25.610 0.041

CTvenous 3.053 21.175 3.1546 142.510 0.002
fronti
CTvenous: the attenuations in venous phase.
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0.966), and the sensitivity, specificity, and accuracy were 87.5%,

80.0%, and 85.0%, respectively (Table 3). The AUC of the model

in the validation cohort was 0.705 (95% CI 0.434–0.957), and the

sensitivity, specificity, and accuracy were 75.0%, 63.6%, and

66.7%, respectively (Figure 3).
Development of a preoperative risk
stratification system

A preoperative risk stratification model was developed based

on three risk factors. The total scores of risk factors in the

training cohort are shown in Figure 4 and Table 4. The

nomogram for predicting LELGC is shown in Figure 5. The

optimal cutoff score was 3.5.
Frontiers in Oncology 06
Discussion

It is important to preoperatively distinguish LELGC from

non-LELGC with the increasing application of neoadjuvant

therapy. We developed a CT-based risk scoring system to

preoperatively distinguish LELGC from non-LELGC. The

system incorporated three variables: enhancement pattern, CT-

defined lymph node status, and CTvenous. When risk score is

greater than 3.5, the tumor was more inclined to be a LELGC.

LELGC is common in the elderly population, predominantly

in men, similar to non-LELGC. Men were more prone to be

observed in the LELGC than in the non-LELGC group in a

previous study (2). The results of the present study revealed that

the LELGC group exhibited less vascular invasion than the non-

LELGC group. Vascular invasion is an independent risk factor for
A B

FIGURE 3

Receiver operating characteristic (ROC) curves of preoperative risk identification model in the training cohort (A) and validation cohort (B). The
area under the curve (AUC) was 0.904 and 0.705, respectively.
FIGURE 4

The preoperative risk scores of patients in the training cohort. The total scores of patients with lymphoepithelioma-like gastric carcinoma
(LELGC) were higher than that of patients with non-LELGC.
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poor survival in GC after curative resection (18). Less vascular

invasion represents a relatively favorable prognosis of LELGC.

Lately, EBV-positive gastric cancer has attracted wide

attention after the new classification proposed by The Cancer

Genome Atlas research. More than 80% of LELGC cases are

EBV-positive and approximately 10% of LELGC cases exhibit

MSI (4, 19, 20). The presence of high-frequency MSI appeared in

EBV-negative LELGC cases, which suggested that EBV and MSI

had different pathogenic patterns for LELGC (21). A previous

study showed that EBV infection was an independent predictor

for survival in LELGC patients (22). All LELGCs in our study

were EBV-positive, and no patients exhibited MSI. This may be

explained by the late detection of MSI in our hospital.

There is a significant difference in the distribution of location

between two groups. The majority of LELGCs are located in the

gastric cardia, fundus, and body, and few tumors are located in

the gastric antrum, which is consistent with previous studies. In

addition, LELGC in the early T stages also needs to be

differentiated from submucosal tumors (23).
Frontiers in Oncology 07
A small number of LELGC tumors had metastatic lymph

nodes, which was consistent with the previous study (4). In

practice, there are no universally accepted criteria to define

pathological lymph nodes at CT images. However, CT-defined

lymph node status, like the deep learning radiomics

characteristics, was included in the final nomogram to predict

lymph node metastasis and exhibited significant predictive value

in previous studies (10).

It was interesting to find that enhancement pattern was

h igh ly s i gn ifican t in d i s t ingu i sh ing two tumors .

Homogeneous and continuous enhancement was more

often observed in the LELGC group than in the non-LELGC

group. This seems to conflict with previous research. It is

generally accepted that most of the undifferentiated types of

gastric cancers have a peak enhancement in delayed phase

(24). The CT enhancement is closely influenced by

pathological components. The histological basis of gradual

enhancement is mainly caused by fibrous tissue (25). LELGC

is a poorly differentiated tumor with a large number of

lymphocytes infiltrating the stroma and exhibits early

enhancement in ar ter ia l phase and homogeneous

enhancement in venous phase. However, most advanced

gastric cancers exhibit gradual enhancement with abundant

fibrous connective tissue and a small amount of scattered

lymphocyte infiltrating the stroma (26).

There were also some limitations that warrant discussion.

First, we selected the control non-LELGC group from the

nearest time according to T stage, which inevitably

introduced bias. Second, because the LELGC was rare and

the study was about the CT characteristics, the cohort of

patients is small. A larger sample size comprising multicenter

data is needed to verify our risk scoring system. The third

crucial point was the nature of retrospective analysis; the

impacts of the heterogeneities of CT scanners on the

attenuation were not explicitly considered.
TABLE 4 The score for preoperative risk factors.

Variable Regression coeffi-
cient

Category Score

Enhancement pattern 2.761

Continuously 2

Other 0

CT-defined lymph node
status

1.657

Normal 1

Unnormal 0

CTvenous 3.053

>82.73 2

≤82.73 0
CTvenous: the attenuations in venous phase.
FIGURE 5

Nomogram for predicting lymphoepithelioma-like gastric carcinoma (LELGC). The CTvenous, CT-defined lymph node status, and enhancement
pattern were incorporated into nomogram finally.
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Conclusion

In conclusion, a preoperative risk scoring system

based on enhancement pattern, CT-defined lymph node

status, and attenuation in venous phase was effective in

distinguishing LELGC from non-LELGC. This system

could be helpful for individualized treatment strategies for

patients with LELGC.
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K, et al. The importance of Epstein-Barr virus infection in the systemic treatment of
patients with gastric cancer. Semin Oncol (2020) 47:127–37. doi: 10.1053/
j.seminoncol.2020.04.001

8. Huh S, Lee S, Choi SJ, Wu Z, Cho JH, Kim L, et al. Quercetin synergistically
inhibit EBV-associated gastric carcinoma with ganoderma lucidum extracts.
Molecules (2019) 24:3834. doi: 10.3390/molecules24213834

9. Li LM, Feng LY, Chen XH, Liang P, Li J, Gao JB. Gastric heterotopic pancreas
and stromal tumors smaller than 3 cm in diameter: clinical and computed
tomography findings. Cancer Imaging (2018) 18(1):26. doi: 10.1186/s40644-018-
0161-9

10. Li J, Dong D, Fang M, Wang R, Tian J, Li H, et al. Dual-energy CT-based
deep learning radiomics can improve lymph node metastasis risk prediction for
gastric cancer. Eur Radiol (2020) 30(4):2324–3. doi: 10.1007/s00330-019-06621-x

11. Wang R, Liu H, Liang P, Zhao H, Li L, Gao J. Radiomics analysis of CT
imaging for differentiating gastric neuroendocrine carcinomas from gastric
adenocarcinomas. Eur J Radiol (2021) 138:109662. doi : 10.1016/
j.ejrad.2021.109662

12. Zhao H, Li W, Huang W, Yang Y, Shen W, Liang P, et al. Dual-energy CT-
based nomogram for decoding HER2 status in patients with gastric cancer. AJR Am
J Roentgenol (2021) 216(6):1539–48. doi: 10.2214/AJR.20.23528

13. Liang P, Ren XC, Gao JB, Chen KS. CT findings and clinical features of
Epstein-Barr virus-associated lymphoepithelioma-like gastric carcinoma. Med
(Baltimore) (2019) 98:e14839. doi: 10.1097/MD.0000000000014839

14. Seevaratnam R, Cardoso R, McGregor C, Lourenco L, Mahar A, Sutradhar
R, et al. How useful is preoperative imaging for tumor, node, metastasis (TNM)
frontiersin.org

https://doi.org/10.1007/s10120-014-0376-9
https://doi.org/10.1016/j.jss.2014.12.005
https://doi.org/10.1093/ajcp/96.2.156
https://doi.org/10.1093/ajcp/96.2.156
https://doi.org/10.1016/j.jss.2016.11.012
https://doi.org/10.1016/j.jss.2016.11.012
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1080/00365521.2021.1955966
https://doi.org/10.1080/00365521.2021.1955966
https://doi.org/10.1053/j.seminoncol.2020.04.001
https://doi.org/10.1053/j.seminoncol.2020.04.001
https://doi.org/10.3390/molecules24213834
https://doi.org/10.1186/s40644-018-0161-9
https://doi.org/10.1186/s40644-018-0161-9
https://doi.org/10.1007/s00330-019-06621-x
https://doi.org/10.1016/j.ejrad.2021.109662
https://doi.org/10.1016/j.ejrad.2021.109662
https://doi.org/10.2214/AJR.20.23528
https://doi.org/10.1097/MD.0000000000014839
https://doi.org/10.3389/fonc.2022.872814
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2022.872814
staging of gastric cancer? a meta-analysis. Gastric Cancer (2012) 15 Suppl 1:S3–18.
doi: 10.1007/s10120-011-0069-6

15. You JM, Kim TU, Kim S, Lee NK, Lee JW, Ryu H, et al. Preoperative n stage
evaluation in advanced gastric cancer patients using multidetector CT: can the sum
of the diameters of metastatic LNs be used for n stage evaluation. Clin Radiol (2019)
74(10):782–9. doi: 10.1016/j.crad.2019.06.030

16. Feng C, Cheng J, Zeng X, Zhang Y, Hong N, Ye Y, et al. Development and
evaluation of a ceMDCT-based preoperative risk stratification model to predict
disease-free survival after radical surgery in patients with gastric cancer. Abdom
Radiol (NY) (2021) 46(9):4079–89. doi: 10.1007/s00261-021-03049-0

17. Sullivan LM, Massaro JM, D’Agostino RB Sr. Presentation of multivariate
data for clinical use: The framingham study risk score functions. Stat Med (2004)
23:1631–60. doi: 10.1002/sim.1742

18. Li P, Ling YH, Zhu CM, Hu WM, Zhang XK, Luo RZ, et al. Vascular
invasion as an independent predictor of poor prognosis in nonmetastatic gastric
cancer after curative resection. Int J Clin Exp Pathol (2015) 8:3910–8.

19. Fang WL, Chen MH, Huang KH, Lin CH, Chao Y, Lo SS, et al. The
clinicopathological features and genetic alterations in Epstein-Barr virus-associated
gastric cancer patients after curative surgery. Cancers (Basel) (2020) 12:1517. doi:
10.3390/cancers12061517

20. Ribeiro J, Oliveira C, Malta M, Sousa H. Epstein-Barr Virus gene expression
and latency pattern in gastric carcinomas: a systematic review. Future Oncol (2017)
13:567–79. doi: 10.2217/fon-2016-0475
Frontiers in Oncology 09
21. Gurzu S, Szentirmay Z, Bara T, Turcu M, Toth E, Bara T Jr, et al. Non-
Epstein-Barr virus associated lymphoepithelioma-like carcinoma of the
esophagogastric junction with microsatellite instability, K-ras wild type. Pathol
Res Pract (2013) 209(2):128–31. doi: 10.1016/j.prp.2012.11.004

22. Min BH, Tae CH, Ahn SM, Kang SY, Woo SY, Kim S, et al. Epstein-Barr
Virus infection serves as an independent predictor of survival in patients with
lymphoepithelioma-like gastric carcinoma. Gastric Cancer (2016) 19:852–9. doi:
10.1007/s10120-015-0524-x

23. Dong X, Zhao J, Sun Z. Lymphoepithelioma-like gastric carcinoma
misdiagnosed as a submucosal tumor. Clin Gastroenterol Hepatol (2018) 16:e87.
doi: 10.1016/j.cgh.2017.09.032

24. Tsurumaru D, Miyasaka M, Muraki T, Nishie A, Asayama Y, Oki E, et al.
Histopathologic diversity of gastric cancers: relationship between enhancement
pattern on dynamic contrast-enhanced CT and histological type. Eur J Radiol
(2017) 97:90–5. doi: 10.1016/j.ejrad.2017.10.018

25. Takao M, Fukuda T, Iwanaga S, Hayashi K, Kusano H, Okudaira S. Gastric
cancer: evaluation of triphasic spiral CT and radiologic-pathologic correlation. J
Comput Assist Tomogr (1998) 22(2):288–94. doi: 10.1097/00004728-199803000-
00024

26. Tsurumaru D, Miyasaka M, Nishimuta Y, Asayama Y, Nishie A, Kawanami
S, et al. Differentiation of early gastric cancer with ulceration and resectable
advanced gastric cancer using multiphasic dynamic multidetector CT. Eur Radiol
(2016) 26(5):1330–7. doi: 10.1007/s00330-015-3938-2
frontiersin.org

https://doi.org/10.1007/s10120-011-0069-6
https://doi.org/10.1016/j.crad.2019.06.030
https://doi.org/10.1007/s00261-021-03049-0
https://doi.org/10.1002/sim.1742
https://doi.org/10.3390/cancers12061517
https://doi.org/10.2217/fon-2016-0475
https://doi.org/10.1016/j.prp.2012.11.004
https://doi.org/10.1007/s10120-015-0524-x
https://doi.org/10.1016/j.cgh.2017.09.032
https://doi.org/10.1016/j.ejrad.2017.10.018
https://doi.org/10.1097/00004728-199803000-00024
https://doi.org/10.1097/00004728-199803000-00024
https://doi.org/10.1007/s00330-015-3938-2
https://doi.org/10.3389/fonc.2022.872814
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A computed tomography-based preoperative risk scoring system to distinguish lymphoepithelioma-like gastric carcinoma from non-lymphoepithelioma-like gastric carcinoma
	Introduction
	Materials and methods
	Patients
	CT image acquisition
	Clinical and image analysis
	Statistical analysis

	Results
	Clinical analysis
	CT image analysis
	Logistic regression analysis
	Development of a preoperative risk stratification system

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


