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Abstract
Objective: Examining the role of immune- related genes (IRGs) in “driver gene 
negative” lung adenocarcinoma (LUAD) may provide new ideas for the treat-
ment and study for this LUAD subgroup. We aimed to find the hub immune- 
related gene pairs can stratify the risk of “driver- gene- negative” LUAD.
Materials and Methods: IRGs were identified according to ImmPort database 
based on RNA sequencing results of tumors and normal tissues from 46 patients 
with “driver gene negative” LUAD at The First Affiliated Hospital of Sun Yat- 
sen University and cyclically singly paired as immune- related gene pairs (IRGPs). 
Multivariate Cox analysis was used to construct an immune risk model and a 
prognostic nomogram combining was also been developed. Immune microenvi-
ronment landscape described by CIBERSORT and drug sensitivity calculated by 
pRRophetic algorithm were used to explore possible treatment improvements.
Results: A novel immune risk model with 5- IRGPs (CD1A|CXCL135, 
CD1A|S100A7L2, IFNA7|CMTM2, IFNA7|CSF3, CAMP|TFR2) can accurately 
distinguish patients in the high-  and low- risk groups. Risk score act as an inde-
pendent prognostic factor and is related to clinical stage. There are significant 
differences in tumor immune microenvironment and PD- 1/PD- L1/CTLA- 4 ex-
pression between groups. The low- risk patient may benefit more from the com-
monly used chemotherapy regimens such as gemcitabine and paclitaxel.
Conclusion: This study constructed 5- IRGPs as a reliable prognostic tool and 
may represent genes pairs that are potential rationale for choice of treatment for 
“driver gene negative” LUAD.
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1  |  INTRODUCTION

Lung adenocarcinoma (LUAD) is the most common patho-
logical type of lung cancer, accounting for more than 40% 
of the total number of lung cancer cases.1,2 Over the last 
decade, with the continuous exploration of tumor driver 
genes, ALK, EGFR, HER2, KRAS, MET, BRAF, ROS1, and 
RET have been found as driver genes in the field of lung ad-
enocarcinoma.3 Targeted therapeutic drugs based on driver 
genes have been developed in decades, which has resulted 
in a survival benefit for patients with “driver gene positive” 
LUAD.4 However, 10% to 55% of lung adenocarcinomas fail 
to detect the above known driver gene mutations, we refer 
to these patients as patients with “driver gene negative” 
lung adenocarcinoma.5,6 Although the Immune checkpoint 
inhibitors (ICIs) is of great help in the treatment of these 
patients,7 there are still problems such as nonresponse and 
immune- related toxicity in the clinical application of exist-
ing mainstream immunotherapeutic drugs.8

Immune- related genes (IRGs) play an important role in 
the development of tumors,9 and drugs targeting immune- 
related genes are also widely used in clinical practice. A 
series of immune- related genes with great clinical poten-
tial have been found such as PD- 1/PD- L1/CTLA- 4,10,11 
making immunotherapy of tumors an important means. 
At present, there have been some bioinformatics studies 
focusing on the mechanism of immune gene action in 
lung adenocarcinoma,12,13 and these studies provide an 
important reference for immunotherapy of lung adeno-
carcinoma. However, there is a lack of targeted studies on 
the immune mechanism of action in “driver gene nega-
tive” patients, which are most in need of immunotherapy. 
The search for new immunotherapeutic modalities and 
elaboration of the immune mechanisms driving “driver 
gene- negative” patients can provide prognostic value.

This study was designed to construct an immune- 
related prognostic classifier based on a genome- wide 
transcriptome profiling in 46 “driver gene negative” pa-
tients from The First Affiliated Hospital of Sun Yat- sen 
University, and assessed this classifier from survival rate, 
clinical features, immune cells infiltrating, immuno-
suppressed biomarkers, and chemotherapeutic effects, 
providing new ideas for the treatment of “driver gene neg-
ative” patients.

2  |  METHODS

2.1 | Detection of driver genes and 
identification of patients

This study included patients with “driver gene nega-
tive” LUAD at The First Affiliated Hospital of Sun 

Yat- sen University between September 2003 and June 
2015. Immunohistochemical staining and immunoblot-
ting assays in the formalin- fixed, paraffin- embedded 
(FFPE) tissues were applied to determine the patient's 
“driver gene negative” status. The specific steps are as 
follows:

First, we examined tissue samples from 626 patients 
with pathologically confirmed LUAD using a 13- genes 
panel (including EGFR, KRAS, BRAF, PIK3CA, NRAS, 
HER2, MET, AKT1, c- KIT, PDGFRA, ALK, RET, and 
ROS1) to determine the expression of their driver genes. 
Then, EGFR and KRAS were validated in those patients 
using ARMSPCR and ALK was validated using FISH assay. 
Finally, eventually, we identified 189 patients with LUAD 
as “driver gene negative” with ALK, EGFR, HER2, KRAS, 
MET, BRAF, ROS1, and RET mutation negative, which 
could not utilize current mainstream targeted therapy.5

This project was approved by the Ethics Committee 
and Institutional Review Board of Sun Yat- sen University 
and informed consent was waived. A biopsy and immuno-
histochemistry analysis on the original tumor tissue were 
performed to confirm the pathological features. We also 
collected clinical information, such as gender, age, smok-
ing history, TNM stage, and differentiation of the tumor. 
The AJCC (American Joint Committee on Cancer) 7th 
edition cancer staging system was used to stage tumors. 
OS was measured from the date of surgery to the date of 
death or the last date of follow- up. Unless the patients 
passed away, our follow- up lasted at least 5 months.

2.2 | Acquisition of genetic data

A total of 60 paired LUAD and precancerous tissue sam-
ples were selected randomly from 189 patients with 
“driver gene negative” LUAD including 15 pairs each in 
stage I, stage II, stage III, and stage IV. However, 14 pairs 
were excluded, of which eight pairs were due to degrada-
tion of RNA during storage and six pairs were due to miss-
ing partial clinical information.

We harvested total RNA from fresh tissue, and an-
alyzed RNA with a Nanodrop2000 spectrophotometer 
(Thermo Fisher Scientific) and assessed RNA integ-
rity with an Agilent 2100 Bioanalyzer system (Agilent 
Technologies). According to the Agilent One- Color 
Microarray Gene Expression Analysis Protocol (Agilent 
Technology), we performed sample labeling and array 
hybridization. Then, 100  μl of hybridization solution 
was dispensed into spacer slides and assembled into 
gene expression microarray slides. The 4 × 44 K whole 
human genome expression microarray (Agilent de-
sign ID 026652, GEO accession number GPL13497) 
was used to get profiles the expression of 27,958 genes 
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in remaining 46 pairs. GeneSpring GX v12.1 software 
package was used to do quantile normalization and sub-
sequent data processing, and the genes with low expres-
sion were excluded for analyses.

2.3 | Construction of immune- related 
genes (IRGPs)

ImmPort database (http://www.immpo rt.org) was used 
to recognize IRGs. We identified a total of 2498 immune- 
related genes in the gene list, of which 1299 genes included 
in the expression microarray were used for subsequent 
analysis. The differential expression IRGs (DEIRGs) be-
tween tumor and precancerous tissue were identified with 
the thresholds as false discovery rate (FDR) < 0.05, along 
with |log2 FC (fold- change)| > 1.

The DEIRGs were cyclically paired singly, and an IRGP 
was calculated as follows:

If an IRGPa unique value of 0 or 1 among all samples, it will 
be removed to avoid biases and unrepeatability of the study.

2.4 | Establishment and validation of the 
risk model

We first initially screened IRGPs using univariate Cox 
regression, and followed by multivariate Cox regres-
sion analysis of selected IRGPs to determine the gene 
pairs that were finally used to construct the model with 
a threshold of p < 0.05. The AUC values of each curve 
were calculated and labeled in the Figure. The 3-  and 5- 
year ROC curves of the model were shown in the result. 
The formula we used to calculate the Risk Score is as 
followed:

The AIC values of each points of the 5- year ROC curve were 
evaluated to identify the maximum inflection point, which 
was considered as the cut- off point to distinguish high- risk 
and low- risk groups.

To validate this cut- off value, we plotted the score 
distribution dot plot and the survival status dot plot. At 
the same time, we used Kaplan– Meier survival analysis 
curves to present survival differences between groups. The 
process was visualized using the R packages “survival,” 

“glmnet,” “pHeatmap,” “survminer,” “survivalROC,” and 
“pbapply.”

2.5 | Independent prognostic and 
clinical relevance analysis

We performed a correlation analysis to better under-
stand the relationship between clinical features and 
Risk Score. In addition, we used univariate and multi-
variate Cox analyses to explore independent prognostic 
factors of patients with “driver gene negative” LUAD 
in depth, including age, gender, stage, TNM stage, and 
Risk Score.

2.6 | Establishment and verification of 
prognosis nomogram

We developed a prognosis nomogram to predict the 
prognosis of patients with “driver gene negative” LUAD 
according to the results of multivariate Cox regression. 
The nomogram was built on two predictors, Risk Score 
and tumor stage. Calibration curves were plotted and 
the 3- year- AUC and 5- year- AUC were shown to as-
sess the performance of the nomogram. Kaplan– Meier 
analyses were performed to assess survival differences 
between groups, and a log- rank test for statistical 
comparison.

2.7 | Investigation of tumor immune 
microenvironment

We used CIBERSORT to calculate the immune infiltration 
statues between two groups and the difference were ana-
lyzed by Wilcoxon signed- rank test. We used Spearman 
correlation analysis to interrogate the association be-
tween Risk Score and immune cell infiltration. At the 
same time, we also compared the expression of commonly 
used checkpoint genes, such as PD- 1, PD- L1, and CTLA- 4 
between two risk groups. The procedure was performed 
using R package “ggplot2”.

2.8 | Evaluation of the sensitivity of 
chemotherapeutic agents

In order to explore the difference in sensitivity to chemo-
therapeutic drugs between high- risk and low- risk groups, 
we applied “pRRophetic” package in R to predict the 
half- maximal inhibitory concentration (IC50) of different 
chemotherapeutic drugs in each patient.14 This package 

IRGPab =

{

1, IRGa< IRGb

0 IRGa≥ IRGb

Risk Score = ĥ0 (t)
∑k

i=1
�iSi,

http://www.immport.org
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could predict IC50 by creating statistical models from the 
drug sensitivity and RNA- seq data based on Genomics 
of Drug Sensitivity in Cancer (GDSC) (www.cance rrxge 
ne.org/).

3  |  RESULTS

3.1 | Clinical features of 46 patients with 
“driver gene negative” LUAD

Totally 46 patients' samples with “driver gene negative” 
LUAD randomly selected according to clinical stage, the 
overall survival was 3.13 ± 1.62 years, and 13 patients 
died during the follow- up time (median: 2.83  years). 
The incidence of lung adenocarcinoma was similar in 
males and females, aged from 28 to76 years (median: 
57.5 years). More other pathological features are shown 
in Table 1.

3.2 | Identification of DEIRGs

Immune- related genes (IRGs) of 1299 were recognized 
in expression microarray from 46 patients with “driver 
gene negative” LUAD. And 59 genes were identified as 
differentially expressed immune- related genes (DEIRGs) 
which expressed differently between normal tissue and 
tumor tissue. Of the 59 differentially expressed genes, 
43 were highly expressed, and 16 were lowly expressed. 
The volcano plot and heat plot of DEIRGs are shown in 
Figure 1.

3.3 | A 5- IRGPs signature can predict the 
prognosis of patients with “driver gene 
negative” LUAD

Through iterative cycle with 0- or- 1 gene screening, 
1175 IRGPs were screened from 59 DEIRGs. Combined 
with clinical survival data, the univariate Cox regres-
sion analysis showed that 9- IRGPs were prognostic risk 
factors of LUAD patients (p  <  0.05). Further multivari-
ate Cox regression analysis suggested 5- IRGPs, which 
are CD1A|CXCL135, CD1A|S100A7L2, IFNA7|CMTM2, 
IFNA7|CSF3, CAMP|TFR2 could predict the prognosis of 
patients with “driver gene negative” LUAD (p < 0.05), and 
all of the 5- IRGPs were risk factors of prognosis with haz-
ard ratio less than 1 (Supplementary Table S1).

By using the formula in the method, we calculated the 
Risk Scores of 46 patients to further evaluate the predic-
tive performance of immune signature. Time- dependent 

ROC survival curve showed that the signature had a good 
prediction performance with 0.850 of 3- year- AUC and 
0.810 of 5- year- AUC (Figure  2A). Meanwhile, the max-
imum inflection point of 5- year ROC curve was taken 
as the cut- off point (cut- off:1.014) (Figure  2B), then we 
divided 46 patients into high- risk group (n  =  21) and 
low- risk group (n  =  25) by the cut- off. The Risk Score 
distribution point plot and survival status point plot 
showed that the survival time and survival status of 
low- risk group were better than those of high- risk group 
(Figure  2C,D). Furthermore, Kaplan– Meier survival 
curves showed that the 3- years and 5- years survival rates 
were both higher in low- risk group than high- risk group 
(p < 0.001) (Figure 2E), suggesting a better prognosis in 
the low- risk group.

T A B L E  1  Clinical information of patients

Variables
Number of 
patients (%)

Status

Dead 13 (28.26)

Alive 33 (71.74)

Gender

Male 22 (47.83)

Female 24 (52.17)

Age

<60 28 (60.87)

≥60 18 (39.13)

Clinical stage

I 13 (28.26)

II 13 (28.26)

III 11 (23.91)

IV 9 (15.57)

T stage

T1 21 (45.65)

T2 17 (36.96)

T3 4 (8.70)

T4 4 (8.70)

N stage

N0 19 (41.30)

N1 9 (15.57)

N2 12 (26.09)

N3 6 (13.04)

M stage

M0 38 (82.61)

M1 8 (17.39)

Overall survival

Years (mean ± SD) 3.13 ± 1.62

http://www.cancerrxgene.org/
http://www.cancerrxgene.org/


   | 2263Cai et al.

F I G U R E  1  Volcano plot and heatmap of differentially expressed immune- related genes in 46 patients of “driver gene negative” LUAD
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3.4 | Risk score is clinically relevant and 
act as an independent prognostic factor

We also explored the relationship between Risk Score of 
the signature and clinical characteristics and prognosis 
for 46 patients. Risk Score, age, gender, tumor stage, and 
TNM stage were all included in Cox regression analysis. 
Univariate Cox regression analysis showed that Risk Score, 
tumor stage, T stage, M stage, and N stage were associated 
with prognosis of LUAD patients (p < 0.05), and multivari-
ate Cox regression analysis only showed that Risk Score 

was an independent prognostic risk factor in patients with 
“driver gene negative” LUAD (p < 0.05) (Table S2).

We also explored the correlation between Risk Score 
and clinical characteristics. Wilcoxon signed- rank sum 
test showed that tumor stage, N stage, and M stage were 
closely correlated with the Risk Score (p  <  0.05). While 
there is a higher Risk Score, there is a higher tumor stage, 
N stage, and M stage. Age and gender behaved the no cor-
relation with the Risk Score (Figure  3A– F). A heatmap 
about the relative of two groups and clinical characteris-
tics was also showed in Figure 3G.

F I G U R E  2  Construction of prognostic model with five DEirRNA pairs signature of 46 patients of “driver gene negative” LUAD. (A, B) 
Time- dependent ROC curves of prognostic model and maximum inflection point. (C, D) Distribution of risk score and survival status of the 
five prognostic DEirRNA pairs. (E) Kaplan– Meier curves of OS in low- risk and high- risk group
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F I G U R E  3  The predictive performance of the signature and clinical characteristics and correlations between risk score and clinical 
characteristics. (A, B) ROC curve of 3 and 5 year in signature and clinical characteristics. (C– H) Correlations between risk score and clinical 
characteristics. (I) Heatmap of low-  and high- risk group and clinical characteristics. *p < 0.05, **p < 0.01, and ***p < 0.001
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3.5 | A prognostic nomogram can better 
predict the prognosis of 46 patients

In order to improve the predictive performance, we es-
tablished a prognostic nomogram, combined the immune 
Risk Score and stage (Figure 4A). The prognostic nomo-
gram showed better predictive performance than original 
model of signature with 0.934 of 3- year- AUC and 0.846 
of 5- year- AUC (Figure  4B). Further calibration curve 
showed that the overall survival proportion in nomogram 

was consistent with the real overall survival proportion, 
which proved that the prognostic nomogram could better 
predict the prognosis of LUAD patients (Figure 4C).

3.6 | Tumor immune 
microenvironment of 46 patients

Since the samples we studied were “driver gene- negative” 
LUAD patients and could not benefit from targeted 

F I G U R E  4  Construction of nomogram for predicting prognosis. (A) Nomogram based on Risk Score and tumor stage. (B) Time- 
dependent ROC curves of 3 and 5 years in nomogram. (C) Calibration curve of nomogram
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therapy, the characteristics of the immune microenviron-
ment in LUAD patients in high- risk and low- risk groups 
were analyzed in order to obtain immunotherapy's sup-
port. Based on CIBESORT deconvolution algorithm, the 
evaluation results showed that seven immune cells were 
associated with group difference. In the low- risk group, 
B cell naïve, T cells CD4 memory activated, T cell CD8, 
and Macrophages M1 were highly expressed, while in 
the high- risk group, B cell memory, Dendritic cells, and 
T cells regulatory (Tregs) resting were highly expressed 
(Figure 5A).

In addition, the expression of immune check point 
gene (PD- 1/ PD- L1/CTLA- 4) in 46 LUAD patients were 
also compared, and we discovered that PD- 1/PD- L1/
CTLA- 4 were higher expressed in the high- risk group, 
which might suggest the different immune characteristics 
and different effect of immunotherapy in the two groups 
(Figure 5B– D).

3.7 | Drug sensitivity analysis in patients 
with “driver gene- negative” LUAD

According to the Cancer Genome Project drug predic-
tion database, “pRRophetic” package was used to analyze 
the prediction of response to common drugs for LUAD 
patients in the high- risk and low- risk group. We discov-
ered that doxorubicin, epothilone.B, gemcitabine, and 
paclitaxel showed statistically significant differences in 
two groups (p  <  0.05), and in high- risk group, the half 

inhibitory centration (IC50) of doxorubicin, epothilone.B, 
gemcitabine, and paclitaxel was lower than low- risk 
group, which might suggest high- risk group was more 
suitable for chemotherapy (Figure 5E– H).

4  |  DISCUSSION

The effect of targeted drug therapy for patients with 
“driver gene positive” lung adenocarcinoma is significant, 
greatly improving the survival rate of patients with lung 
adenocarcinoma. Previous clinical trials have demon-
strated that, represented by EGFR mutations, TKIs such 
as erlotinib, gefitinib treatment is encouraging compared 
with chemotherapy in improving FPS.15,16 However, in 
clinical practice, about 25% of patients with lung adeno-
carcinoma are “driver gene negative”17– 21 and cannot ben-
efit from targeted therapy. Although the application of 
immune checkpoint drugs brings hope to these patients, 
there are still many problems in clinical application, so 
new therapeutic targets are especially important for pa-
tients with “driver gene negative” LUAD.

Numerous studies have reported that immune- related 
genes (IRGs) are tightly associated with the development 
of various types of malignant tumors and affect the prog-
nosis of cancer patients.22– 25 Similarly, IRGs have also 
been shown to be closely correlated with prognosis of lung 
adenocarcinoma.26,27 Differently, looking at the point of 
“driver gene negative,” we sought to explore the internal 
relationship between IRGs and prognosis in patients with 

F I G U R E  5  Different immune characteristics of “driver gene negative” LUAD in low- risk and high- risk group. (A) Twenty immune 
cells of microenvironment in low- risk and high- risk group. (B– D) Correlations between PD- 1/PD- L1/CTLA4 and low- risk and high- risk 
group. (E– H) Drug sensitivity analysis in patients of “driver gene negative” LUAD in low- risk and high- risk group. *p < 0.05, **p < 0.01, and 
***p < 0.001
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this subtype LUAD, and to further analyze the different 
immune characteristics of this subtype patients in order 
to seek support for immunotherapy.

In this study, 59 DEIRGs were screened from patients 
with “driver gene negative” LUAD, and screened 1175 
IRGPs with circulating pairing and 0– 1 matrix. A marker 
composed of 5- IRGPs was obtained by Cox regression 
analysis. We found CD1A|CXCL13, CD1A|S100A7L2, 
IFNA7|CMTM2, IFNA7|CSF3, CAMP|TFR2, this 5- IRGPs 
were strongly associated with the prognosis of patients, all 
of which were protective factors for the prognosis of lung 
adenocarcinoma. Including eight subtypes of genes, the 
signature suggested that the higher expression of CD1A, 
IFNA7 and CAMP in CD1A|CXCL13, CD1A|S100A7L2, 
IFNA7|CMTM2, IFNA7|CSF3 and CAMP|TFR2 led to 
the higher scores of 5- IRGPs (5 IRGPs all = 1), the lower 
Risk Score and the better prognosis. And in clinical work, 
the detection of expressions of the 5- IRGPs would be 
economic and practical instead of examining all RNA's- 
specific expression. Then, corresponding treatment would 
be correctly taken by doctors according to the Risk Score 
calculated by the 5- IRGPs. Previous studies have found 
that multiple genes in these gene pairs play an important 
role in the development of lung cancer. Some studies have 
demonstrated that CD1A has antitumor effect and de-
creased CD1A is associated with early recurrence of lung 
adenocarcinoma.28 A large number of studies have demon-
strated that CXCL13 promotes progression of lung cancer 
and act as a risk factor for lung cancer,29– 31 related studies 
have also indicated that CSF3 promotes the development 
of NSCLC by promoting angiogenesis and immunosup-
pression,32 while S100A7L2 (S100a7b), IFNA7, CMTM2, 
CAMP, and TFR2 are demonstrated that they play an im-
portant role in other cancers occurrence and development 
by regulating the downstream pathway, which provide 
meaningful reference value for NSCLC.33– 39 The model es-
tablished based on five immune- related gene pairs could 
accurately predict the prognosis of patients with negative 
gene drive, with AUC of 0.850 and 0.810 at 3- years and 5- 
years. Additionally, the AUC of nomogram constructed in 
combination with tumor stage at 3 and 5 years could reach 
0.934 and 0.846. Although there have been previous stud-
ies on prediction models of immune- related genes in lung 
adenocarcinoma, there are no studies on immune- related 
genes for important subtypes of “driver gene- negative” 
LUAD. At the same time, unlike previous studies investi-
gating the relationship between expression and prognosis, 
our use of cyclic pairing and 0– 1 matrix can effectively 
avoid the impact of expression measurement errors, and 
it may be more persuasive to focus on the expression of 
genes or not.

Similarly, we explored the correlation between the 
immune marker and clinical features. The prediction 

performance of the model based on the marker possess 
high predictive power. In addition, we found that the Risk 
Score was correlated with tumor stage, M stage, and N 
stage, and tumor size was not significantly correlated with 
the score. The model immune- related genes we obtained 
may promote tumor progression at the molecular level.

To further explore the mechanism of predict model, we 
investigated the immune characteristics of the tumor mi-
croenvironment and PD- 1, PD- L1, and CTLA- 4 expression 
in patients with lung adenocarcinoma. We found that low- 
risk multiple immune cells were highly expressed. High- 
risk PD- 1, PD- L1, and CTLA- 4 expression was higher in 
the low- risk group, suggesting that patients in our high- 
risk group will be more sensitive to immunotherapy. 
Finally, we initially performed drug susceptibility analysis 
of “driver gene negative” lung adenocarcinoma using the 
Cancer Genome Project drug prediction database, and the 
results of the analysis suggested that the high- risk group 
was more sensitive to doxorubicin, epothilone. B, gemcit-
abine and paclitaxel. A great concern is that the high- risk 
group may be better candidates for immunotherapy, while 
the low- risk group has higher sensitivity to chemothera-
peutic drugs. This makes it possible to use this model to 
guide the choice of treatment modalities. We look forward 
to adding clinical trials in subsequent studies to confirm 
our study.

The prognosis and treatment of patients with “driver 
gene negative” LUAD is a difficult point in clinical work. 
Our exploration is based on single- center data, and the 
sample size still needs to be improved. Further biological 
verification is necessary. At the same time, over the past 
decade from 2003 to 2015, the treatment guidelines for 
lung cancer have also changed, affecting the prognosis of 
some patients, which cannot be avoided in this retrospec-
tive study. And it is remarkable that the latest guideline 
about lung adenocarcinoma suggests patients with “driver 
gene negative” LUAD receiving immunotherapy,40 which 
might lead to a better prognosis for these patients. There 
are still no relevant studies in “driver gene negative” lung 
adenocarcinoma immunotherapy, and we are eager to in-
vestigate this in the next clinical work.

5  |  CONCLUSIONS

We propose an intrinsic link between prognosis and 
IRGs in patients with “driver gene negative” LUAD, 
construct a prognostic prediction model using 5- IRGPs, 
and analyze tumor immune cell infiltration. In addi-
tion, the signature can predict patient sensitivity to 
some chemotherapeutic agents as well as expression of 
immune checkpoint genes (PD- 1/PD- L1/CTLA- 4). At 
the same time, aiming at improving the accuracy of the 
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prediction model and facilitating its clinical application, 
we combine the immune characteristics and clinical in-
formation to construct the nomogram, and achieve good 
prediction effect.

CONFLICT OF INTEREST
The authors report no conflicting or competing interests.

AUTHOR CONTRIBUTIONS
He- yuan Cai: Data curation, Methodology, Investigation, 
Writing- original draft, Writing- review & editing. Hao- 
shuai Yang: Data curation, Methodology, Investigation, 
Writing- original draft, Writing- review & editing. Shi- chao 
Shan: Data curation, Investigation, Resources, Writing- 
review & editing. Yi- yan Lei: Data curation, Investigation, 
Resources, Writing- review & editing. Jian- yong Zou: 
Data curation, Investigation, Resources, Writing- review 
& editing. Ying Zhu: Conceptualization, Methodology, 
Resources, Formal analysis, Writing- original draft, 
Writing- review & editing, Supervision, Funding. Hong- he 
Luo: Conceptualization, Writing- review & editing, 
Supervision.

DATA AVAILABILITY STATEMENT
The data are available from the corresponding author 
upon reasonable request.

ETHICS STATEMENT
The study involving human participants was reviewed and 
approved by the Ethics Committee of the First Affiliated 
Hospital of Sun Yat- sen University.

ORCID
He- yuan Cai   https://orcid.org/0000-0002-3275-9228 
Yi- yan Lei   https://orcid.org/0000-0002-1328-7472 

REFERENCES
 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: 

Cancer J Clin. 2020;70:7- 30. doi:10.3322/caac.21590
 2. Shi J, Hua X, Zhu B, et al. Somatic genomics and clinical fea-

tures of lung adenocarcinoma: a retrospective study. PLoS Med. 
2016;13:e1002162. doi:10.1371/journ al.pmed.1002162

 3. Saito M, Suzuki H, Kono K, Takenoshita S, Kohno T. Treatment of 
lung adenocarcinoma by molecular- targeted therapy and immuno-
therapy. Surg Today. 2018;48:1- 8. doi:10.1007/s0059 5- 017- 1497- 7

 4. Vargas AJ, Harris CC. Biomarker development in the preci-
sion medicine era: lung cancer as a case study. Nat Rev Cancer. 
2016;16:525- 537. doi:10.1038/nrc.2016.56

 5. Cui Y, Fang W, Li C, et al. Development and validation of a novel 
signature to predict overall survival in ‘driver gene- negative’ lung 
adenocarcinoma (LUAD): results of a multicenter study. Clin 
Cancer Res. 2019;25:1546- 1556. doi:10.1158/1078- 0432.Ccr- 18- 2545

 6. Lopez- Chavez A, Thomas A, Rajan A, et al. Molecular profil-
ing and targeted therapy for advanced thoracic malignancies: 

a biomarker- derived, multiarm, multihistology phase II 
basket trial. J Clin Oncol. 2015;33:1000- 1007. doi:10.1200/
jco.2014.58.2007

 7. Chen DS, Mellman I. Oncology meets immunology: the 
cancer- immunity cycle. Immunity. 2013;39:1- 10. doi:10.1016/j.
immuni.2013.07.012

 8. Pitt JM, Vétizou M, Daillère R, et al. Resistance mechanisms 
to immune- checkpoint blockade in cancer: tumor- intrinsic and 
- extrinsic factors. Immunity. 2016;44:1255- 1269. doi:10.1016/j.
immuni.2016.06.001

 9. Wells DK, van Buuren MM, Dang KK, et al. Key parameters of 
tumor epitope immunogenicity revealed through a consortium 
approach improve neoantigen prediction. Cell. 2020;183:818- 
834.e813. doi:10.1016/j.cell.2020.09.015

 10. Zou W, Wolchok JD, Chen L. PD- L1 (B7- H1) and PD- 1 path-
way blockade for cancer therapy: mechanisms, response bio-
markers, and combinations. Sci Transl Med. 2016;8:328rv324. 
doi:10.1126/scitr anslm ed.aad7118

 11. Hellmann M D, Nathanson T, Rizvi H, Creelan B. C., Sanchez- 
Vega F., Ahuja A., Ni A., Novik J. B., Mangarin L. M.B., Abu- 
Akeel M., Liu C., Sauter J. L., Rekhtman N., Chang E., Callahan 
M. K., Chaft J. E., Voss M. H., Tenet M., Li X.M., Covello K., 
Renninger A., Vitazka P., Geese W. J., Borghaei H., Rudin C. 
M., Antonia S. J., Swanton C., Hammerbacher J., Merghoub T., 
McGranahan N., Snyder A., Wolchok J. D. (2018) Genomic fea-
tures of response to combination immunotherapy in patients 
with advanced non- small- cell lung cancer. Cancer Cell 33:843- 
852.e844. doi:10.1016/j.ccell.2018.03.018

 12. Prat A, Navarro A, Paré L, et al. Immune- related gene ex-
pression profiling after PD- 1 blockade in non- small cell lung 
carcinoma, head and neck squamous cell carcinoma, and mel-
anoma. Cancer Res. 2017;77:3540- 3550. doi:10.1158/0008- 5472.
Can- 16- 3556

 13. Sun S, Guo W, Wang Z, et al. Development and validation of an 
immune- related prognostic signature in lung adenocarcinoma. 
Cancer Med. 2020;9:5960- 5975. doi:10.1002/cam4.3240

 14. Geeleher P, Cox N, Huang RS. pRRophetic: an R package for 
prediction of clinical chemotherapeutic response from tumor 
gene expression levels. PLoS One. 2014;9:e107468. doi:10.1371/
journ al.pone.0107468

 15. Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus stan-
dard chemotherapy as first- line treatment for European pa-
tients with advanced EGFR mutation- positive non- small- cell 
lung cancer (EURTAC): a multicentre, open- label, randomised 
phase 3 trial. Lancet Oncol. 2012;13:239- 246. doi:10.1016/s1470 
- 2045(11)70393 - x

 16. Mitsudomi T, Morita S, Yatabe Y, et al. Gefitinib versus cispla-
tin plus docetaxel in patients with non- small- cell lung cancer 
harbouring mutations of the epidermal growth factor receptor 
(WJTOG3405): an open label, randomised phase 3 trial. Lancet 
Oncol. 2010;11:121- 128. doi:10.1016/s1470 - 2045(09)70364 - x

 17. Wen S, Dai L, Wang L, et al. Genomic signature of driver genes 
identified by target next- generation sequencing in Chinese 
non- small cell lung cancer. Oncologist. 2019;24:e1070- e1081. 
doi:10.1634/theon colog ist.2018- 0572

 18. Akbay EA, Koyama S, Carretero J, et al. Activation of the PD- 1 
pathway contributes to immune escape in EGFR- driven lung tu-
mors. Cancer Discov. 2013;3:1355- 1363. doi:10.1158/2159- 8290.
Cd- 13- 0310

https://orcid.org/0000-0002-3275-9228
https://orcid.org/0000-0002-3275-9228
https://orcid.org/0000-0002-1328-7472
https://orcid.org/0000-0002-1328-7472
https://doi.org/10.3322/caac.21590
https://doi/10.1371/journal.pmed.1002162
https://doi/10.1007/s00595-017-1497-7
https://doi/10.1038/nrc.2016.56
https://doi/10.1158/1078-0432.Ccr-18-2545
https://doi/10.1200/jco.2014.58.2007
https://doi/10.1200/jco.2014.58.2007
https://doi/10.1016/j.immuni.2013.07.012
https://doi/10.1016/j.immuni.2013.07.012
https://doi/10.1016/j.immuni.2016.06.001
https://doi/10.1016/j.immuni.2016.06.001
https://doi/10.1016/j.cell.2020.09.015
https://doi/10.1126/scitranslmed.aad7118
https://doi/10.1016/j.ccell.2018.03.018
https://doi/10.1158/0008-5472.Can-16-3556
https://doi/10.1158/0008-5472.Can-16-3556
https://doi/10.1002/cam4.3240
https://doi/10.1371/journal.pone.0107468
https://doi/10.1371/journal.pone.0107468
https://doi/10.1016/s1470-2045(11)70393-x
https://doi/10.1016/s1470-2045(11)70393-x
https://doi/10.1016/s1470-2045(09)70364-x
https://doi/10.1634/theoncologist.2018-0572
https://doi/10.1158/2159-8290.Cd-13-0310
https://doi/10.1158/2159-8290.Cd-13-0310


2270 |   Cai et al.

 19. Kim JH, Yoon S, Lee DH, Jang SJ, Chun SM, Kim SW. Real- 
world utility of next- generation sequencing for targeted gene 
analysis and its application to treatment in lung adenocarci-
noma. Cancer Med. 2021;10:3197- 3204. doi:10.1002/cam4.3874

 20. Meng H, Guo X, Sun D, et al. Genomic profiling of driver gene 
mutations in Chinese patients with non- small cell lung cancer. 
Front Genet. 2019;10:1008. doi:10.3389/fgene.2019.01008

 21. Comprehensive molecular profiling of lung adenocarcinoma. 
Nature. 2014;511:543- 550. doi:10.1038/natur e13385

 22. Zhang M, Wang X, Chen X, Zhang Q, Hong J. Novel immune- 
related gene signature for risk stratification and prognosis of 
survival in Lower- grade glioma. Front Genet. 2020;11:363. 
doi:10.3389/fgene.2020.00363

 23. Chen Y, Li ZY, Zhou GQ, Sun Y. An immune- related gene 
prognostic index for head and neck squamous cell carcinoma. 
Clin Cancer Res. 2021;27:330- 341. doi:10.1158/1078- 0432.
Ccr- 20- 2166

 24. Chen X, Jin Y, Gong L, et al. Bioinformatics analysis finds im-
mune gene markers related to the prognosis of bladder cancer. 
Front Genet. 2020;11:607. doi:10.3389/fgene.2020.00607

 25. Wu J, Zhao Y, Zhang J, Wu Q, Wang W. Development and vali-
dation of an immune- related gene pairs signature in colorectal 
cancer. Onco Targets Ther. 2019;8:1596715. doi:10.1080/21624 
02x.2019.1596715

 26. Bao X, Shi R, Zhao T, Wang Y. Immune landscape and a novel 
immunotherapy- related gene signature associated with clinical 
outcome in early- stage lung adenocarcinoma. J Mol Med (Berl). 
2020;98:805- 818. doi:10.1007/s0010 9- 020- 01908 - 9

 27. Song C, Guo Z, Yu D, et al. A prognostic nomogram combin-
ing immune- related gene signature and clinical factors predicts 
survival in patients with lung adenocarcinoma. Front Oncol. 
2020;10:1300. doi:10.3389/fonc.2020.01300

 28. Pasternack H, Kuempers C, Deng M, et al. Identification of 
molecular signatures associated with early relapse after com-
plete resection of lung adenocarcinomas. Sci Rep. 2021;11:9532. 
doi:10.1038/s4159 8- 021- 89030 - 9

 29. Shiels MS, Pfeiffer RM, Hildesheim A, et al. Circulating inflam-
mation markers and prospective risk for lung cancer. J Natl 
Cancer Inst. 2013;105:1871- 1880. doi:10.1093/jnci/djt309

 30. Eide HA, Halvorsen AR, Sandhu V, et al. Non- small cell lung 
cancer is characterised by a distinct inflammatory signature in 
serum compared with chronic obstructive pulmonary disease. 
Clin Transl Immunol. 2016;5:e109. doi:10.1038/cti.2016.65

 31. Wang GZ, Cheng X, Zhou B, et al. The chemokine CXCL13 in 
lung cancers associated with environmental polycyclic aromatic 
hydrocarbons pollution. eLife. 2015;4:e09419. doi:10.7554/
eLife.09419

 32. Aliper AM, Frieden- Korovkina VP, Buzdin A, Roumiantsev SA, 
Zhavoronkov A. A role for G- CSF and GM- CSF in nonmyeloid 
cancers. Cancer Med. 2014;3:737- 746. doi:10.1002/cam4.239

 33. Cancemi P, Di Cara G, Albanese NN, et al. Differential occur-
rence of S100A7 in breast cancer tissues: a proteomic- based in-
vestigation. Proteomics Clin Appl. 2012;6:364- 373. doi:10.1002/
prca.20110 0072

 34. Chen H, Luo J, Guo J. Development and validation of a five- 
immune gene prognostic risk model in colon cancer. BMC 
Cancer. 2020;20:395. doi:10.1186/s1288 5- 020- 06799 - 0

 35. Dunn GP, Koebel CM, Schreiber RD. Interferons, immunity 
and cancer immunoediting. Nat Rev Immunol. 2006;6:836- 848. 
doi:10.1038/nri1961

 36. Guo X, Zhang S, Tan S, et al. Downregulated CMTM2 poses po-
tential clinical significance in hepatocellular carcinoma. DNA 
Cell Biol. 2020;39:683- 689. doi:10.1089/dna.2019.5237

 37. Zhang H, Kong Q, Wang J, Jiang Y, Hua H. Complex roles of 
cAMP- PKA- CREB signaling in cancer. Exp Hematol Oncol. 
2020;9:32. doi:10.1186/s4016 4- 020- 00191 - 1

 38. Zhang S, Tian R, Bei C, et al. Down- regulated CMTM2 pro-
motes epithelial- mesenchymal transition in hepatocellular car-
cinoma. Onco Targets Ther. 2020;13:5731- 5741. doi:10.2147/ott.
S250370

 39. Zhao QF, Ji J, Cai Q, et al. Low expression of transferrin receptor 
2 predict poor prognosis in gastric cancer patients. Kaohsiung J 
Med Sci. 2020;36:1014- 1020. doi:10.1002/kjm2.12278

 40. Ettinger DS, Wood DE, Aggarwal C, et al. NCCN guidelines in-
sights: non- small cell lung cancer, version 1. 2020. J Natl Compr 
Canc Netw. 2019;17:1464- 1472. doi:10.6004/jnccn.2019.0059

How to cite this article: Cai H-y, Yang H-s, Shan 
S-c, et al. A novel signature based on immune- 
related gene pairs and clinical features to predict 
prognosis and treatment effect in “driver gene 
negative” lung adenocarcinoma. Cancer Med. 
2022;11:2259–2270. doi: 10.1002/cam4.4577

https://doi/10.1002/cam4.3874
https://doi/10.3389/fgene.2019.01008
https://doi/10.1038/nature13385
https://doi/10.3389/fgene.2020.00363
https://doi/10.1158/1078-0432.Ccr-20-2166
https://doi/10.1158/1078-0432.Ccr-20-2166
https://doi/10.3389/fgene.2020.00607
https://doi/10.1080/2162402x.2019.1596715
https://doi/10.1080/2162402x.2019.1596715
https://doi/10.1007/s00109-020-01908-9
https://doi/10.3389/fonc.2020.01300
https://doi/10.1038/s41598-021-89030-9
https://doi/10.1093/jnci/djt309
https://doi/10.1038/cti.2016.65
https://doi/10.7554/eLife.09419
https://doi/10.7554/eLife.09419
https://doi/10.1002/cam4.239
https://doi/10.1002/prca.201100072
https://doi/10.1002/prca.201100072
https://doi/10.1186/s12885-020-06799-0
https://doi/10.1038/nri1961
https://doi/10.1089/dna.2019.5237
https://doi/10.1186/s40164-020-00191-1
https://doi/10.2147/ott.S250370
https://doi/10.2147/ott.S250370
https://doi/10.1002/kjm2.12278
https://doi/10.6004/jnccn.2019.0059
https://doi.org/10.1002/cam4.4577

	A novel signature based on immune-related gene pairs and clinical features to predict prognosis and treatment effect in “driver gene negative” lung adenocarcinoma
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Detection of driver genes and identification of patients
	2.2|Acquisition of genetic data
	2.3|Construction of immune-related genes (IRGPs)
	2.4|Establishment and validation of the risk model
	2.5|Independent prognostic and clinical relevance analysis
	2.6|Establishment and verification of prognosis nomogram
	2.7|Investigation of tumor immune microenvironment
	2.8|Evaluation of the sensitivity of chemotherapeutic agents

	3|RESULTS
	3.1|Clinical features of 46 patients with “driver gene negative” LUAD
	3.2|Identification of DEIRGs
	3.3|A 5-IRGPs signature can predict the prognosis of patients with “driver gene negative” LUAD
	3.4|Risk score is clinically relevant and act as an independent prognostic factor
	3.5|A prognostic nomogram can better predict the prognosis of 46 patients
	3.6|Tumor immune microenvironment of 46 patients
	3.7|Drug sensitivity analysis in patients with “driver gene-negative” LUAD

	4|DISCUSSION
	5|CONCLUSIONS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


