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Objective: To examine the association between computed tomography (CT) imaging characteristics and programmed death ligand-1
(PD-L1) expression in patients with gastric adenocarcinoma (GAC), and to develop a nomogram model for prediction.

Methods: The patients were randomly allocated into a training set and a validation set at a ratio of 7:3. The training set was further
divided into a PD-L1 positive group and a PD-L1 negative group, based on the combined positive score (CPS). Univariate and
multivariate logistic regression analyses were performed to identify independent predictors of PD-L1 positivity. A nomogram was
developed to assess the model’s predictive performance, which was evaluated using the receiver operating characteristic (ROC) curve,
calibration curve, and decision curve analysis (DCA). It was also compared with the model established by previous study.

Results: Patients with PD-L1-positive gastric adenocarcinoma exhibited a higher prevalence of larger short diameters of lymph nodes
(LNs) (= 1 cm), and lower CT attenuation values in the venous and delayed phases compared to those in the PD-L1-negative group.
Short diameter of LNs, and CT attenuation values in the delayed phase were identified as independent predictors of PD-L1 positivity.
The nomogram analysis indicated that CT attenuation values in the delayed phase were the most significant predictor of PD-L1
positivity, followed by short diameter of LNs.

Conclusion: The GAC prediction model based on the CT imaging features is effective in predicting PD-L1 expression levels and
demonstrates strong clinical applicability.
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Background

Gastric cancer is the most prevalent malignant tumor within the digestive system, ranking third globally in both incidence
and mortality among cancers. Most cases are diagnosed at advanced stages, resulting in an overall five-year survival rate
of less than 50%." Immune checkpoint inhibitors have been employed in the treatment of various malignant tumors, with
clinical trials validating their efficacy.”>* Currently, research is focused on the use of programmed cell death protein 1
(PD-1) and programmed death-ligand 1 (PD-L1) inhibitors. PD-L1, a transmembrane protein from the B7 family, is
commonly expressed on tumor cells and tumor-infiltrating immune cells. Initial reports in 2006 identified PD-L1
expression in gastric cancer tissues.” In 2021, clinical treatment guidelines incorporated immunotherapy into the first-
line treatment for gastric cancer, highlighting the importance of detecting the immune checkpoint PD-L1 in current
research.®’ At present, combined positive scores (CPS) for patients are typically determined through endoscopic biopsy
prior to surgery. However, advancements in the spatial resolution of computed tomography (CT) imaging and the use of
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multiplanar reconstruction techniques have enhanced CT’s ability to provide a comprehensive assessment of the tumor,
including the delineation of tumor boundaries and adjacent tissue vessels. This makes CT a critical tool for preoperative
staging in gastric cancer patients. Emerging research suggests that CT features may also help predict PD-L1 expression
levels, offering potential benefits for cases with limited biopsy samples.* ' Therefore, this study aims to develop
a prediction model for PD-LI-positive gastric adenocarcinoma (GAC) using CT imaging characteristics, thereby
providing a non-invasive and objective basis for clinical treatment strategies in GAC.

Materials and Methods

General Information

The study retrospectively examined 231 patients with GAC who were treated at Shanxi Cancer Hospital between
September 2017 and July 2022. The patients were randomly assigned to a training set (n = 161) and a validation set
(n = 70) in a 7:3 ratio. Within the training set, patients were further categorized into a PD-L1 positive group (CPS > 5)
and a PD-L1 negative group (CPS < 5) based on their CPS.

Inclusion criteria: (1) Patients with GAC confirmed through pathological histology or cytology; (2) Availability of
PD-L1 immunohistochemical testing results; (3) Initial abdominal CT examination conducted prior to biopsy or surgery;
(4) Availability of complete abdominal CT data, including both plain scan and triphasic enhanced scan; (5) Complete
clinical baseline characteristics and test data required for the initial diagnosis. Exclusion Criteria: (1) Insufficient gastric
distension or poor quality of CT images; (2) History of anti-tumor therapy prior to CT examination and immunohis-
tochemistry; (3) Presence of other concurrent tumor diseases; (4) Unclear histological results; (5) Significant missing of
pathological, clinical, laboratory and CT imaging data. This study was reviewed and approved by the ethics committee of
Shanxi Province Cancer Hospital (NO. 2022007).

Methods

Data Collection

Clinical data collected from patients included age, sex, family history. Additionally, complete blood count (CBC)
parameters were recorded, including red blood cells (RBC), white blood cells (WBC), hemoglobin (HGB), platelets
(PLT), neutrophils (NEUT), lymphocytes (LYMPH), eosinophils (EOS), and lactate dehydrogenase (LDH). The neu-
trophil-to-lymphocyte ratio (NLR) and tumor markers, such as carcinoembryonic antigen (CEA), carbohydrate antigen
19-9 (CA19-9), and alpha-fetoprotein (AFP), were also assessed. Complete blood counts were performed using the
automated hematology analyzer XP-100 (Sysmex, Japan), while tumor marker assays were conducted with the ADVIA
Centaur XP instrument (Siemens, Germany).

CT Image Examination

The examination was performed using an energy spectral CT scanner (Discovery CT750 hD, GE Healthcare, USA). Patients
were instructed to fast (avoid food and drink) the night before the scan and to consume 800 to 1000 mL of water to ensure
adequate stomach distension 5 to 10 minutes prior to the scan. The patient was positioned supine, and the scan range extended
from the lower edge of the T11 vertebral body to the lower edge of the L2 vertebral body. The CT imaging parameters
included a slice thickness and inter-slice spacing of 5 mm, a tube voltage of 120 kV, and a tube current of 240 mA. The
contrast agent Iohexol (300 mg/100 mL; 1.5 mL/kg, GE Pharmaceuticals) was administered through the cubital vein via
a high-pressure syringe at a flow rate of 3.0 mL/s. Scans were conducted in the arterial phase, venous phase, and delayed phase
at 30 seconds, 60 seconds, and 120 seconds post-injection, respectively, with images reconstructed in the coronal and sagittal
planes. CT images were independently and blindly analyzed by two radiologists with over 10 years of diagnostic experience.
The final results were determined through mutual consultation and consensus between the radiologists. The criteria for CT
evaluation included: (1) The location of the lesion was categorized as cardia, gastric corpus, or antrum; (2) The thickness of the
lesion was defined as the diameter of the thickest part of the lesion measured on the axial CT image; (3) CT Value of Lesion:
A region of interest (ROI) was manually outlined on the slice showing the maximum diameter of the gastric cancer lesion,
excluding the lesion edge. The CT value was measured in this area, with at least three measurements taken to determine the
average value. The tumor attenuation value was calculated as the difference between the arterial/venous phase CT value and
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the non-enhanced CT value. (4) cTNM staging (Table 1): Assessed according to the Chinese 2021 Clinical Guidelines for the
Diagnosis and Treatment of Gastric Cancer.® (5) Extramural venous invasion (EMVI) of gastric tumors (Table 2): evaluated
using the CT-EMVI scoring criteria, with scores of 02 indicating EMVI negative and scores of 3—4 indicating EMVI
positive.'"! (6) Short diameter of LNs. (7) With or without ascites. (8) With or without peritoneal metastasis.
Immunohistochemical Staining

Immunohistochemistry was conducted on biopsy specimens obtained through surgery or gastroscopy, utilizing the Roche
Ventana BenchMark ULTRA series automated immunohistochemistry detection platform.

The detection reagent for PD-L1 was a mouse monoclonal anti-PD-L1 antibody (clone 22C3, prediluted, Roche,
Switzerland). The CPS was used to assess the level of PD-L1 expression, calculated as CPS = (total number of PD-LI
positive tumor cells, lymphocytes, and macrophages) / (total number of live tumor cells) x 100%. PD-L1 expression is
classified as positive when CPS > 5 and negative when CPS < 5.

Statistical Analysis

Statistical analysis was performed using R software version 3.6.3. Non-normally distributed quantitative data were summarized
as median and interquartile range (M [Q1, Q3]), with group comparisons made using the rank-sum test. Categorical data were
reported as case counts, and comparisons between groups were assessed using the chi-square test. A univariate analysis was
conducted on CT imaging features and clinical pathological data. Variables that demonstrated statistically significant differences
in the univariate analysis were further analyzed using multivariate logistic regression to identify independent predictors of PD-L1
positivity. A nomogram was developed based on the results of the multivariate logistic regression. The predictive efficacy of the
model was evaluated through receiver operating characteristic (ROC) curve analysis, calibration curve analysis, and decision
curve analysis (DCA), followed by further comparison with other prediction model. A p-value <0.05 was considered statistically
significant.

Table | T-Staging Criteria for Gastric Cancer Based on CT Imaging

T Staging | CT Staging Criteria

Tl Mild thickening of the stomach wall with an intact low-density submucosal layer

T2 Localized thickening of the stomach wall with disruption or absence of the low-density submucosal layer

T3 Prominent enhancement and thickening of the entire stomach wall with a well-defined and smooth outer margin around the lesion
T4 Marked enhancement and thickening of the entire stomach wall with the lesion extending throughout the wall displaying an irregular

margin, or evidence of invasion into adjacent tissues and organs

Table 2 Typical CT Imaging Features Indicative of EMVI in Gastric Cancer

CT-EMVI Score | Typical Image Features

0 The lesion does not infiltrate the gastric wall, and no extramural blood vessels are present in the vicinity of the tumor

| Slight extramural nodular extension is present, with no evidence of invasion into the vascular structures beyond the tumor
region

2 The mass infiltrates the gastric wall, with extramural blood vessels present near the tumor area. However, there is no
evidence of tumor density within the vascular lumen, and the vessels maintain a normal caliber

3 The mass invades the gastric wall and extends in a linear fashion into the extramural vascular lumen, with the caliber of the
affected vessels showing only minor enlargement

4 Significant tubular or nodular soft tissue extends irregularly into the extramural vascular lumen, causing noticeable distention
of the vessel
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Results
Univariate Analysis of Clinical and CT Imaging Features in GAC Patients With

Different PD-L| Expression Levels

In the training set, there were 120 patients in the PD-L1 positive group and 41 patients in the PD-L1 negative group.
Univariate analysis results indicated that, compared to the PD-L1 negative group, the PD-L1 positive group had a higher
incidence of lymph nodes (LNs) with a short diameter > 1, with rates of 75.6% versus 53.3% (p = 0.012). The CT
attenuation values in both the venous phase and delayed phase were lower in the PD-L1 positive group compared to the
PD-L1 negative group, with values of 37.00 [24.00, 53.00] versus 46.00 [33.50, 60.25] (p = 0.034) and 40.00 [31.00,
52.00] versus 49.50 [35.00, 64.50] (p = 0.005), respectively. No other differences between the groups were statistically
significant (all p > 0.05) (Tables 3 and 4).

Multivariate Logistic Regression Analysis

Indicators that showed statistical significance in the univariate analysis were included in the multivariate logistic
regression analysis. The results indicated that short diameter of LNs on CT images, and CT attenuation values in the
delayed phase were independent predictors of PD-L1 positivity (Table 5).

Table 3 Univariate Analysis of Clinical Characteristics of Patients With GAC With Varying PD-LI
Expression Statuses in the Training Set

Items PD-L| Negative Group PD-LI Positive Group P
(CPS < 5, n=120) (CPS=5, n=41)
Age [y, M (Q1,Q3)] 62.00 [53.00, 70.00] 63.00 [58.00, 68.00] 0.636
Gender [n(%)] 0.95
Male 99 (82.5) 34 (82.9)
Female 21 (17.5) 7 (17.1)
Family history [n(%)] 0.248
Yes 11(9.2) 7(17.1)
No 109 (90.8)) 34 (82.9)
Metastasis [n(%)] 0.856
MO 95 (79.2) 33 (80.5)
MI 25 (20.8) 8 (19.5)
WBC [x10%/L, M (Q1,Q3)] 6.21 [5.02, 8.06] 7.04 [5.46, 8.32] 0.37
RBC [x10°/L, M (Q1,Q3)] 4.44 [4.02, 4.77] 4.28 [3.85, 4.76] 0.339
HBG [x107/L, M (Q1,Q3)] 135.00 [111.75,147.25] 126.00 [104.00,143.00] 0.135
PLT [x10%/L, M (Q1,Q3)] 272.50 [211.00,353.00] 277.00 [230.00,366.00] 0.473
NEUT [x10%L, M (Q1,Q3)] 3.85[3.02, 5.12] 4.01 [3.00, 5.40] 0.535
LYMPH [x10%/L, M (Q1,Q3)] 1.73 [1.37, 2.29] 1.78 [1.32, 2.33] 0.775
EOS [x10°/L, M (Q1,Q3)] 0.10 [0.06, 0.17] 0.11 [0.07, 0.18] 0.395
LDH [U/L, M (Q1,Q3)] 0.564
Normal 106 (88.3) 38 (92.7)
High 14 (11.7) 3(73)
NLR [n(%)] |
=5 112 (93.3) 38 (92.7)
<5 8 (6.7) 3(73)
CEA [ug/L, M (Q1,Q3)] 1.68 [0.68, 5.38] 2.82 [0.84, 10.91] 0.541
CA19-9 [U/mL, M (Q1,Q3)] 15.54 [8.11, 43.93] 14.65 [7.88, 22.87] 0.992
AFP [n(%)] 0.149
Normal 114 (95.0) 36 (87.8)
High 6 (5.0 5(122)
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Table 4 Univariate Analysis of CT Imaging Features in Patients With GAC With Varying PD-LI Expression

Statuses in the Training Set

Items PD-LI Negative Group | PD-LI Positive Group | P
(CPS < 5, n=120) (CPS>5, n=41)
Location [n(%)] 0.327
Cardia 41 (34.2) 17 (41.5)
Body 38 31.7) 8 (19.5)
Antrum 41 (34.2) 16 (39.0)
Thickness 1.60 [1.40, 2.10] 1.80 [1.30, 2.30] 0.589
Tumor attenuation in arterial phase [HU, M (Q1,Q3)] | 26.00 [17.75, 39.00] 28.00 [19.00, 35.00] 0.583
Tumor attenuation in venous phase [HU, M (Q1,Q3)] | 46.00 [33.50, 60.25] 37.00 [24.00, 53.00] 0.034
Tumor attenuation in delayed phase [HU, M (Q1,Q3)] | 49.50 [35.00, 64.50] 40.00 [31.00, 52.00] 0.005
cT stage [n(%)] 0.186
TI 1 (0.8) I (2.4)
T2 11(9.2) 2 (4.9)
T3 28 (23.3) 6 (14.6)
T4a 58 (48.3) 18 (43.9)
T4b 22 (18.3) 14 (34.1)
cN stage [n(%)] 0.096
NO 56 (46.7) 10 (24.4)
NI 30 (25.0) 15 (36.6)
N2 18 (15.0) 9 (22.0)
N3 16 (13.3) 7(17.1)
EMVI [n(%)] 0.241
Yes 10 (8.3) 6 (14.6)
No 110 (91.7) 35 (85.4)
LNs with SD >1 [n(%)] 0.012
Presence 64 (53.3) 31 (75.6)
Absence 56 (46.7) 10 (24.4)
Ascites [n(%)] 0.752
Yes 18 (15.0) 7(17.1)
No 102 (85.0) 34 (82.9)
Peritoneal metastasis [n(%)] 106 (88.3) 38 (92.7) 0.694
Yes 6 (5.0 3(7.3)
No 114 (95.0) 38 (92.7)

Table 5 Multivariate Logistic Regression Analysis of Patients With GAC With
Varying PD-L| Expression Statuses in the Training Set

Items B SE OR (95% CI) P
Presence of LNs with SD >Icm 1.148 | 0.069 | 1.160 (1.013-1.327) | 0.033
Tumor attenuation in delayed phase | —0.004 | 0.002 | 0.996 (0.993-0.999) | 0.023

Construction of the Nomogram Model

Based on the logistic regression results for the variables under consideration, a nomogram model was developed using

the nomogram function in the R language rms package for visualizing the equation. The equation is F= —0.5573
+0.8469*short diameter of LNs-0.0231*CT attenuation values in the delayed phase. This model indicated that CT
attenuation values in the delayed phase were the most significant predictors of PD-L1 positivity, followed by the short

diameter of LNs (Figure 1).
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Figure | Nomogram predicting the expression of PD-LI in GC patients. For an individual patient, points for each of the 2 risk factors are summed to give a total points. The
horizontal axis representing the total points which was used to calculate the corresponding probability of the expression of PD-LI.
Abbreviations: SD, short diameter; LNs, lymph nodes.

Evaluation of the Nomogram

ROC curves were plotted, indicating areas under the curve (AUC) of 0.679 for the training set (Figure 2A) and 0.670 for
the validation set (Figure 2B). These values indicate that the model possesses satisfactory discriminative capability
(Figure 2).

The predictive performance of the model was validated using the Bootstrap self-sampling method. Patients in both the
training and validation sets were resampled 1,000 times and calibration curves were generated post-validation. The
dashed line represents the ideal scenario where predicted probabilities perfectly matched actual probabilities, while the
dotted line depicts the actual performance of the model. The solid line represents the bootstrapped corrected performance
of the model, with B = 1000 repetitions. The bias-corrected curve approached the ideal curve, indicating that the model’s
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Figure 2 The ROC curves of the training set (A) and validation set (B). The discrimination of the training set and the validation set of this study (blue line) were both better
than that of Wang et al’s model (red line).
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predictions closely align with the actual observations. The mean absolute error (MAE) was 0.024 in the training set
(Figure 3A) and 0.015 in the validation set (Figure 3B).

DCA demonstrated a high net benefit in both raining set (Figure 4A) and validation set (Figure 4B), affirming the
model’s satisfactory clinical applicability for predicting PD-L1 expression levels in GAC (Figure 4).
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Figure 3 Calibration curve of the training set (A) and validation set (B). The dashed line indicates the ideal nomogram in which the predicted and actual probabilities are
exactly the same. The dotted line represents the actual nomogram performance. The solid line shows the bootstrap corrected performance of our nomogram in this study
(B = 1000 repetitions). The calibration curve illustrates good predictive accuracy in the training set (A) and validation set (B).
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Figure 4 DCA for the the training set (A) and validation set (B). The Y-axis and the x-axis represent the net benefit and the threshold probability respectively. “All” refers
to the assumption that all patients express PD-L| and “None” to the assumption that no patient express PD-LI. The clinical net benefit of the training set and validation set
of this study (blue line) were higher than that of Wang et al (red line).
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Comparison With Other Models

Wang et al recently proposed a prediction model that correlates CT imaging features with PD-L1 expression levels,
evaluated by CPS in patients with gastric cancer.'"” However, this model has yet to be further validated. Using the data
from this study, we compared the proposed nomogram model with the model developed by Wang et al by plotting ROC
curves and DCA curves. The ROC curves revealed superior discriminative performance of the current model compared
to Wang’s model, with AUC of 0.679 versus 0.619 in the training set and 0.670 versus 0.668 in the validation set.
Additionally, the DCA curve showed that for the training set, the clinical net benefit of the model is higher than that of
Wang et al at threshold probabilities ranging from 0.21 to 0.39, and for the validation set, the clinical net benefit of the
model is higher than that of Wang et al at threshold probabilities ranging from 0.30 to 0.48 (Figure 4A and B).

Discussion

Clinically, assessing PD-L1 expression levels is crucial for evaluating the potential efficacy of immunotherapy. Elevated
PD-L1 expression is frequently associated with a more favorable response to immunotherapy. Evaluation of PD-L1
expression is conducted using criteria such as the CPS, tumor positive score (TPS), and immune cell proportion score
(IPS), with the choice of criterion dependent on the cancer type. Previous research has demonstrated that CPS is more
effective than TPS in predicting the prognosis of advanced gastric cancer and is recognized as a prognostic biomarker."?
A higher CPS score typically indicates greater tumor sensitivity to immunotherapy. The Checkmate 649 trial,
a randomized, open-label Phase 3 study, found that patients with gastric cancer and a PD-L1 CPS > 5 benefit from the
combination of PD-L1 inhibitors and chemotherapy.'* Accordingly, this study utilized CPS to evaluate PD-L1 expres-
sion, designating a CPS value > 5 as indicative of PD-L1 positivity. In this study, 28.6% (66/231) of patients exhibited
positive PD-L1 expression, a rate lower than previously reported proportions ranging from 37.3% to 59.8%.'>'° This
discrepancy may be attributed to variations in detection antibodies, thresholds for defining PD-L1 positivity, tissue
processing methods, and evaluation systems used to determine PD-L1 status.

Patients’ clinical information and laboratory findings were incorporated into this study. Notably, patient age, gender,
and family history showed no significant correlation with PD-L1 expression in GAC patients, which aligns with previous
research.®'® The laboratory results encompassed a range of tests including CBC (RBC, WBC, HGB, PLT, NEUT,
LYMPH, EOS), LDH, NLR, CEA, CA19-9, and AFP. CBC, a standard part of clinical examinations, and the tumor
markers CEA, CA19-9, and AFP, which are readily accessible through blood tests, were also assessed. Wang et al’s
research on “Peripheral blood nutrient indices as biomarkers for anti-PD-1 therapy efficacy and prognosis in patients with
advanced gastric cancer” demonstrated that the prognostic nutritional index (PNI), derived from CBC data, plays
a crucial role in predicting gastric cancer prognosis and is an independent predictor of the short-term efficacy of
immunotherapy for advanced gastric cancer.'’ Additionally, CEA, CA19-9, and AFP have been implicated in the
effectiveness of immunotherapy for gastric cancer patients. Their study indicated that patients responsive to immu-
notherapy exhibited lower CEA and CA19-9 levels post-treatment, with low PNI associated with increased CEA levels
and low advanced lung cancer inflammation index (ALI) associated with elevated AFP levels and PD-L1 negativity.'’
These findings suggest a potential correlation between CBC and tumor markers with PD-L1 expression in GAC
(Table 3). Based on these findings, our study included these indicators but did not find a significant correlation between
CBC, CEA, CA19-9, AFP, and PD-L1 expression in GAC, possibly due to insufficient sample size or the correlation not
being strong enough to achieve statistical significance. Prior studies have indicated differences in NLR and LDH among
patients receiving or not receiving PD-1/PD-L1 inhibitor therapy.'”'® Wang et al’s research identified NLR as a potential
predictor of immune-related adverse events (irAEs) in cancer patients treated with immune checkpoint inhibitors, with
post-treatment LDH potentially predicting the severity of irAEs.'” Mezquita et al suggested that LDH is independently
associated with overall survival and disease control rate in non-small cell lung cancer patients treated with immune
checkpoint inhibitors.'® Our study found there were no significant statistical differences in NLR and LDH between the
two groups (Table 3), leading us to conclude that NLR and LDH cannot serve as independent predictors of PD-L1
expression in gastric cancer. Further studies with larger sample sizes or multicenter studies may be necessary to obtain
more definitive results.
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In this study, it was observed that PD-L1 expression was more frequently associated with CT-positive LNs with
a short diameter of > 1 cm, aligning with the findings of Wang et al'® (Table 4, Figures 5 and 6). This association was
identified as an independent predictor of PD-L1 positivity (Table 5). PD-L1 is expressed on tumor cells as well as on
immune cells associated with the tumor. Wang et al have posited that PD-L1 may correlate with a more extensive
inflammatory response, which in turn can lead to lymph node enlargement.'® Furthermore, we conjecture that PD-L1 may
be implicated in lymphatic infiltration and metastasis. A meta-analysis of 1,901 gastric cancer patients indicated
a significantly reduced survival time for PD-L1 positive individuals (HR = 1.64, 95% CI: 1.11-2.43, P = 0.01),
suggesting a correlation between high PD-L1 expression and adverse outcomes, which supported our speculation.

Figure 5 A 56-year-old man with PD-LI-negative. The gastric wall was thickened at the cardia, the CT values of the lesion on plain scan (A) and in the arterial phase (B),
venous phase (C), delayed phase (D) were 27HU, 57HU, 76HU and 79HU, respectively. No enlarged lymph nodes, ascites and peritoneal metastasis were found in the
abdominal cavity. EMVI was negative, and the CT stage was cT2NO.

Abbreviation: EMVI, Extramural venous invasion.

Figure 6 A 64-year-old man with PD-L|-positive. The body of the gastric wall was thickened significantly, the CT values of the lesion on plain scan (A) and in the arterial
phase (B), venous phase (C), delayed phase (D) were 53HU, 104HU, [41HU and 120HU, respectively. There were a lot of enlarged lymph nodes around, and ascites and
peritoneal metastasis were not exist. EMVI was positive, and the CT stage was cT4N2.

Abbreviation: EMVI, Extramural venous invasion.
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Notably, 90% of the studies in this meta-analysis were conducted in Asian populations.'® Conversely, research from
Germany has suggested that elevated PD-L1 expression may be associated with improved prognosis.”® These discre-
pancies may be due to racial differences. Additionally, while it was hypothesized that PD-L1 expression might correlate
with poorer prognosis, this study found no significant relationship between PD-L1 expression and cT, cN, or M stages
(Table 3), which is consistent with the findings of Chen et al.?' However, several studies have reported that PD-LI
expression is prevalent in gastric cancer patients with advanced T stages and lymph node metastasis.”**> Therefore, the
relationship between gastric cancer staging and PD-L1 expression remains controversial and warrants further investiga-
tion with a larger study population. Furthermore, research indicates that patients with heightened PD-L1 expression on
immune cells face an elevated risk of disease recurrence and progression, and the utilization of PD-1/PD-L1 immune
checkpoint inhibitors has been shown to decrease the recurrence rates in a range of tumors, including gastric cancer.**
Based on these findings, it is reasonable to hypothesize that PD-L1 may also be correlated with the recurrence of
diseases.

In the study conducted by Wang et al, patients were categorized based on CPS cut-off values of 5 and 10."° The
findings indicated no significant difference in CT enhancement between the groups with CPS > 5 and CPS < 5. However,
patients with CPS > 10 exhibited greater arterial phase tumor enhancement compared to those with CPS < 10, which was
hypothesized to correlate with a higher presence of immune cells at the lesion site. In contrast, our study, found that CT
attenuation values during the venous and delayed phases were significantly associated with PD-L1 expression (Table 4),
while no such association was observed in the arterial phase (Table 4, Figures 5 and 6). The CT attenuation values in the
delayed phase emerged as an independent predictor for positive PD-L1 expression (Table 5). In theoretical terms, arterial
phase hemodynamics mirror the tumor’s arterial blood supply, which is largely contingent upon the density of
intratumoral neo vasculature. Conversely, venous phase hemodynamics depict the tumor’s microcirculatory conditions
and the diffusion of contrast media in the interstitial spaces, primarily signifying the permeability of the tumor’s neo
vasculature.’® Tumor enhancement on CT scans is often linked to tumor vascular density, with vascular endothelial
growth factor (VEGF) playing a crucial role in angiogenesis and potentially influencing PD-L1 expression. Previous
research has established a positive correlation between PD-L1 expression and VEGF in patients with clear cell renal cell
carcinoma and glioma.?**> Additionally, M2 macrophages have been shown to produce VEGF autocrine signals that
upregulate PD-L1 expression.”” Hence, PD-L1 may be correlated with the generation of new blood vessels within
tumors. The study by Yin et al demonstrates that gastric cancers with intratumoral microvascular invasion exhibit
a significantly higher arterial phase contrast enhancement ratio (CER) compared to those without such invasion,
potentially linking to neovascularization. In gastric cancers with intratumoral microvascular invasion, the CER during
the arterial phase is notably lower than in non-invasive cases, which could be attributed to the permeability of the blood
vessels.”® In gastric cancers with microvascular invasion, PD-L1-driven immunosuppression in the tumor microenviron-
ment might facilitate microvascular aggression, and the incomplete neovascular walls of the tumor are more permeable
than healthy blood vessels, further augmenting the tumor’s blood supply.®** Our study reveals that the CT enhancement
values during the venous and delayed phases are lower in the PD-L1-positive group than in the PD-L1-negative group. It
is hypothesized that PD-L1 expression enhances tumor aggressiveness, increases the density of intratumoral micro
vessels, and raises their permeability, consequently leading to a quicker drainage of the contrast agent and reduced CT
enhancement values in the venous and delayed phases. However, additional multicenter studies are required to validate
these findings and elucidate the underlying pathophysiological mechanisms.

Current research indicates that a positive CT-EMVI status serves as an independent predictor for local tumor
recurrence, metachronous lymph node and distant metastasis, and increased overall mortality.”*=° This status is often
observed in patients with stage T4 gastric cancer and those with lymph node metastasis.'*'®*! Despite the common
occurrence of PD-L1 expression in patients with advanced gastric cancer (Figure 6), this study did not find a correlation
between CT-EMVI and PD-L1 expression (Table 4). Peritoneal metastasis, a frequent site of metastasis in gastric cancer
and a marker of poor prognosis, typically shows less frequent PD-L1 expression.’*** In another study, peritoneal
metastases showed PD-L1 expression less frequently.>* This study also found no significant correlation between ascites
and PD-L1 expression (Table 4).
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The nomogram model developed in this study, which incorporates the short diameter of LNs observed in CT scans,
and CT attenuation values in the delayed phase, demonstrated high efficacy in differentiating PD-L1 expression in both
the training and validation datasets. The delayed phase CT enhancement value contributes the most to predicting PD-L1
positivity, indicating that CT features have significant importance for predicting the expression of PD-L1 in gastric
cancer (Figure 2). The calibration curve further validated the model’s performance, revealing a strong agreement between
the predicted and actual probabilities of PD-L1 positivity, indicating its practical utility and significant clinical benefit
(Figure 3). This model not only offers valuable insights for clinical decision-making but also translates complex
regression equations into visual graphs, thus enhancing its practical application and usability. Compared with the
model proposed by Wang et al, this model was superior in terms of discriminatory power and clinical benefit, as
evidenced by the comparative analyses in the training and validation sets (Figures 2 and 4). This reinforces the
nomogram’s effectiveness in predicting PD-L1 expression in gastric adenocarcinoma and highlights its clinical relevance.

This study has several limitations. First, the inclusion of both resectable early-stage gastric adenocarcinoma and
unresectable advanced gastric adenocarcinoma may introduce confounding variables. Second, the use of a CPS threshold
of 5 for grouping may contribute to inconsistencies in the results. Third, the relatively small sample size limits the
robustness of the data model, indicating a need for larger samples to improve model stability. Fourth, the CT features
analyzed were influenced by physician-dependent factors, including the delineation of the ROI and the measurement of
lymph node diameters. Additionally, the study did not include radiomics analysis, which could impact the objectivity and
reproducibility of the data. Future research should integrate radiomics to enhance diagnostic accuracy and efficiency.

Conclusion

CT imaging can be an effective clinical approach for predicting PD-L1 expression. In this study, PD-L1 positive (CPS
> 5) was frequently observed in patients having GAC with a short diameter of LNs > 1 c¢m, and no notable CT
enhancement in the delayed phase. Furthermore, the nomogram model established based on CT imaging features
demonstrated strong predictive capability for PD-L1 expression and showed significant clinical utility. Most hospitals
can obtain the relevant data on lymph nodes short diameter, and delayed phase CT attenuation values from CT imaging
assessments. Further research is needed to explore the potential of these indicators as biomarkers for anti-PD-L1 therapy,
which could aid in differentiating tumor subtypes and developing personalized immunotherapies based on molecular
profiles.
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