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Abstract
Background: Lung adenocarcinoma (LUAD) is the main pathological subtype of Non-small cell lung
cancer. The aim of this study was to establish an immune-related gene pairs (IRGPs) signature for
predicting the prognosis of LUAD patients.

Methods: We downloaded the gene expression pro�le and immune-related gene set from TCGA and
ImmPort database, respectively, to establish IRGPs. Then, IRGPs were subjected to univariate Cox
regression analysis, LASSO regression analysis and multivariable Cox regression analysis to screen and
develop a IRGPs signature. The receiver operating characteristic curve (ROC) was applied for evaluating
the predicting accuracy of this signature by calculating the area under ROC (AUC) and data from GEO
was used to validate this signature.

Results: A IRGPs signature with 8 IRGPs was constructed. The AUC for 1- and 3-year overall survival in
TCGA set was 0.867 and 0.870, respectively. Similar result was observed in the AUC of GEO set and Total
set (GEO set [1-year: 0.819; 3-years: 0.803]; Total set [1-year: 0.845; 3-years: 0.801]). Survival analysis of
three sets demonstrated high-risk LUAD patients exhibited poorer prognosis. The multivariable Cox
regression indicated that risk score was independent prognostic factors.

Conclusions: We developed a novel IRGPs signature for predicting prognosis of LUAD. 

Background
Lung cancer (LC) is the most common cancer globally [1]. There was estimated that approximate 234,000
new cases were diagnosed as LC per year, which account for 14% and 13% new malignant tumor cases in
men and women, respectively [1, 2]. Additionally, LC is the main cause of cancer-related deaths and result
in over 170,000 deaths annually. Non-small cell lung cancer (NSCLC) is the most common LC (85%) and
lung adenocarcinoma (LUAD) is the main pathological subtype of NSCLC (50%) [2, 3]. What is worse,
incidence and mortality rate of LUAD continue to rise. TNM staging (AJCC) is the most commonly used
parameters for clinical decision and assessment of outcome in LUAD [4, 5]. However, emerging studies
have shown that although patients with same TNM stage and treatment strategy, the prognosis regimen
different, indicating that TNM staging alone may not provide adequate information for prognosis
assessment in LC.

Recently, researchers have come to realize that immune system plays a vital role in the development and
progression of malignant tumors [6, 7]. Immune cells recognize malignant cells and eradicate them
through immune surveillance [8]. However, tumors could manipulate the immune system to avoid
recognition of tumor-associated antigens and to facilitate their own development [9]. Based on this
theory, immunotherapy which acts via harness the immune system against tumors has been approved
for the treatment of manifold tumors and revolutionized cancer treatment.
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Aberrations of gene expression are universal events in malignancies and may facilitate tumor
progression [10]. Omics technology provide a novel opportunity to understand gene changes and
potential mechanisms in numerous cancers. In addition, bioinformatics analysis could secondary
analyze the result of high throughput sequencing to identify new tumor biomarkers and provide more
accurate prognosis prediction and clinical decision.

Immune-related gene pairs (IRGPs) signature has been established in several cancers including colorectal
cancer [11], liver cancer [12] and ovarian cancer [13], and shown well accurate prognosis prediction. So
far, there is no research using IRGPs to establish a prognosis signature in LUAD. Thence, in this study, we
downloaded gene expression pro�le from The Cancer Genome Altas (TCGA,
https://cancergenome.nih.gov) and immune-related gene set from ImmPort
(https://www.immport.org/home), respectively, to performed systematic and comprehensive analysis on
the characteristics of IRGPs and develop a IRGPs signature in LUAD. Then, we validated this IRGPs
signature with data from Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov) and evaluated
the predictive accuracy by calculating the area under curve (AUC) of receiver operating characteristic
curve (ROC). Finally, we compared this signature with clinical characteristics to prove the predictive
accuracy and effectiveness of this IRGPs signature.

Methods

Patient Data Sets
The FPKM level gene expression matrix was taken from TCGA. The raw data of mRNA expression matrix
of GSE68465 was downloaded from GEO dataset. The platform for GSE68465 was GPL96 (Affymetrix
Human Genome U133A Array). In addition, relevant clinical characteristics of patients were also collected.
Moreover, Patients lacking of survival time and survival state or with follow-up time < 30 days would be
removed. A total of 896 LUAD patients were collected from two independent data-sets (TCGA set: 465
cases; GEO set: 431 cases). Then, the raw data of mRNA expression matrix in GSE68465 were
transformed with log2 and normalized with “affy” package in R 3.6.3 (https://www.r-project.org).

Construction of prognostic IRGPs signature
The IRGPs signature was constructed as described by previous study [12]. In a speci�c IRGP, if the �rst
IRG (immune-related gene) expression level was lower than the second IRG expression level, the score of
this IRGP was 0; otherwise, the score was 1. Moreover, if the score of an IRGP in more than 80% cases
was 0 or 1, the IRGP would be discarded. Then, we performed univariate Cox regression analysis to
preliminary �ltrate IRGPs with p < 0.001 as a cut-off criterion in TCGA set. Next, LASSO regression
analysis was used to further screen out IRGPs with iteration = 1000. Finally, multivariate Cox regression
analysis was carried out to identify top overall survival (OS)-related IRGPs and to establish a prognostic
IRGPs signature. An immune risk score formula was also formed, based on which immune risk score of
each patient was calculated. According to the median value of immune risk score, patients were divided
into low- and high- risk score group.
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Validation and evaluation of prognostic IRGPs signature
With above risk score formula, immune risk score of patients in GEO set was also calculated and
classi�ed patients into low- and high- risk score group. The AUC both in TCGA set, GEO set and Total set
were calculated to assess the predictive accuracy and effectiveness of this prognostic IRGPs signature.

Correlation between IRGPs signature and tumor-in�ltrating
immune cells (TIICs)
The CIBERSORT algorithm is novel accurate way that can determine 22 TIICs simultaneously in the tumor
microenvironment (TME). With this algorithm, we quanti�ed the proportions of 22 TIICs in all samples.
CIBERSORT P < 0.05 was considered as cut-off value. In addition, the different landscape of 22 TIICs
between low- and high- group was also compared. Meanwhile, several key immunomodulators were also
quanti�ed.

Gene set enrichment analysis (GSEA)
To determine the biological processes and signaling pathways altered by this IRGPs signature, GSEA was
performed. FDR < 0.05 was set as the cut-off value.

Statistical analysis
All statistical analyses were performed with R 3.6.3 software. All clinical information of LUAD patients
were present as number (No.) and percentage (%) in Table 1. For categorical data, chi-square test was
performed to compare the differences among different groups, whereas, for measurement data, t test or
one-way ANOVA was used. Survival curves were performed by the Kaplan-Meier method, and survival
rates were compared with log-rank test. Moreover, univariate Cox regression analysis and multivariate
Cox regression analysis were also performed to identify independent prognostic factors.
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Table 1
The baseline characteristics of lung adenocarcinoma patients in this study.

Parameter TCGA set GEO set Total set

Gender      

Female 254(54.62%) 216(50.12%) 470(52.46%)

Male 211(45.38%) 215(49.88%) 426(47.54%)

Age      

≤ 65 232(49.89%) 226(52.44%) 458(51.11%)

> 65 233(50.11%) 205(47.56%) 438(48.89%)

EGFR mutation      

No 174(37.42%) NA 174(19.42%)

Yes 69(15.05%) NA 69(7.70%)

NA 221(47.53%) 431(100%) 653(72.88%)

KRS mutation      

No 34(7.32%) NA 34(3.79%)

Yes 17(3.66%) NA 17(1.90%)

NA 414(89.02%) 431(100%) 845(94.31%)

Smoking      

Never 62(13.33%) 48(11.14%) 110(12.28%)

Ever 391(84.09%) 295(68.45%) 686(76.56%)

NA 12(2.58%) 88(20.41%) 100(11.16%)

Radiotherapy      

No 336(9.38%) 353(81.90%) 689(76.90%)

Yes 53(85.62%) 64(14.85%) 117(13.06%)

NA 76(5.00%) 14(3.25%) 90(10.04%)

Chemotherapy      

No 461(99.14%) 329(76.33%) 790(88.17%)

Yes 3(0.64%) 89(20.65%) 92(10.27%)

Abbreviations: TCGA, The Cancer Genome Altas; GEO, Gene Expression Omnibus; NA, represents
information not available.
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Parameter TCGA set GEO set Total set

NA 1(0.22%) 13(3.02%) 14(1.56%)

Histologic grade      

Poor NA 161(37.35%) 161(17.97%)

Moderate NA 203(47.10%) 203(22.66%)

Well NA 60(13.92%) 60(6.70%)

NA 465(100%) 7(1.63%) 472(52.68%)

TNM stage      

I 261(56.12%) 270(62.65%) 531(59.26%)

II 106(22.80%) 99(22.97%) 205(22.88%)

III 73(5.70%) 60(13.92%) 133(14.84%)

IV 84(18.06%) 0 84(9.38%)

NA 1(0.22%) 2(0.46%) 3(0.34%)

Tumor size      

T1 159(34.19%) 145(33.64%) 304(33.93%)

T2 248(53.33%) 244(56.61%) 492(54.91%)

T3 40(8.60%%) 27(6.26%) 67(7.48%)

T4 18(3.87%) 11(2.55%) 29(3.14%)

NA 0 4(0.94%) 4(0.44%)

Lymph node      

N0 309(66.45%) 292(67.75%) 601(67.08%)

N1-3 151(32.47%) 137(31.79%) 288(32.14%)

NA 5(1.08%) 2(0.46%) 7(0.78%)

Metastasis      

M0 441(94.84%) 429(99.54%) 870(97.10%)

M1 24(5.16%) 0 24(2.68%)

NA 0 2(0.46%) 2(0.22%)

Abbreviations: TCGA, The Cancer Genome Altas; GEO, Gene Expression Omnibus; NA, represents
information not available.
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Parameter TCGA set GEO set Total set

Survival status      

Alive 310(66.67%) 202(46.87%) 512(57.14%)

Dead 155(33.33%) 229(53.13%%) 384(42.86%%)

Risk score      

Low 233(50.11%) 248(57.54%) 481(53.68%)

High 232(49.89%) 183(42.26%) 415(46.32%)

Total 465(100%) 431(100%) 896(100%)

Abbreviations: TCGA, The Cancer Genome Altas; GEO, Gene Expression Omnibus; NA, represents
information not available.

Results

Construction of prognostic IRGPs signature
After removing IRGPs with score of 0 or 1 in more than 80% of LUAD cases, a total of 12334 IRGPs were
pared. After screened by univariate Cox regression analysis, 54 IRGPs were subjected to LASSO
regression analysis and 21 IRGPs were �lter out (Fig. 1a). Then, 8 IRGPs were identi�ed and used to
develop a prognostic IRGPs signature with multivariate Cox regression analysis (Fig. 1b, Table 2). Risk
score = (1.139* Score BIRC5|BPHL) + (-0.658* Score CCL2|OAS1) + (-0.461* Score CD19|PI3) + (-0.557* Score

CD3G|IL7) + (0.723* Score DKK1|IKBKB) + (0.448* Score F2RL1|LTB) + (-0.428* Score PIK3CD|S100A2) + (-0.606*
Score SERPIND1|VEGFC).
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Table 2
Information on the 8 immune-related gene pairs (IRGPs).

IRG 1 Immune processes IRG 2 Immune processes Coe�cient

BIRC5 Antimicrobials BPHL Antimicrobials 1.139

CCL2 Antimicrobials OAS1 Antimicrobials -0.658

CD19 BCR Signaling Pathway PI3 BCR Signaling Pathway -0.461

CD3G TCR signaling Pathway IL7 Cytokines -0.557

DKK1 Cytokines IKBKB TCR signaling Pathway 0.723

F2RL1 Antimicrobials LTB Cytokines 0.448

PIK3CD BCR Signaling Pathway S100A2 Antimicrobials -0.428

SERPIND1 Antimicrobials VEGFC Cytokines -0.606

Abbreviations: IRGPs, immune-related gene pairs; IRG, immune-related gene.

Validation and evaluation of prognostic IRGPs signature
According to cut-off risk score (0.99), patients both in TCGA set and GEO set were divided into low- and
high- risk group. Moreover, we calculated the AUC for predicting 1- and 3- year OS to evaluate the
predictive capacity of this IRGPs signature. The AUC for 1- and 3- year OS in TCGA set was 0.867 and
0.870, respectively (Fig. 2a-b). And, in GEO set was 0.819 and 0.803, respectively (Fig. 2c-d). In addition,
the AUC in Total set was 0.845 and 0.801, respectively (Fig. 2e-f).

The IRGPs signature is an independent prognostic factor of
survival
We performed survival analysis to compare the survival difference between low- and high- risk group. All
of Kaplan-Meier plot in three sets demonstrated that high-risk LUAD patients exhibited poorer prognosis
than low-risk LUAD patients (TCGA set: p < 0.001, Fig. 3a; GEO set: p < 0.001, Fig. 3b; Total set: p < 0.001,
Fig. 3c). Furthermore, strati�cation analyses showed the clinical outcome of high-risk LUAD patients in
each stratum of age, gender, TNM stage, tumor size, lymph node metastasis and distance metastasis
was poorer than that of low-risk patients (Additional �le 1: Fig. S1).

Then, we took advantage of univariate and multivariate Cox regression model to compare the immune
risk score with clinical parameters (age, gender, smoking, histologic grade, TNM grade, tumor size, lymph
node metastasis and distance metastasis). Univariable Cox regression analysis indicated that immune
risk score was an important factor of patients’ prognosis (TCGA set: HR = 4.227, 95%CI [2.952, 6.053], p < 
0.001, Fig. 3d; GEO set: HR = 2.484, 95%CI [1.911, 3.229], p < 0.001, Fig. 3f; Total set: HR = 2.975, 95%CI
[2.416, 3.662], p < 0.001, Fig. 3h). Moreover, multivariable Cox regression demonstrated that immune risk
score was independent prognostic factors (TCGA set: HR = 3.856, 95%CI [2.621, 5.673], p < 0.001, Fig. 5d;
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GEO set: HR = 2.473, 95%CI [1.789, 3.436], p < 0.001, Fig. 5g; Total set: HR = 2.876, 95%CI [2.264, 3.654], p 
< 0.001, Fig. 5i).

Correlation between IRGPs signature and clinical
characteristics
As shown in Fig. 4a, between low- and high- risk group, the distribution of gender (p = 0.001), histologic
grade (p < 0.001), TNM grade (p < 0.001), tumor size (p < 0.001), lymph node metastasis (p < 0.001) and
KRS mutation (0.012) was signi�cantly different. Meanwhile, compared with female, the immune risk
score in male was signi�cantly increased (p = 0.001, Fig. 4b). Similar result was observed in patients with
lymph node metastasis (p < 0.001, Fig. 4f) and distance metastasis (p = 0.024, Fig. 4g). In addition, with
the increase of TNM grade (p < 0.001, Fig. 4c) and tumor size (p < 0.001, Fig. 4e), the immune risk score
was also increased. The immune risk score was signi�cantly different among three histologic grades
(poor differentiation, Moderate differentiation and well differentiation) (p < 0.001, Fig. 4d).

Relationship between IRGPs and TIICs
A total of 823 LUAD cases met the cut-off value: CIBERSORT P < 0.05. Macrophages (M0, M1, M2)
(32.98%) was the most abundant immune cell, followed by Plasma cells (17.23%) and resting memory
CD4 T cells (9.70%) (Additional �le 1: Fig. S2a). Compared with normal lung tissues, LUAD tissues had
more proportions of naive B cells (p = 0.001), memory B cells (p < 0.001), Plasma cells (p < 0.001),
activated memory CD4 T cells (p < 0.001), helper follicular T cells (p < 0.001), regulatory T cells (Tregs) (p 
< 0.001), gamma delta T cells (p = 0.011), Macrophages M1 (p < 0.001) and less proportions of T resting
memory cells CD4 (p = 0.001), resting NK cells (p < 0.001), Monocytes (p < 0.001), resting Mast cells (p = 
0.004), Eosinophils (p < 0.001) (Additional �le 1: Fig. S2b). In addition, the proportions of Macrophages
M0 (p < 0.001), Macrophages M1 (p = 0.001), activated memory CD4 T cells (p < 0.001) were signi�cantly
increased in high- risk group, whereas, the proportions of memory B cells (p < 0.001), Plasma cells (p = 
0.008), naive T cells CD4 (p = 0.010), gamma delta T cells (p = 0.012), resting NK cells (p < 0.001),
Monocytes (p < 0.001), resting Dendritic cells (p < 0.001), resting Mast cells (p < 0.001) and Neutrophils (p 
= 0.002) were signi�cantly decreased (Fig. 5a). Furthermore, survival analysis demonstrated that low level
of Monocytes (p = 0.020, Fig. 5b), Plasma cells (p = 0.020, Fig. 5d) and memory B cells (p = 0.010, Fig. 5e)
as well as high level of Macrophages M1 (p = 0.048, Fig. 5c) were highly related with poor prognosis of
LUAD patients.

Expression pro�le of immunomodulators.
In the present study, we quanti�ed 11 immunomodulators (CTLA4, ICOS, ICOSLG, IFN- γ, LAG3, NKG2A,
PD − 1, PD − L1, TIGIT, TIM3 and VISTA). The expression of CTLA4 (p < 0.001), IFN- γ (p = 0.002), LAG3 (p 
< 0.001), PD − 1 (p < 0.001) and TIGIT (p < 0.001) was signi�cantly up-regulated in LUAD tissues
compared with that in normal lung tissues, whereas, ICOS (p < 0.001), PD − L1 (p < 0.001), TIM3 (p < 
0.001) and VISTA (p < 0.001) was signi�cantly down-regulated (Additional �le 1: Fig. S3a). Moreover, in
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high- risk group, 8 immunomodulators (CTLA4 (p < 0.001), ICOS (p < 0.001), IFN- γ (p = 0.032), LAG3 (p = 
0.003), PD − 1 (p < 0.001), TIGIT (p < 0.001), TIM3 (p = 0.036) and VISTA(p < 0.001)) were signi�cantly
decreased (Additional �le 1: Fig. S3b).

GSEA analysis
To explore the basic biological mechanisms of the IRGPs signature, we carried out GSEA analysis. A total
of 27 KEGG pathways were enriched between high- risk and low- risk group, among which, various KEGG
pathways were highly related with immune system, such as “Chemokine signaling pathway”, “Intestinal
immune network for IgA production”, “T cell receptor signaling pathway”, “B cell receptor signaling
pathway”, “Primary immunode�ciency”, “Leukocyte transendothelial migration”, “MAPK signaling
pathway” and “PPAR signaling pathway” (Fig. 6).

Discussion
Immune system plays a vital role in the development and progression of tumors [14]. In addition,
immunotherapy has revolutionized cancer treatment and has been approved for the treatment of
manifold tumors recently [15], which has shed new light on the therapy of LUAD. Thence, in the current
study, we collected immune-related gene matrix from TCGA to construct immune-related gene pairs
(IRGPs). A total of 12334 IRGPs were paired and a prognostic IRGPs signature based on 8 IRGPs was
established with multivariate Cox regression analysis. According to immune risk score, LUAD patients
were divided into high- and low- risk group. Survival analysis demonstrated that high- risk patients
predicted poorer clinical outcome compared with low- risk patients. Moreover, the result of multivariate
Cox regression analysis showed that the immune risk score was an independent prognostic factor for
LUAD patients. Then, we further evaluated the predictive effective and accuracy of this prognostic IRGPs
signature for 1- and 3-year OS and validated this �nding. The AUC of this signature in TCGA set for
predicting 1- and 3- year OS was 0.867 and 0.870, respectively, which was signi�cantly higher than the
AUC of clinical parameters (Age [1-year: 0.528; 3-years: 0.687]; Gender [1-year: 0.621; 3-years: 0.408]; TNM
stage [1-year: 0.724; 3-years: 0.664]; EGFR mutation [1-year: 0.501; 3-years: 0.465]; KRS mutation [1-year:
0.505; 3-years: 0.268]; Radiotherapy [1-year: 0.569; 3-years: 0.568]; Chemotherapy [1-year: 0.528; 3-years:
0.504]; Smoking [1-year: 0.511; 3-years: 0.410]). Similar phenomenon was observed in GEO set and Total
set (GEO set: IRGPs signature [1-year: 0.819; 3-years: 0.803]; Age [1-year: 0.589; 3-years: 0.565]; Gender [1-
year: 0.532; 3-years: 0.545]; TNM stage [1-year: 0.759; 3-years: 0.718]; Radiotherapy [1-year: 0.509; 3-
years: 0.555]; Chemotherapy [1-year: 0.487; 3-years: 0.549]; Smoking [1-year: 0.529; 3-years: 0.521];
Histologic grade [1-year: 0.420; 3-years: 0.427]; Total set: IRGPs signature [1-year: 0.845; 3-years: 0.801];
Age [1-year: 0.556; 3-years: 0.551]; Gender [1-year: 0.578; 3-years: 0.530]; TNM stage [1-year: 0.742; 3-
years: 0.716]; EGFR mutation [1-year: 0.501; 3-years: 0.465]; KRS mutation [1-year: 0.505; 3-years: 0.268];
Radiotherapy [1-year: 0.536; 3-years: 0.558]; Chemotherapy [1-year: 0.500; 3-years: 0.519]; Smoking [1-
year: 0.518; 3-years: 0.512]; Histologic grade [1-year: 0.420; 3-years: 0.427]). All data suggested that this
prognostic IRGPs signature was suitable for estimating 1- and 3- year survival probability of LUAD
patients. In recent years, several prognostic signatures have been established for exploring prognosis-
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related biomarkers and predicting the 1- and/or 3- year OS of LUAD. For example, Guo et al. have built an
immune signature for 1- and 3- year survival rate of LUAD [16]. The AUC for 1- and 3- year of the immune
signature in training cohort was 0.70 and 0.68, respectively, and in validation cohort was 0.72 and 0.73,
respectively, all of which were inferior to that in this study. Similarly, a study reported an immune-related
signature [17], which AUC of 1- (0.78) and 3- (0.76) year was also lower than that of this study. In
addition, Zhang et al. constructed a glycolysis-related gene prognostic signature with the AUC = 0.72 [18].
Meanwhile, a research developed a autophagy-related gene prognostic signature with the AUC = 0.615
[19]. Both the AUC of these two studies were inferior to that of this IRGPs signature.

Nowadays, emerging studies show TME is critical for the initiation, progression and metastasis of
cancers and therapy targeting the TME seem to be an encouraging method to overthrow therapeutic
escape issues. In this study, we also calculated the proportions of 22 TIICs in TME of LUAD and found
that macrophages were the most abundant immune cell, which was in line with previous �nding. In
addition, in high- risk patients, the proportions of macrophages M0 and M1 were signi�cantly increased.
Furthermore, survival analysis showed high level of macrophages M1 patients exhibited poorer prognosis
than low level patients. Macrophages M0 may polarized into different types: M1 and M2 [20, 21]. Several
studies have revealed that macrophages M1 could promote LUAD cells proliferation, invasion and
metastasis [22–24] and an increased density of macrophages M1 in TME was associated with poor
prognosis in LUAD [25, 26], which was in accord with the �nding in this study. Previous researches
demonstrated accumulating memory B cells were strongly correlated with favorable clinical outcomes in
various tumors [27]. In TME, B cells could produce antibodies and present antigen to regulate innate
immunity and promote antigen-speci�c immune responses to repress tumor development [28–30]. Here,
we found that low- risk patients had higher proportions of memory B cells and patients with high level of
memory B cells had better prognosis.

Although this prognostic IRGPs signature showed a well predictive accuracy and effectiveness for LUAD
patients in this study, there are still some limitations needed to be addressed. Firstly, owing to all samples
were collected from public database, the potential selection bias could not be excluded. Secondly, due to
the signature was constructed with microarray expression and RNA-seq data which is costly and time-
consuming, it is di�cult to popularize in clinical applications. Finally, there was no experimental research
conducted to testify the �nding in this study. Hence, further investigation is demanded to examine the
discovery of this research both in vitro and in vivo.

Conclusions
Take together, in the current study, we developed a prognostic IRGPs signature with 8 immune-related
genes pairs for predicting 1- and 3- year overall survival in LUAD. This signature will be an available
predictive tool to identify patients who might bene�t from immunotherapy and provide a convenient tool
for risk assessment and prognosis assessment.

Abbreviations
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LC: Lung cancer; NSCLC: Non-small cell lung cancer; LUAD: lung adenocarcinoma; IRGPs: Immune-related
gene pairs; TCGA: The Cancer Genome Altas; GEO: Gene Expression Omnibus; ROC: the receiver operating
characteristic curve; AUC: the area under curve of ROC; OS: overall survival; TME: the tumor
microenvironment; TIICs: tumor-in�ltrating immune cells; GSEA: Gene set enrichment analysis.
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Figure 1

Construction of IRGPs signature. (a) “Leave- one-out-cross-validation” for parameter selection in LASSO
regression. (b) The forest map of multivariate Cox regression analysis.

Figure 2

Evaluation of IRGPs signature. (a) The area under the receiver operating characteristic (ROC) curve (AUC)
for 1-year overall survival of LUAD patients in TCGA set. (b) 3-year overall survival in TCGA set. (c) 1-year
overall survival in GEO set. (d) 3-year overall survival of in GEO set. (e) 1-year overall survival in Total set.
(f) 3-year overall survival in Total set.
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Figure 3

The IRGPs signature is an independent prognostic factor of survival. Survival difference between high-
and low- risk group (a) In TCGA set. (b) In GEO set. (c) In Total set. (d) The result of univariable Cox
regression analysis in TCGA set. (e) The result of multivariable Cox regression analysis in TCGA set. (f)
The result of univariable Cox regression analysis in GEO set. (g) The result of multivariable Cox
regression analysis in GEO set. (h) The result of univariable Cox regression analysis in Total set. (i) The
result of multivariable Cox regression analysis in Total set.
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Figure 4

Correlation between risk score and clinical characteristics. (a) Heat map for the distribution of
clinicopathological features between high- and low- risk group. (b) The difference of risk score among
different gender. (c) among different TNM grades. (d) among different Histologic grades. (e) among
different tumor size. (f) between with and without lymph node metastasis. (g) between with and without
distance metastasis. *P<0.05, ** P<0.01, ***P<0.001.
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Figure 5

Relationship between IRGPs and tumor-in�ltrating immune cells. (a) The difference of 22 TIICs between
high- and low- risk group. (b) Survival difference between high- and low- proportions of Monocytes. (c)
Macrophages M1, (d) Plasma cells. (e) memory B cells. *P<0.05, ** P<0.01, ***P<0.001.
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Figure 6

Gene set enrichment analysis (GSEA) between high and low immune risk groups. (a) 27 KEGG pathway-
related gene sets. (b) “Chemokine signaling pathway”. (c) “Intestinal immune network for IgA production”.
(d) “T cell receptor signaling pathway”, (e) “B cell receptor signaling pathway”. (f) “Primary
immunode�ciency”. (g) “Leukocyte transendothelial migration”. (h) “MAPK signaling pathway”. (i) “PPAR
signaling pathway”.
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