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ARTICLE INFO ABSTRACT

Keywords: Background: The utilization of immune checkpoint inhibitors (ICIs) has become the established
Immune-related gene protocol for treating advanced non-small cell lung cancer (NSCLC). This work aimed to identify
NSCLC the immune-related gene signature that can predict the prognosis of NSCLC patients receiving ICI

Immune checkpoint inhibitors
Immune infiltration
Gene signature

treatment.

Methods: The ImmPort database was queried to obtain a list of immune-related genes (IRGs).
Differentially expressed IRGs in NSCLC patients were identified using the TCGA database. RNA-
seq data and clinical information from NSCLC patients receiving immunotherapy were obtained
from the GEO database (GSE93157 and ////). A gene signature was generated through multi-
variate Cox and LASSO regression analyses. The prognostic value and function of this gene
signature were thoroughly investigated using comprehensive bioinformatics analyses.

Results: A total of 6 prognostic-related genes were identified from 617 differentially expressed
genes, and two prognostic-related differentially expressed genes (CAMP and IL17A) were deter-
mined to construct gene signature. Our gene signature demonstrated superior performance
compared to other clinicopathological parameters in predicting the prognosis of NSCLC patients
receiving immunotherapy, with an area under the ROC curve (AUC) of 0.812. Furthermore,
immune infiltration analysis indicated that the high-risk group was enriched with resting CD4 T
cell memory, while the low-risk group showed a "hot" tumor microenvironment that promotes
anti-tumor immunity in NSCLC patients.

Conclusion: Gene signatures based on immune-related genes exhibited excellent indicator per-
formance of prognosis and immune infiltration, which has the potential to be an effective
biomarker for NSCLC with ICI treatment.

1. Introduction

Nowadays, lung cancer is the second most incidence and the leading cause of death of malignant tumors worldwide among various
cancers [1]. At present, ICIs have demonstrated compelling clinical benefits, substantially extending the survival of advanced NSCLC
[2-5]. However, the response rate of NSCLC with ICIs is approximately 20%, indicating that there are still most NSCLC who failed to
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respond to ICIs [6]. The identification of potential biomarkers for predicting the efficacy of ICI treatment and identifying the
appropriate patient population represents a significant challenge in clinical practice.

Currently, several biomarkers associated with ICIs have gained approval through numerous clinical trials. These include PD-L1
expression, tumor mutational burden (TMB), and microsatellite instability-high (MSI-H) [7,8]. Most clinical trials have revealed
heightened response rates associated with increased PD-L1 expression in NSCLC. Nonetheless, the augmentation of responses is not
fully comprehensive [8,9]. Relying exclusively on PD-L1 expression proves inadequate to fulfill the precision criteria for clinical
applications. The spatial and temporal heterogeneity of PD-L1 expression introduces potential variations between tumor sites,
encompassing both primary and metastatic lesions. Moreover, the continuous distribution of PD-L1 expression complicates the
establishment of a dependable binary threshold [10]. TMB is acknowledged as an independent biomarker for the response to ICIs in
various cancers [11-13]. High TMB is linked to improved survival among patients receiving ICIs. Nevertheless, a universally accepted
definition for high TMB is currently lacking [14]. The major challenge of TMB lies in its ability to effectively predict PFS but not OS in
the clinical application [15]. TMB faces other challenges such as high detection expenses and relatively long testing durations.
Furthermore, specific clinical indicators can also function as predictive factors for the prognosis of immunotherapy in NSCLC. ICI have
shown notably lower efficacy in never-smokers, encompassing those with EGFR mutations, ALK rearrangements, and other less
common oncogenic drivers of NSCLC [16,17]. In summary, there is still a lack of official biomarkers to guide the ICIs treatment.

With the rapid development of various omics technologies, the acquisition and analysis methods of omics data have gradually
become more refined and mature. Various omics data related to cancer, including transcriptomic, proteomic, and metabolomic data,
are accumulating rapidly [18]. Among these, transcriptomics has generated a large amount of sequencing data, which is used for
studies related to the elucidation of tumor mechanisms and the discovery of novel anti-cancer drugs [19-21]. A gene signature denotes
a distinctive arrangement of gene expressions within a cell, occurring either individually or as a coordinated group of genes [22,23].
Utilizing a gene signature allows for a more precise classification of NSCLC, offering valuable guidance for advanced NSCLC with ICIs.
Besides that, many components of the immune system are a determining factor during cancer initiation and progression. Evading
immune destruction has been recognized as an emerging hallmark of cancer. The prognostic potential of molecular features describing
the interplay between tumors and the immune system in NSCLC treated with ICIs has not been comprehensively explored to date [24].
Therefore, it is essential to explore an immune-relate gene signature to predict the prognosis of NSCLC with ICI treatment.

The ImmPort database consists of four elements including private data, shared data, and resources. These components serve for the
storage, distribution, analysis, and reutilization of research data. Many studies have been made freely available through the Shared
Data portal, facilitating the repurposing of research data to expedite the transformation of novel insights into discoveries [25]. In this
study, we aim to identify potential immune-related genes in NSCLC, provide gene signatures to predict the prognosis of NSCLC with ICI
treatment, and provide some potentially effective drugs for NSCLC patients with different risk scores. Inmune-related gene lists were
obtained from the ImmPort database.

2. Materials and methods
2.1. Data download and pre-processing

GSE93157 included IRGs or signatures of 35 NSCLC patients treated with anti-PD-1 [26]. GSE135222 was included RNA-seq for
NSCLC patients with treated ICIs [27,28]. The “Limma” R package is an R software package developed for the analysis of microarray
data and RNA-seq data. It provides a set of statistical models and tools for identifying differentially expressed genes, making it one of
the commonly used methods for differential gene expression analysis. First, the raw data undergo quality control and preprocessing
steps, which include checking data quality, background noise removal, and standardization. Then, the raw data is log-transformed, and
the accurate measure of differential expression for each gene is estimated based on the differences between samples. The voom
function combines these measures of differences and the change in variance of genes to obtain differential expression data. Finally,
visualization of sample distances is achieved. And Kaplan-Meier analysis was performed to obtain IRGs significantly related to the
prognosis of NSCLC with ICIs. In this work, we analyzed the differential expression of IRGs between NSCLC and normal tissues by the
“Limma” R package, with thresholds of false discovery rate (FDR) < 0.05 and a |log2-fold change|> 1 in the TCGA cohort. By inputting
the genes matrix into R software, and running the "clusterProfiler" R package, the corresponding DEGs list and heatmap can be
obtained.

2.2. Enrichment analysis for survival-related IRGs

Gene Ontology (GO) and KEGG (Kyoto Encyclopedia of Genes and Genomes) databases serve as widely utilized methodologies for
delving into the biological processes, cellular components, and molecular functions intricately associated with genetic data [29,30].
The “clusterProfiler” is an R Package for Comparing Biological Themes Among Gene Clusters. The “clusterProfiler” package includes
groupGO, enrichGO, and enrichKEGG for conducting classification and enrichment analysis. It classifies genes based on their pro-
jection at specific levels of GO and KEGG and performs enrichment analysis using hypergeometric distribution for both GO and KEGG.
Additionally, the “clusterProfiler” package provides a function called compareCluster for automatic calculation of enriched functional
categories for each gene cluster and offers various visualization methods. By inputting the genes list into R software, and leveraging the
"clusterProfiler" R package, corresponding GO and KEGG diagrams can be generated. In this study, we performed GO and KEGG
enrichment analyses to obtain functional annotations associated with survival-related IRGs using the "clusterProfiler" R package. A
p-value< 0.05 was considered as an indicator of statistical significance.
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2.3. Consensus clustering for survival related IRGs

Based on the survival-related IRGs expression, NSCLC patients with ICI treatment were categorized into different clusters by the
“ConsensusClusterPlus” R package. “ConsensusClusterPlus” is an R package designed specifically for performing consensus clustering
analysis. After preparing the gene expression matrix, utilizing this R package in the R software allows for the generation of corre-
sponding delta area plots, consensus cumulative distribution functions, and a heatmap of the consensus matrix. We investigated
potential differences in survival time among distinct clusters by analyzing Kaplan-Meier curves.

2.4. Construction and validation of immune related gene signature

In this work, GSE93157 was divided into a training cohort and a test cohort. The training cohort was used for the construction of the
gene signature and the test cohort was used for the internal validation of the gene signature. Then, we employed LASSO regression
analysis to remove highly correlated survival-related IRGs. The LASSO regression analysis was performed by “glmnet” R package.
“glmnet” is an R package that is designed for fitting various forms of generalized linear models and generalized additive models. It
employs an advanced coordinate descent algorithm for fitting linear models with penalty forms such as Lasso or Elastic Net. This
algorithm can efficiently handle high-dimensional data, mitigating issues of overfitting. Common applications include prediction,
classification, feature selection, and signal discretization, among others. By inputting the gene expression list into R software, and
leveraging the " glmnet " R package, corresponding results can be generated. Next, we performed multivariate Cox regression analysis
to identify prognostic candidate genes and their regression coefficients, on which gene signatures were constructed. We further
generated calibration curves and calculated the AUC to assess the accuracy of our gene signature. After conducting this evaluation, we
proceeded to externally validate the gene signature using the independent cohort GSE135222. The risk score for NSCLC patients in the
GSE135222 was calculated using the same formula that was derived from the GSE93157.

2.5. Independent prognostic analysis and GSEA of gene signature

Independent prognostic analysis was carried out to determine whether the gene signature was an independent risk factor for NSCLC
patients. By conducting gene set enrichment analysis (GSEA), we obtained varying levels of entire gene sets through a comparison of
risk groups.

2.6. Estimation of tumor immune infiltration and drug sensitivity analysis

CIBERSORT, a widely used computational method in tumor immunology research, is capable of quantitatively analyzing the
proportions of different immune cell subtypes in tumor tissues using gene expression data. Based on the principle of linear support
vector regression, CIBERSORT can estimate the relative abundance of various immune cell subtypes in mixed cell samples by training
on the known gene expression profiles of characteristic genes for immune cells [31]. To elucidate the composition of immune cells in
NSCLC patients, we employed the "CIBERSORT" R package to convert gene expression data into proportions of immune cell types. This
approach allowed us to estimate the infiltration status of immune and stromal cells in each NSCLC sample, providing valuable insights
into the immune microenvironment of NSCLC tumors [32]. By running the "CIBERSORT" R package in the R software using the
corresponding gene expression matrix that was downloaded from the GEO database, it can generate the corresponding heatmap of
immune cell abundance, bar plots, and box plots of immune cells.

"pRRophetic" is an R Package for prediction of clinical response from tumor gene expression [33]. The approach involved con-
structing statistical models using gene expression and drug sensitivity information gathered from an extensive array of cancer cell
lines. Subsequently, these models were applied to analyze gene expression data obtained from primary tumor biopsies. The "pRRo-
phetic" R package utilizes expression data matrices and drug treatment information from the Cancer Genome Project (CGP) database,
which encompasses 138 anticancer drugs tested against 727 cell lines. Despite the lack of biomarkers for predicting resistance to ICIs in
NSCLC and drug sensitivity, we employed the "pRRophetic" R package to predict the clinical response to chemotherapeutic treatment
based on tumor gene expression. In this study, we aim to gain insights into potential predictive factors for therapeutic outcomes in
NSCLC patients undergoing ICI treatment.

2.7. Genetic alteration and expression analyses of IRGs in gene signature

The cBioPortal for cancer genomics database was employed to detect the mutation frequencies of IRGs in gene signatures.
Kaplan-Meier plotter website were used to assess the prognostic value of IRGs. The Human Protein Atlas (HPA) was applied to
determine the protein expression level of IRGs. In this study, protein expression analysis of CAMP and IL17A was conducted using the
HPA database.

2.8. Statistical analyses

Statistical analyses were conducted using GraphPad Prism 9.0 and R 4.2.2 software. Survival analyses were performed employing
the Kaplan-Meier plot method and compared using the log-rank test, where a P-value <0.05 was deemed statistically significant.
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Fig. 1. Identification of different expressions of survival-related IRGs. (A) Volcano plots of different expression IRGs in TCGA cohort. (B) IL6R,
CAMP, IFNL1, IL3RA, CCL1, and IL17A were positively associated with prognosis in NSCLC patients with ICIs. (C) Heatmap of IL6R, CAMP, IFNL1,
IL3RA, CCL1, and IL17A expression in TCGA cohort. Red, higher expression; green, lower expression. (For interpretation of the references to colour

in this figure legend, the reader is referred to the Web version of this article.)

3. Result

3.1. Identification of different expression of survival related IRGs

Total of 2483 Immune-relate genes were downloaded from ImmPort database. Then, 616 different expression IRGs were identified
from the TCGA cohort (Extended Data Fig. 1). We also visualized the expression pattern of different expression IRGs in Fig. 1A. Among
616 differently expression IRGs, high expression of IL6R (P = 0.0148), CAMP (P = 0.0277), IFNL1 (P = 0.0494), IL3RA (P = 0.0054),
CCL1 (P = 0.0239), and IL17A (P = 0.0029), were positively associated with prognosis in NSCLC patients with ICI in Fig. 1B. In
addition, as depicted in Fig. 1C, IL6R, CAMP and IL3RA exhibited upregulation in normal tissues, while IFNL1, CCL1, IL17A were
upregulated in lung cancer tissue. These results suggest that IL6R, CAMP, IFNL1, IL3RA, CCL1, and IL17A may serve as potential

biomarkers for advanced NSCLC with ICIs.
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Fig. 2. Enrichment analysis. (A) GO analysis. (B) KEGG analysis. The y-axis shows significantly enriched pathways, and the x-axis shows the Rich
factor. Rich factor stands for the ratio of the number of target genes belonging to a pathway to the number of all the annotated genes located in
the pathway.

3.2. Enrichment analysis of survival related IRGs

The GO analysis results indicated significant enrichment of survival-related IRGs, particularly in processes related to signaling
receptor binding, positive regulation of cytokine production, defense response to another organism, and regulation of signaling re-
ceptor activity, as illustrated in Fig. 2A. These processes are crucial for coordinating immune responses and is often activated in
response to infections, inflammation, or other immune-related challenges. They play a vital role in upholding the body’s immune
defense mechanisms.

There are four pathways that were particularly enriched in cytokine-cytokine receptor interaction, Jak-STAT signaling pathway,
Viral protein interaction with cytokine and cytokine receptor, and TH17 cell differentiation in Fig. 2B. Among these, cytokine-cytokine
receptor interaction involves the vital communication between immune cells through signaling molecules called cytokines and their
corresponding receptors [25]. These interactions are crucial for coordinating immune responses, regulating inflammation, and
maintaining immune system balance. Besides that, the Jak-STAT pathway is a fundamental signaling mechanism used by cytokines
and growth factors to activate genes involved in immune responses, cell growth, and differentiation [34]. Viral protein interaction with
cytokine and cytokine receptor pathway explores the intricate interactions between viral proteins and components of the
cytokine-cytokine receptor system. Understanding these interactions is essential for unraveling viral strategies for replication and
immune evasion. TH17 cell differentiation refers to the specialized development of T-helper cells known as TH17 cells [35]. These cells
produce the cytokine IL-17 and play a critical role in immune responses against certain pathogens, particularly fungi and bacteria.
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3.3. Identification of IRGs cluster in NSCLC

Consensus clustering analysis was employed to explore the interactions between IRGs and NSCLC. Subsequently, NSCLC patients
were stratified into distinct clusters using the consensus clustering algorithm. Considering the clustering stability and sample size, all
NSCLC patients were divided into Cluster 1 and Cluster 2 (Fig. 3AandB). This evidence suggests that our classification approach relying
on IRGs is suitable.

To visually depict the intuitive relationship between tumor subtypes and clinical characteristics, we conducted a survival analysis
and generated a heatmap illustrating the clinical correlations. The Kaplan-Meier curves of two IRG clusters showed that cluster 1 had
the most significant survival advantage in Fig. 3C. Moreover, we also explored the clinicopathological features and expression of IRGs
in NSCLC. Among the six genes of the IRGs, IL17A, CCL1, IFNL1, IL6R, CAMP, and IL3RA are highly expressed in cluster 1 (Fig. 3D).
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Table 1
Clinical characteristics of NSCLC patients in train and test cohorts.
Clinical characteristics Train cohorts Test cohorts P value
Total cases 23 12
Histology 0.4806
LUAD 13 (56.52%) 9 (75%)
LUSC 10 (43.48%) 3 (25%)
Age 0.2985
<65 17 (73.91%) 6 (50%)
>65 6 (26.09%) 6 (50%)
Gender 1
Male 18 (78.26%) 9 (75%)
Female 5 (21.74%) 3 (25%)
Smoking 0.5487
Former 22 (95.65%) 10 (16.67%)
Never 1 (4.35%) 2 (83.33%)
Drug 0.0971
Nivolumab 9 (39.13%) 9 (75%)
Pembrolizumab 14 (60.87%) 3 (25%)
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3.4. Construction and validation of gene signature

The clinical characteristics of the train cohort and test cohort are summarized in Table 1. In the training cohort, co-expressed IRGs
were filtered out using LASSO regression analysis to prevent data overfitting (Fig. 4A - B). Finally, a total of 4 IRGs were selected for
inclusion in the multivariate Cox proportional hazards model, and 2 IRGs (CAMP and IL17A) were identified to construct the gene
signature (Fig. 4C). The risk score was calculated using the following formula: risk score = CAMP * —0.8134 + PCDH7 * —1.0413.

NSCLC patients were stratified into low-risk and high-risk groups based on the median of risk score. Kaplan-Meier survival analysis
revealed that the low-risk group had a significantly better survival rate compared to the high-risk group (P = 0.0015) in Fig. 5A.
Besides that, the ROC curve of risk score showed that our gene signature predicts prognosis with satisfactory accuracy (AUC = 0.882)
in Fig. 5B. Furthermore, it is apparent from Fig. 5C and D that as the patient’s risk score increases, their prognosis deteriorates. In the
test cohort, The Kaplan-Meier survival curves also verified the prognostic value of our gene signature (P = 0.0133) in Fig. 5E. We can
observe that the results of the test cohort are similar to those of the training cohort from Fig. S5SF-H. Additionally, we performed an
independent external validation of our gene signature by calculating the risk score for each NSCLC patient in the GSE135222 cohort.
The Kaplan-Meier survival curves verified the prognostic value of our gene signature in GSE135222 (P = 0.0216) in Fig. 6A. The
validation results confirmed the ability of our gene signature to predict the prognosis of NSCLC with ICI treatment in Fig. 6B-D.

3.5. Functional Analyses of gene signature

We conducted univariate and multivariate independent prognostic analyses to further evaluate the predictive value of our gene
signature. As shown in Fig. 7AandB, the uniform findings from the independent prognostic analysis confirm the prognostic relevance of
our gene signature for NSCLC with ICIs, independent of other clinical factors. Compared with other clinical information, the ROC curve
of risk score showed that our gene signature predicts prognosis with satisfactory accuracy (AUC = 0.812) in Fig. 7C. In addition, the
GSEA enrichment analysis performed with the GSE135222 cohort showed that Notch signaling pathway, endocytosis, and MAPK
signaling pathway were significantly enriched in a high-risk group (Fig. 7D). The Notch signaling pathway is a highly conserved
cellular communication system present in the majority of multicellular organisms [36]. It regulates various cellular processes,
including cell fate determination, differentiation, and apoptosis. It plays a crucial role in development, tissue homeostasis, and disease.
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It involves the formation of vesicles that enclose the material and transport it into the cell. Endocytosis is essential for nutrient uptake,
receptor recycling, and the regulation of signaling pathways. The MAPK signaling pathway forms a complex network of proteins that
transmit signals from the cell surface to the nucleus, coordinating a variety of cellular processes, such as cell proliferation, differen-
tiation, and survival [37]. It is activated in response to external stimuli, including growth factors, stress, and cytokines, and plays a
critical role in cell responses to environmental changes.

3.6. Immune infiltration and drug sensitivity analysis of gene signature

We evaluated the correlation between gene signature and tumor-infiltrating immune cells in NSCLC using the CIBERSORT algo-
rithm. As shown in Fig. 8A, we found that resting CD4 T cell memory was more enriched in a high-risk group. We also found that
individual genes of gene signature were also strongly associated with immune infiltration in Fig. 8B. For example, CD8 T cell and
Neutrophils were negatively associated with risk score in Fig. 8C and D. In particular, we found that resting CD4 T cell memory was
positively associated with risk score in Fig. 8E. As the risk score increases, the abundance of resting CD4 T cell memory also increases.
Besides, we assessed the immunity status of NSCLC patients in different risk groups. As shown in Fig. 8F, the immune score was



L. Wang et al. Heliyon 10 (2024) e26974

A B

pvalue Hazard ratio i pvalue Hazard ratio !

1 1
Histology 0877  0.939(0.420-2.097) p— —_— Histology 0891  0.935(0.359-2.436) p——
Age 0668  0.992(0.956-1.029) + Age 0866  0.996(0.956-1.038) +
Smoking 0563  1.439(0.420-4.931) —_—— Smoking 0353  0.467(0.094-2.327) —_—

| 1
Gender 0035  2.527(1.068-5980) —————————————  Gender 0296  2.169(0.508-9.263) -
Drug 0969  1.016(0.458-2.250) —_—— Drug 0903  1.079(0.319-3651) ——y

| 1
fiskScore <0001  2.411(1.558-3.733) ! ——y riskScore  <0.001  2.356(1.440-3.854) ! ——

o 1 2 & 4 5 o 2 4 & 8

c Hazard ratio Hazard ratio

=~ NOTCH_SIGNALING_PATHWAY (NES=-1.4629 NP=0.0551)
- ~ ENDOCYTOSIS(NES=-1.4651,NP=0.0479)
~ MAPK SIGNALING PATHWAY(NES=-1.4203.NP=0.0300)

© | 2 0.0
- 0.1
o A 0.24
E g - V4 0.3
2 /// 0.4 o
7]
g o 4 gl I [T TIIT]
g 27 ' RN
. —— risk score (AUC=0.812) ]

Histology (AUC=0.522)
Age (AUC=0.571)
Smoking (AUC=0.488)

0.5+

0.2

0.0
Gender (AUC=0,587)

2| e Drug (AUC=0.482)
T T T T T T
0.0 0.2 04 06 0.8 1.0

0.0

0.5+

1.0 high

T T —T
” 0 5,000 10,000 15,000
False positive rate Rank in Ordered DataSet

Fig. 7. Functional Analyses of gene signature. (A) Univariate factor independent prognostic analysis. (B) Multivariate factor independent prognostic
analysis. (C) ROC curve of gene signature. (D) GSEA enrichment analysis of gene signature.

considerably greater in the low-risk group. The low-risk group of NSCLC patients exhibited higher immune scores and better responses
to immunotherapy, likely due to increased enrichment of CD8 T cells and neutrophils in the tumor microenvironment (TME). These
findings suggest that patients in the low-risk group may have a "hot" TME characterized by enhanced anti-tumor immunity in NSCLC
patients.

In summary, our findings indicate that NSCLC patients with high-risk groups may not respond to ICI treatment. To know which
treatment could be the personalized treatment of high-risk group NSCLC patients, we measure the sensitivity of drugs between two risk
groups by drug sensitivity analysis. Interestingly, NSCLC patients with high-risk had higher sensitivity responses with PF-4708671 (P
= 0.0091), and AZD8186 (P = 0.0091). And low-risk group is more sensitive to UMI-77 (P = 0.00066) in Fig. 8G-I. Those results
indicated that PF-4708671 and AZD8186 may be potential treatment options for NSCLC patients with high-risk groups.

3.7. Genetic alteration, expression, and prognosis value of IRGs

Next, we investigate the genetic alteration, expression profiles, and prognostic value of key IRGs in other databases. As shown in
Fig. 9A, the mutation frequencies of CAMP and IL17A were 0.7% and 2.7% in the cBioPortal for cancer genomics database. The GEPIA
database box plots results showed that the expression of CAMP was significantly higher expression in normal samples compared with
cancer tissue in Fig. 9B. However, there is no significant difference in IL17A expression between cancer and normal tissue in Fig. 9C.
Besides, these genes were not associated with the prognosis of NSCLC in Fig. 9DandE. In addition, we further verify the histological
level of CAMP and IL17A by the HPA database in Fig. 9F and G. The results showed that the protein level of CAMP is upregulated in
lung cancer tissues and downregulated in normal tissue. And IL17A is no significant difference in protein expression between cancer
and normal tissue.

4. Discussion

Currently, both PD-L1 expression and TMB have not exhibited sufficient efficacy in NSCLC who are likely to respond to ICIs. In
addition to PD-L1 expression and TMB, certain gene mutations, including KRAS/TP53, STK11, EGFR, and EPHA, have been
acknowledged for their influence on the effectiveness of ICIs by modulating the tumor microenvironment [38-41]. For example, Sun
et al. identified ARID1A mutation as a potential predictive biomarker for the prognosis of ICIs [42]. Additionally, several studies have
indicated that mutations in ERBB4 and FGFR4 may function as potential biomarkers for predicting the prognosis of NSCLC with
immunotherapy [43,44]. Nevertheless, the validation of these biomarkers necessitates large-scale, multicenter prospective clinical
studies. Depending on a single biomarker may not completely satisfy current clinical requirements. In summary, there is a need for
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Fig. 8. Immune infiltration and Drug sensitivity analysis of gene signature. (A) The composition of 22 immune cell types in the high-risk group and
the low-risk group. (B) The relation between IRGs and immune infiltration. As the risk score increases, the abundance of CD8 T cells (C) and
neutrophils (D) decreases, while the abundance of resting CD4 T cell memory (E) increases. (F) Immunity status of NSCLC patients in different risk
groups. (G) The estimated IC50 of PF-4708671 in the low-risk group was lower than in the high-risk group. (H) The estimated IC50 of UMI-77 in the
high-risk group was lower than in the low-risk group. (I) The estimated IC50 of AZD8186 in the low-risk group was lower than in the high-risk
group. *, p < 0.05; ***, p < 0.001.

ongoing improvement in the accuracy of existing biomarkers. The development of gene signatures for tumor prediction and prognosis
allows for a comprehensive exploration of the molecular characteristics of tumors, providing substantial support for the advancement
of precision medicine. Therefore, it is crucial to explore gene signatures that can predict immunotherapy response with higher
precision.

In this study, we screened out IRGs that are associated with the prognosis of NSCLC patients with ICI treatment from GSE93157 and
GSE135222. Then, we constructed gene signatures by CAMP and IL17A to predict the prognosis of NSCLC with ICI treatment. The gene
signature was verified by the test cohort and GSE135222 cohort with the same risk score formula. Compared with other studies gene
signatures, our gene signature performed with satisfactory accuracy with an AUC of 0.812. CAMP and IL17A could serve as potential
biomarkers for the sensitivity to ICI treatment and prognosis of NSCLC. Therefore, we reasonably deduced that our gene signature has
good predictive value in clinical practice for NSCLC with ICI treatment.

To explain why low-risk groups were associated with favorable ICI prognosis, we evaluated the role of gene signature in immune
infiltration. We found that resting CD4 T cell memory was more enriched in the high-risk group. Memory CD4 " T cells are distributed
throughout the body, providing protection against reinfection and cancer. They are also involved in processes related to allergies,
autoimmune disorders, transplant rejection, and chronic inflammation [45]. Moreover, CD8 T cell and Neutrophils were negatively
associated with risk score. Resting CD4 T cell memory was positively associated with risk score. Similarly, the immune score was
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considerably greater in patients with low-risk scores, suggesting that patients with low-risk scores may respond better to ICIs. Due to
more CD8 T cells and Neutrophils enriched in TME, NSCLC patients in the low-risk group had higher immune scores and better re-
sponses to immunotherapy. Therefore, we reasonably deduction suggests that CAMP and IL17A may exert an influence on resting CD4
T cell memory, CD8 T cells, and neutrophils, potentially fostering the development of a "hot" TME characterized by heightened
anti-tumor immunity in NSCLC.

Due to NSCLC patients in high-risk groups not responding to ICI treatment, to understand which treatment could be personalized
treatment for high-risk groups, we measure the sensitivity of several drugs between two risk groups. Interestingly, NSCLC patients with
high risk had higher sensitivity response with PF-4708671 (P = 0.0091), and AZD8186 (P = 0.0091). PF-4708671, an effective S6K1
inhibitor, has been shown to significantly impede the proliferation and invasion of A549, SK-MES-1, and NCI-H460 cells in vitro [46].
AZD8186, a potent inhibitor targeting both PIK3CB and PIK3CD, is presently undergoing Phase I clinical trials for the treatment of
advanced solid tumors, including NSCLC [47]. Therefore, our findings suggest that PF-4708671 and AZD8186 could serve as promising
therapeutic alternatives for NSCLC patients in the high-risk group.

The current literature indicates that the mechanism of CAMP and IL17A still requires further exploration in NSCLC. This study
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represents the first attempt to elucidate the roles of CAMP and IL17A as potential biomarkers influencing the sensitivity to ICI
treatment and prognosis in NSCLC. CAMP and IL17A have the potential to serve as biomarkers involved in modulating the TME and
correlating with the prognosis in advanced NSCLC treated with ICI. This study represents the inaugural utilization of an extensive
database to formulate gene signatures for prognostic predictions in NSCLC patients undergoing ICI. Undoubtedly, this presents a novel
clinical strategy for managing NSCLC patients. However, there are still certain limitations in our study. First, the clinical sample sizes of
GSE93157 and GSE13522 were insufficient. Secondly, given the relatively limited number of gene markers, there is a potential risk of
overfitting associated with the gene signature. Moreover, this study still lacks real-world validation, including validation in clinical
cohorts and animal experiments. Given the retrospective nature of the analysis, there exists the potential for selection bias within the
utilized patient cohort. In the future, we will further enhance our gene signatures, encompassing prospective validation of these
markers in clinical trials and investigating their predictive potential for other ICIs.

5. Conclusion

To conclude, our study demonstrates that our gene signatures based on immune-related genes exhibited excellent indicator per-
formance of prognosis and immune infiltration, which has the potential to be an effective biomarker for NSCLC with ICI treatment.
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