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Background: Gastric cancer (GC) with distant metastases has a poor prognosis, and immune checkpoint inhibitors (ICIs) effectively
improve the survival time of patients with this disease. This study aimed to identify effective prognostic markers that can predict the
treatment effect of ICIs in patients with stage IV GC.

Methods: This study included 256 patients with GC with distant metastases who had received treatment with ICIs. A receiver
operating characteristic (ROC) curve was used to analyze the predictive ability and optimal cutoff values of immune-inflammatory
markers. Kaplan—Meier survival curves were used to analyze the differences in progression-free survival (PFS) and overall survival
(OS) among patients. Cox proportional hazard regression analysis was used to identify independent prognostic factors for PFS and OS.
Results: By comparing the area under the ROC curve (AUC) of immune-inflammatory markers, we selected the preoperative platelet
count/(lymphocyte count x prealbumin count) ratio and fibrinogen/albumin ratio to form a combined score (PLPR—FAR score). The
ROC curve revealed that when the PLPR-FAR score was used to predict patient PFS and OS, the AUC were 0.614 and 0.672,
respectively. The Kaplan—Meier survival curve revealed that patients with higher PLPR—FAR scores had significantly shorter PFS and
OS than those with lower PLPR—FAR scores. Cox proportional hazard regression analysis revealed that the PLPR-FAR score was an
independent risk factor for PFS and OS in stage IV GC patients.

Conclusion: The PLPR-FAR score may help identify which patients are more likely to benefit from ICIs treatment, and could serve as
a novel and promising prognostic biomarker.

Keywords: gastric cancer, immune checkpoint inhibitors, prognosis, immune-inflammatory markers

Introduction
Gastric cancer (GC) is a type of cancer type with one of the highest incidence and mortality rates worldwide, with over
1 million new cases globally in 2020 and approximately 769,000 deaths attributed to GC." The East Asian region has the
highest incidence rate of GC.> Owing to the large number of patients with GC being diagnosed at an advanced stage of
cancer, the disease prognosis in these patients has remained poor.>* Patients with distant metastases of GC have a median
survival time of less than half a year.” However, the emergence of immune checkpoint inhibitors (ICIs) has brought new
hope to patients with metastatic GC, proving to be effective in extending the survival time of patients with GC.*’
ICIs mainly target programmed death 1 (PD-1) or its ligand (PD-L1). Therefore, the expression levels of PD-L1 on
tumor cells or tumor-associated immune cells can reflect the therapeutic effect of ICIs to some extent.® Studies have also
shown that microsatellite instability plays an important role in guiding treatment decisions. Patients with GC with high
microsatellite instability benefit less from perioperative and adjuvant chemotherapy but are more sensitive to
immunotherapy.”'® In addition, tumor mutation burden levels have been shown to have similar effects.'""'> However,

Journal of Inflammation Research 2025:18 6491-6504 6491
Received: 17 February 2025 © 2025 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 25 April 2025
Published: 22 May 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0000-9590-4317
http://orcid.org/0009-0000-6905-0813
http://orcid.org/0009-0004-6226-1262
http://orcid.org/0009-0002-2284-4338
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yang et al

according to previous reports, these markers are expressed at low levels or not at all in the majority of patients.'*'*

Notably, some studies have shown that cancer patients in whom PD-L1 is not expressed may still achieve certain survival
benefits from immunotherapy.'® Hence, finding more accessible biomarkers that can effectively predict the outcomes of
immunotherapy for patients with stage IV GC is highly important.

Inflammation is an important component of the tumor immune microenvironment. Inflammation has been reported to
play a significant role in the occurrence and development of various cancers.'® Moreover, some inflammatory markers
have also been found to predict the response of cancer patients to immunotherapy.'” For example, one study indicated
that the neutrophil-to-lymphocyte ratio can effectively predict the treatment outcome of stage III non-small cell lung
cancer patients receiving immunotherapy.'® In the field of GC, many similar studies have been conducted, and
inflammatory indices such as the gastric immune prognostic index and neutrophil-to-lymphocyte ratio are considered
effective in predicting the prognosis of advanced GC in patients receiving ICI treatment.'**° In addition to inflammatory
responses, the nutritional status of patients is also an important factor reflecting the treatment tolerance and tumor
progression of cancer patients.”' Especially for GC patients, due to reduced food intake and a higher risk of cachexia,
malnutrition is very common among them.*>** Researchers have reported that various nutritional assessment systems,
such as the prognostic nutritional index and body mass index, are related to the immunotherapy outcome of patients with
GC.*** However, it is necessary to consider that GC is a highly heterogeneous disease, especially in patients with
distant metastases, and a single hematological indicator has difficulty in effectively predicting the prognosis of GC in
patients receiving ICIs treatment.® In comparison, the combination of multiple indicators is more likely to help identify
potential populations that may benefit from immunotherapy.?’

The primary aim of this study was to identify inflammatory markers that can reliably predict the treatment outcomes
of patients with stage IV GC receiving ICIs therapy. We selected two inflammatory markers with the highest predictive
accuracy to develop a combined scoring system. Furthermore, a nomogram was constructed on the basis of this combined
score to predict both progression-free survival (PFS) and overall survival (OS) in these patients. This model aims to
provide more precise prognostic information, supporting clinicians in making informed treatment decisions and facil-

itating the development of individualized treatment plans.

Materials and Methods

Patients

This study included 256 GC patients who were treated with immunotherapy at Harbin Medical University Cancer
Hospital from September 2018 to August 2022. The types of ICIs received by these patients were camrelizumab
(N=135), toripalimab (N=47), sintilimab (N=49), pembrolizumab (N=14) and nivolumab (N=11). The diagnosis of
patients was based on tissue samples obtained during gastroscopy, and the pathological tissue was examined by
a pathologist to confirm the diagnosis.

The inclusion criteria were as follows: (1) patients with GC which was diagnosed by pathological biopsy; (2) patients
with GC with distant metastasis; (3) patients who received more than one cycle of ICIs therapy. The exclusion criteria
were as follows: (1) patients who had received neoadjuvant therapy or conversion therapy before the operation; (2)
patients with gastric stump cancer; (3) patients with other primary malignant tumors in addition to GC; (4) patients who
had received chemotherapy at other institutions before receiving chemotherapy at our institution; (5) patients with
autoimmune diseases.

Data Extraction

This study collected 33 clinical data items from 256 patients with GC. Specifically, these data included sex, age, smoking
status, drinking status, curative gastrectomy status, tumor location, number of cycles of ICIs therapy received, number of
distant metastasis sites, body mass index, 20 hematological indicators, and 6 immune-inflammatory markers. Patients’
blood samples were collected within 7 days prior to starting immunotherapy. The calculation methods for the immune-
inflammatory markers are as follows: MLR = monocyte count/lymphocyte count; DIR = direct bilirubin level/indirect
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bilirubin level, PLPR = platelet count/(lymphocyte count x prealbumin count); NLR = neutrophil count/lymphocyte
count; FAR = fibrinogen level/albumin level; APR = alkaline phosphatase level/prealbumin level.

Study Outcome and Follow-up

The primary outcome of this study was the PFS, and the secondary endpoint was the OS of the patients. PFS was defined
as the period from the date of the first ICIs treatment to the date of cancer progression or death of the patient. OS was
defined as the period from the date of the first ICIs treatment to the date of death of the patient from any cause. The cutoff
date for follow-up was set at one year; if some patients experienced cancer progression or death within a year, these
patients were recorded as having an outcome event. Patients were followed up by telephone every three months until
death or completion of 12 months of follow-up. The last follow-up date was September 1, 2023. During treatment with
IClIs, all patients underwent tumor marker or radiological examinations (ultrasound, CT, and gastroscopy) every 3—6
months. Additionally, PET/CT scans were performed as needed and evaluated by radiologists and clinicians to assess
tumor progression.

Statistical Analysis

In this study, categorical variables were described as frequencies and percentages; continuous variables were represented
by means and standard deviations or medians and interquartile ranges. The predictive performance of immune-
inflammatory markers was compared using the receiver operating characteristic (ROC) curves and the area under the
ROC curve (AUC). The optimal cutoff value for immune-inflammatory markers was determined on the basis of Youden’s
index. The Kaplan—Meier survival curve was used to evaluate the differences in OS or PFS between patients. The Cox
regression model was used to analyze independent risk factors associated with PFS or OS. The hazard ratio (HR) and
95% CI were estimated for each factor. All the statistical analyses were performed using R software version 4.2.3. P <
0.05 was considered statistically significant.

Results

Patient Characteristics

The clinical and pathological characteristics of the patients are presented in Table 1. According to the inclusion and
exclusion criteria, a total of 256 patients with stage IV GC who received ICIs treatment were included in this study. The
median age of these patients was 60 years. Among them, 175 (68.4%) were male, and 81 (31.6%) were female. Cancer
was located in the distal part of the stomach in 119 (46.5%) patients. Moreover, the median number of distant metastasis
sites was 2, and the median number of cycles of immunotherapy was 3.

Inflammation Index and Combined Score

To more accurately predict the treatment outcome and prognosis of GC in patients receiving ICIs treatment, we
performed ROC analysis for each inflammation index. The two immune-inflammatory markers with the highest AUC
were selected to form a combined scoring system. The results revealed that when these immune-inflammatory markers
were used to predict patient PFS, the optimal cutoff values for the MLR, DIR, PLPR, NLR, FAR, and APR were 0.2192,
0.2126, 1.1836, 2.4757, 0.0989, and 0.6027, respectively. Moreover, their AUC were 0.541 (95% CI: 0.478-0.604),
0.528 (95% CI: 0.510-0.634), 0.605 (95% CI: 0.542-0.665), 0.542 (95% CI: 0.478-0.604), 0.573 (95% CI:
0.478-0.604), and 0.553 (95% CI: 0.490-0.615) (Figure 1A). Moreover, when these immune-inflammatory markers
were used to predict patient OS, the optimal cutoff values for the MLR, DIR, PLPR, NLR, FAR, and APR were 0.3285,
0.2126, 0.9199, 2.4757, 0.0965, and 0.6027, respectively. The AUC were 0.561 (95% CI: 0.498-0.623), 0.529 (95% CI:
0.466-0.592), 0.643 (95% CI: 0.581-0.702), 0.572 (95% CI: 0.509-0.634), 0.633 (95% CI: 0.571-0.693), and 0.605
(95% CI: 0.542-0.665) (Figure 1B). Therefore, we constructed the PLPR-FAR scoring system on the basis of the optimal
cutoff values. In this scoring system, patients with both a PLPR and FAR below the optimal cutoff values were scored as
0, those with both indicators above the optimal cutoff values were scored as 2, and patients with only one indicator above
the optimal cutoff value were scored as 1. ROC analysis indicated that when the PLPR-FAR scoring system was used to
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Table | Clinicopathological Features of All Patients

Age (median [IQR])

Operation (%)

No

Yes

Smoking (%)

No

Yes

Alcohol drinking (%)

No

Yes

Body mass index (median [IQR])

Tumor location (%)

Low

Medium

High

Whole

Number of metastatic sites (median [IQR])
Chemotherapy cycles (median [IQR])
MLR (median [IQR])

DIR (median [IQR])

NLR (median [IQR])

APR (median [IQR])

FAR (median [IQR])

PLPR (median [IQR])

Eosinophil (median [IQR])

Basophilic granulocyte (median [IQR])
Red blood cell (median [IQR])
Hemoglobin (mean (SD))

Hematocrit (median [IQR])

Mean corpuscular volume (median [IQR])
Mean corpuscular hemoglobin (median [IQR])
Mean corpuscular hemoglobin concentration (median [IQR])
Red cell distribution width (median [IQR])
Mean platelet volume (median [IQR])
Platelet distribution width (median [IQR])
Platelet crit (median [IQR])

Alanine aminotransferase (median [IQR])
Aspartic transaminase (median [IQR])
Total bile acid (median [IQR])
Cholinesterase (mean (SD))

Urea (median [IQR])

Creatinine (median [IQR])

Uric acid (median [IQR])
Carcinoembryonic antigen (median [IQR])

Overall
n 256
Sex (%)
Male 195 (68.4)
Female 81 (31.6)

60.00 [52.00, 66.00]

160 (62.5)
96 (37.5)

189 (73.8)
67 (26.2)

211 (82.4)
45 (17.6)
21.75 [19.68, 23.97]

119 (46.5)
84 (32.8)
47 (18.4)
6 (2.3)
2.00 [1.00, 2.25]
3.00 [2.00, 6.00]
0.34 [0.23, 0.45]
0.26 [0.23, 0.32]
2.58 [1.69, 3.92]
0.55 [0.39, 0.77]
0.10 [0.08, 0.12]
0.77 [0.47, 1.28]
0.09 [0.04, 0.14]
0.02 [0.01, 0.03]
4.13 [3.63, 457]
121.22 (18.89)
36.88 [33.50, 40.32]
91.71 [86.88, 97.90]
30.20 [28.28, 32.20]
328.00 [317.75, 335.00]
15.05 [13.30, 18.44]
10.00 [9.30, 10.70]
12.47 [10.70, 15.50]
0.22 [0.17, 0.28]
14.91 [10.00, 23.00]
24.00 [18.00, 31.00]
436 [2.20, 7.83]
5741.65 (1529.57)
5.40 [4.50, 6.50]
72.00 [63.00, 83.00]
297.00 [239.80, 344.25]
5.73 [2.46, 17.84]

Abbreviations: IQR, interquartile range; SD, standard deviation; MLR, monocyte count/lymphocyte
count; DIR, direct bilirubin level/indirect bilirubin level; PLPR, platelet count/(lymphocyte count X
prealbumin count); NLR, neutrophil count/lymphocyte count; FAR, fibrinogen level/albumin level; APR,

alkaline phosphatase level/prealbumin level.
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Figure 1 ROC Analysis of different immune-inflammatory markers and PLPR-FAR Score. (A) Different immune-inflammatory markers were used to assess tumor

progression risk. (B) Different immune-inflammatory markers were used to evaluate survival time. (C) PLPR-FAR score were used to predict the tumor progression of
patients. (D) PLPR-FAR score were used to predict the survival time of patients.

predict patients’ PFS, the AUC was 0.614 (95% CI: 0.550-0.678) (Figure 1C). When the PLPR-FAR scoring system was
used to predict patients’ OS, the AUC was 0.672 (95% CI: 0.609-0.734) (Figure 1D). In addition, we also performed
a 10-fold cross-validation ROC analysis. The results revealed that when the PLPR—FAR scoring system was used to
predict patient PFS, the average AUC was 0.600, and when it was used to predict patient OS, the average AUC was
0.630 (Figure S1).
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PLPR-FAR and PFS

Chi-square tests revealed that the PLPR—FAR score was significantly associated with clinical characteristics, including
the number of metastatic sites and cycles of immunotherapy. Specifically, patients with higher PLPR—FAR scores tended
to have more metastatic sites (P=0.011) and fewer cycles of ICIs treatment (P=0.004) (Table S1). Moreover, the mean
PFS times for patients with PLPR-FAR scores of 0, 1, and 2 were 10.330 months (95% CI: 9.832—10.828), 8.679 months
(95% CI: 7.889-9.469), and 7.659 months (95% CI: 6.553-8.765), respectively. The 1-year PFS rates were 65.2%,
47.7%, and 39.6%, respectively (P<0.001) (Figure 2).

Univariate Cox proportional hazards regression analysis indicated that age (P=0.022), BMI (P=0.009), tumor location
(P=0.020), number of cycles of immunotherapy (P=0.002), PLPR-FAR score (P<0.001), platelet distribution width
(P=0.030), cholinesterase levels (P=0.005), and uric acid levels (P=0.029) were significantly associated with PFS in
patients receiving ICIs treatment for GC. However, multivariate analysis revealed that only age (P=0.015), tumor
location (P=0.034), number of cycles of immunotherapy (P=0.019), PLPR-FAR score (P=0.003), and uric acid levels
(P=0.009) were independent prognostic factors related to tumor progression (Table 2).

We combined the independent prognostic factors related to tumor progression to construct a nomogram for predicting tumor
progression (Figure 3A). On the basis of the nomogram results, we calculated each patient’s risk score and conducted ROC
analysis. The results revealed that when the nomogram was used to predict patient tumor progression, the AUC was 0.705 (95%
CI: 0.640-0.769) (Figure 3B). The results of the 10-fold cross-validation ROC analysis revealed that the average AUC of the
nomogram was 0.700 (Figure S2A). On the basis of the maximum Youden index, we subsequently determined the optimal cutoff
value for the risk score, dividing the patients into high-risk and low-risk groups. Kaplan—Meier survival analysis revealed that the

b= — PLPR-FAR=0
PLPR-FAR=1
== PLPR-FAR=2
Z
8 08 -
=
~
=
B~
E
j=3
w2
[}
L 0.6 1
&9
2
2
a
o
&h
e
&
0.4 1
Log-rank P <0.001
1 1 | 1 1
0 3 6 9 12
time (Months)
PLPR-FAR=0 115 113 103 85 75
PLPR-FAR=2 53 47 30 24 21

Figure 2 Kaplan-Meier survival curve analysis of PLPR-FAR Score for assessing tumor progression.
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Table 2 Univariate and Multivariate Cox Proportional Hazards Regression Analysis with PFS or OS as the Outcome

Characteristics PFS os
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
Hazard Ratio P value Hazard Ratio P value Hazard Ratio P value Hazard Ratio P value
(95% CI) (95% CI) (95% CI) (95% CI)
Sex
Male Reference Reference
Female 1.08 (0.73-1.58) 0.699 1.03 (0.68-1.57) 0.871
Age 0.98 (0.97-1) 0.022 0.98 (0.96—1) 0.015 0.99 (0.97-1) 0.096
Operation
No Reference Reference
Yes 0.88 (0.61-1.29) 0.522 0.87 (0.58-1.31) 0.505
Smoking
No Reference Reference
Yes 0.87 (0.58-1.32) 0518 0.88 (0.56—1.37) 0.573
Alcohol drinking
No Reference Reference Reference
Yes 0.77 (0.47-1.28) 0314 0.66 (0.38-1.16) 0.153
Body mass index 0.93 (0.87-0.98) 0.009 0.97 (0.92-1.02) 0.243 0.91 (0.85-0.97) 0.003 0.96 (0.91-1.02) 0.208
Tumor location (%)
Low Reference Reference Reference
Medium 1 (0.66-1.51) 0.998 1.08 (0.71-1.65) 0.718 0.97 (0.62—1.51) 0.897 1.05 (0.67—-1.66) 0.825
High 0.84 (0.51-1.41) 0.513 0.83 (0.49-1.42) 0.505 0.76 (0.43-1.34) 0.347 0.69 (0.38-1.24) 0.214
Whole 2.98 (1.19-7.46) 0.020 2.82 (1.08-7.32) 0.034 3.65 (1.45-9.19) 0.006 3.52 (1.31-9.46) 0.013
Number of metastatic sites 1.09 (0.93-1.28) 0.295 0.344 (0.084-1.415) 0.139 1.19 (1.01-1.4) 0.035 1.09 (0.9-1.32) 0.369
Chemotherapy cycles 0.89 (0.83-0.96) 0.002 0.92 (0.85-0.99) 0.019 0.83 (0.77-0.91) <0.001 0.88 (0.81-0.96) 0.005
PLPR-FAR
0 Reference Reference Reference Reference
| 1.84 (1.21-2.82) 0.005 1.9 (1.22-2.94) 0.004 2.88 (1.68-4.95) <0.001 2.83 (1.61-4.96) <0.001
2 2.47 (1.55-3.94) <0.001 2.26 (1.33-3.82) 0.003 4.11 (2.38-7.08) <0.001 3.9 (2.1-7.26) <0.001
MLR 0.99 (0.48-2.03) 0.979 1.21 (0.59-2.46) 0.599
DIR 1.22 (0.41-3.62) 0.723 1.12 (0.34-3.63) 0.856
NLR 1.02 (0.97-1.07) 0.453 1.03 (0.98-1.08) 0.195
APR 0.99 (0.97-1.02) 0.561 0.99 (0.97-1.02) 0.597
Eosinophil 1.17 (0.61-2.26) 0.64 1.25 (0.63-2.47) 0.529
Basophilic granulocyte 0.05 (0-140.98) 0.457 0.07 (0-328.39) 0.534
Red blood cell 0.73 (0.56-0.95) 0.021 0.67 (0.51-0.9) 0.006 1.06 (0.66—1.7) 0.805
Hemoglobin 0.99 (0.98-1) 0.115 0.99 (0.98-1) 0.019 1 (0.98-1.02) 0.829
Hematocrit 0.98 (0.96-1.01) 0.221 0.98 (0.95-1) 0.065
Mean corpuscular volume 1.01 (0.99-1.03) 0.162 1.02 (1-1.04) 0.033 1.03 (1-1.06) 0.050
Mean corpuscular hemoglobin 1.05 (1-1.11) 0.07 1.05 (0.99-1.11) 0.102
Mean corpuscular hemoglobin concentration 1.01 (0.99-1.02) 0.318 1 (0.99-1.02) 0.64
Red cell distribution width 1.02 (1-1.04) 0.053 1.02 (1-1.04) 0.023 1.02 (0.99-1.04) 0.136
Mean platelet volume 0.95 (0.83-1.08) 0.427 0.95 (0.83-1.09) 0.48
Platelet distribution width 0.93 (0.87-0.99) 0.030 0.95 (0.88-1.01) 0.117 0.93 (0.87-1) 0.048 0.94 (0.87-1.01) 0.100
Platelet crit 3 (0.5-18.01) 0.229 2.85 (0.42-19.2) 0.281
Alanine aminotransferase 1.01 (0.99-1.02) 0.323 1 (0.99-1.02) 0.597
Aspartic transaminase 1 (0.99-1.01) 0.747 1 (0.99-1.01) 0.754
Total bile acid 1.01 (0.99-1.03) 0.195 1.02 (1-1.04) 0.073
Cholinesterase 1 (1-1) 0.005 1 (1-1) 0.598 1 (1-1) <0.001 1 (1-1) 0.562
Urea 0.95 (0.87-1.04) 0.247 0.94 (0.85-1.04) 0.245
Creatinine 1 (0.99-1.01) 0.972 I (1-1.01) 0.602
Uric acid 1 (1-1) 0.029 1 (1-1) 0.009 1 (1-1) 0.033 1 (1-1) 0.011
Carcinoembryonic antigen 1 (1-1) 0.232 1 (1-1) 0.364

Note: The bolded numbers represent results with statistical significance (p-value less than 0.05).

Abbreviations: Cl, confidence interval; PFS, progression-free survival; OS, overall survival; MLR, monocyte count/lymphocyte count; DIR, direct bilirubin level/
indirect bilirubin level; PLPR, platelet count/(lymphocyte count X prealbumin count); NLR, neutrophil count/lymphocyte count; FAR, fibrinogen level/albumin level;
APR, alkaline phosphatase level/prealbumin level.
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Figure 3 The nomogram for predicting tumor progression of patients and the evaluation of the predictive ability of the model. (A) Nomogram predicting tumor
progression. (B) ROC analysis of the nomogram. (C) Kaplan-Meier survival curve of risk scores derived from the nomogram. (D) Decision curve analysis of the nomogram.
*p < 0.05, ¥p < 0.01, ¥*p < 0.001.

PFS of patients in the high-risk group was significantly shorter than that of patients in the low-risk group (P<0.001) (Figure 3C).
Moreover, decision curve analysis revealed that the use of the nomogram to predict patient tumor progression had a good net
benefit (Figure 3D).
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PLPR-FAR and OS

Chi-square tests revealed that the PLPR—FAR score was significantly associated with the number of metastatic sites
(P=0.03) and cycles of immunotherapy (P=0.002) in patients with stage IV GC receiving ICIs treatment (Table S1).
Furthermore, Kaplan—Meier survival analysis indicated that patients with higher PLPR-FAR scores generally had shorter
survival times. The mean OS times for patients with PLPR-FAR scores of 0, 1, and 2 were 11.151 months (95% CI:
10.738-11.563), 9.420 months (95% CI: 8.739-10.100), and 8.135 months (95% CI: 7.209-9.062), respectively. The
1-year survival rates were 79.8%, 52.2%, and 43.1%, respectively (P<0.001) (Figure 4).

Univariate Cox proportional hazards regression analysis revealed that characteristics related to OS included body mass index
(P=0.003), tumor location (P=0.006), number of metastatic sites (P=0.035), number of cycles of immunotherapy (P<0.001),
PLPR-FAR score (P<0.001), PLPR-FAR (P<0.001), red blood cells (P=0.006), hemoglobin (P=0.019), mean corpuscular
volume (P=0.033), red cell distribution width (P=0.023), platelet distribution width (P=0.048), cholinesterase levels (P<0.001),
and uric acid levels (P=0.033). Multivariate analysis revealed that tumor location (P=0.013), number of cycles of immunotherapy
(P=0.005), PLPR-FAR score (P<0.001), and uric acid levels (P=0.011) were independent prognostic factors for OS (Table 2).

On the basis of the results of multivariate analysis, researchers used tumor location, number of cycles of immunotherapy,
PLPR-FAR score, and uric acid levels to construct a nomogram for predicting the 1-year mortality rate of patients (Figure SA).
Similarly, we calculated each patient’s risk score and performed ROC analysis. When the nomogram was used to predict the
1-year mortality rate of patients with stage IV GC receiving ICIs treatment, the AUC was 0.754 (95% CI: 0.692-0.815)
(Figure 5B). The results of the 10-fold cross-validation ROC analysis revealed that the average AUC of the nomogram was
0.750 (Figure S2B). On the basis of the ROC analysis, we subsequently calculated the optimal cutoff value for the risk score
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0.8 1
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Figure 4 Kaplan-Meier survival curve analysis of PLPR-FAR score for evaluating patient survival time.
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Figure 5 The nomogram for predicting patient survival time and the evaluation of the predictive ability of the model. (A) Nomogram predicting patient survival time. (B) ROC
analysis of the nomogram. (C) Kaplan-Meier survival curve of risk scores derived from the nomogram. (D) Decision curve analysis of the nomogram. **p < 0.01, **p < 0.001.

and divided all patients into high-risk and low-risk groups. Kaplan—-Meier survival analysis revealed that the OS of patients in
the high-risk group was significantly shorter than that of patients in the low-risk group (P<0.001) (Figure 5C). Decision curve
analysis revealed that the nomogram based on the PLPR-FAR score had a good ability to predict patient OS (Figure 5D).
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Discussion

In recent years, the application of ICIs in the field of GC has been increasing globally.?® The efficacy of ICIs has been
verified by many large clinical trials, showing that it can reduce tumor size and significantly prolong the survival time of
some patients.”’*° Biomarkers such as PD-L1 and tumor mutation burden are considered rational markers for assessing
the effectiveness of ICIs.''*' However, the application of these biomarkers in clinical practice has always faced some

32 second,

challenges and limitations. First, the detection process for these tumor-derived markers is often invasive;
studies have indicated that the expression levels of PD-L1 can vary within different areas of the same tumor;>* third, the
expression levels of PD-L1 may fluctuate during treatment.** Fortunately, previous reports have indicated that some
cancer patients in whom PD-L1 is not expressed can also gain significant survival benefits from immunotherapy.'® These
observations suggest that it is necessary to find new predictive factors to assess which patients with GC are more likely to
benefit from the application of ICIs.

Previous studies have revealed a correlation between immune infiltration in the tumor immune microenvironment and
the response of patients with GC to immunotherapy.>>® Some inflammation indices derived from peripheral blood can
effectively predict the survival time of patients with advanced GC receiving ICIs treatment.”” Through univariate and
multivariate Cox analysis, we found that the PLPR-FAR score is an independent risk factor for both PFS and OS of GC
patients receiving ICIs treatment. Characteristics with the same effect also include the extent of GC and the cycles of
immunotherapy. Furthermore, through chi-square tests, we found that GC patients with higher PLPR-FAR score tend to
have a greater number of metastatic sites and fewer cycles of ICIs treatment. Reports by Chen et al indicated that the
number of metastatic sites significantly affects the survival time of patients with advanced GC.*” These findings further
confirm that the PLPR-FAR scoring system is a potential new biomarker for determining the effectiveness of immu-
notherapy, suggesting that patients with GC with a PLPR—FAR score of 0 might be suitable candidates for ICIs treatment.

In previous studies, both the PLPR and FAR have been proven to be significantly associated with the prognosis of GC
patients.*®*° However, no studies have explored their potential to predict immunotherapy outcomes in patients with GC.
The PLPR consists of platelets, lymphocytes, and prealbumin, whereas the FAR consists of fibrinogen and albumin. The
relationship between these hematological markers and cancer has drawn considerable attention. It has been reported that
cancer activates the IL-6 synthesis pathway, increasing fibrinogen release and leading to elevated levels of fibrinogen in
the blood.*® Fibrinogen is transformed into fibrin by thrombin in the coagulation process, which is vital for tumor
progression and metastasis.*’** The accumulation of fibrin/fibrinogen triggers fibrinolysis, causing degradation of the
extracellular matrix, creating a supportive environment for tumor cell attachment, and stimulating mitos.***> Tumor cells
induce platelet aggregation and thrombin formation, promoting fibrinogen to aggregate around tumor cells, forming
a dense fibrin(ogen) layer, which helps tumor cells evade NK cell-mediated killing.*® As fundamental components of
various immune-inflammatory markers, lymphocytes are highly important to cancer patients and are capable of inhibiting
the migration of circulating tumor cells by secreting interferon-y.*” Research indicates that lymphocytes play crucial roles
in killing tumor cells by promoting cytotoxic cell death and mediating immune responses through cytokine production.*®
Albumin and prealbumin, both synthesized by the liver, are blood indicators that can reflect the nutritional status of
patients. Patients with lower levels of albumin or prealbumin tend to have shorter survival times.***° Additionally, cancer
patients with reduced albumin levels have a higher risk of developing venous thromboembolism.>! This study combines
these classic hematological indicators to construct the PLPR-FAR scoring system. Survival analysis revealed that
patients with lower PLPR-FAR scores tended to have significantly longer PFS and OS (P<0.001). This combined
scoring system not only reflects the tumor’s biological characteristics and the patient’s systemic inflammation status but
also takes into account nutritional status and coagulation function, providing a multidimensional perspective for assessing
the prognosis of stage IV GC.

Recently, nomogram have been widely used to predict the prognosis of patients with various cancers.’*>> In this
study, we combined the results of multivariate Cox proportional hazards regression analysis to construct nomogram for
PFS and OS of stage IV GC patients receiving ICIs treatment. ROC analysis results show that the AUC for predicting
patients’ PFS and OS using nomogram were 0.705 (95% CI: 0.640—0.769) and 0.754 (95% CI: 0.692—0.815), respec-
tively. Additionally, nomogram also have the functionality of visualizing the risk of each feature. For example, according
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to Figures 3A and 5A, we can clearly understand that the most relevant risk factor for patients’ OS is PLPR-FAR=2; the
most relevant risk factor for patients’ PFS is total GC, followed by PLPR-FAR=2. Therefore, Total gastric cancer that
combine multiple indicators are convenient and effective for assessing the immunotherapy outcome of GC patients and
are worthy of clinical application.

Notably, this study has several limitations. First, this was a retrospective study, and all the subjects were from the
same center, which inevitably increased the risk of selection bias. Second, our sample size was small, and although we
found that the PLPR—FAR score might be a potential biomarker for predicting the immunotherapy outcome of patients
with GC, large prospective randomized controlled studies are needed to address these limitations and verify whether our
research results are accurate.

Conclusion

We developed a novel and effective prognostic score called the PLPR-FAR score, which is an independent risk factor for
both PFS and OS of patients with stage IV GC receiving ICIs treatment and may help identify which patients are more
likely to benefit from ICIs treatment. Furthermore, nomogram developed based on the PLPR-FAR score and traditional
clinical features can assist clinicians in planning more suitable treatment schemes for GC patients.
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