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Background: TP53 mutation (TP53mut) is significantly associated with immunotherapy response in lung 
adenocarcinoma (LUAD), but not an ideal independent prognostic predictor for it. Here, we investigated a 
novel potential biomarker and constructed a model for prognostic prediction in LUAD TP53mut patients. 
Methods: 469 LUAD samples retrieved from The Cancer Genome Atlas database were divided into TP53wt 
(wild-type TP53) and TP53mut groups. TMB values were calculated based on the number of variants/exon 
lengths, and high- and low-TMB groups were divided by the median value. Differentially expressed genes 
(DEGs) between the two TMB groups were identified using “limma” package, and functional analyses were 
performed by Kyoto Encyclopedia of Genes and Genomes, Gene Ontology, and Gene Set Enrichment 
Analysis. The infiltration ratio of 22 immune cells were calculated with the CIBERSORT algorithm. Survival 
analyses were estimated by Kaplan-Meier with the log-rank test. Finally a TMB prognostic index (TMBPI) 
with receiver operating characteristic (ROC) curve was constructed and calculated to evaluate the predictive 
value in TP53mut LUAD.
Results: There were diverse mutation types in 100% of TP53 mutants, while mutations were present in 
86.5% of cases with TP53wt. TP53mut patients had higher TMB levels than TP53wt patients. Overall survival 
in TP53mut patients with low-TMB levels was significantly shorter than that in high-TMB TP53mut patients. 
High-TMB patients had higher levels of CD8 T cell and effector B cell, while lower levels of resting memory 
CD4 T cells, monocytes, activated dendritic cells, etc. than low-TMB patients. Poor survival outcome in 
TP53mut patients was correlated with lower effector B cell infiltration and higher activated dendritic cell. 
Survival risk analyses of 121 DEGs showed that good survival outcomes correlated positively with FBXO36 
and KLHL35 expression levels, but correlated negatively with that of LINC0054. TMBPI analysis of the 
TP53mut patients showed that high-TMBPI patients had worse survival outcomes than low-TMBPI patients.
Conclusions: Our findings suggest that the TMB value with immune infiltrates is a novel potential 
biomarker for prognostic prediction of TP53mut patients. The TMBPI combined with detection of TP53 
mutation can be used as a better predictor of prognosis in LUAD.
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Introduction

Lung adenocarcinoma (LUAD) is the most common 
histological subtype of non-small cell lung carcinoma 
( N S C L C ) ,  a c c o u n t i n g  f o r  m o r e  t h a n  6 0 %  o f  
NSCLC (1). LUAD is a leading cause of cancer-related 
mortality worldwide, with an average 5-year survival rate of 
only 15% (2). The TP53 gene has been known as a tumor 
suppressor since the 1990s (3). Somatic mutations in the 
TP53 gene occur in more than 50% of all LUAD and are 
the most frequent mutated alterations (4). TP53 mutation 
was reported that not only promotes tumor progression, but 
also is significantly associated with immunotherapy response 
(5-7). In 2015, the US Food and Drug Administration (FDA) 
approved immune checkpoint blockade (ICB) targeting 
programmed death-1 (PD-1)/programmed cell death 
ligand 1 (PD-L1) and cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4)/B7-1 for treating advanced LUAD (8). 
In recent years, immunotherapy have showed significant 
improvement in survival outcome of LUAD, where 
TP53mut patients have better response to immunotherapy 
than TP53wt patients (6,9,10). Consequently, many current 
studies consider TP53mut an independent predictor of 
immunotherapy response (6). Nonetheless, not all TP53mut 
patients can benefit from immunotherapy, and the objective 
response rate (ORR) and disease control rate (DCR) for 
TP53mut patients to ICB immunotherapy were 47.4% and 
57.9% respectively (11). Facing nearly 50% of TP53mut 

patients with the low or no response to immunotherapy, 
we believe that TP53mut is far from an ideal independent 
predictor thereof (11,12). Therefore, there is an urgent 
need for exploration of novel potential immune-related 
biomarkers combined with detection of TP53mut for precise 
prediction of the prognosis of LUAD.

To date, TP53mut related and non-related immune 
prognostic signatures for the prediction of overall survival 
and therapeutic responses in lung cancer mainly include 
PD-1/PD-L1 expression levels (13), microsatellite 
instability (14), tumor mutation burden (TMB) (15), 
neoantigen load (16), and tumor-infiltrating lymphocytes 
(TILs) (17). TMB is defined as the total number of 
nonsynonymous mutations per coding area of a tumor 
genome, and is calculated as mutations per megabase. 
Many studies have demonstrated that tumors with higher 
TMB tend to form more neoantigens to pose higher 
immunogenicity, and TMB has recently been identified as 
a genetic signature associated with favorable outcome for 
immunotherapy in many types of cancer (18). Furthermore, 
a series of KEYNOTE oncology clinical trials have implied 

that patients with NSCLC and PD-L1 positive expression 
[tumor proportion score (TPS) ≥1%] benefited from 
pembrolizumab immunotherapy; in particular, patients with 
PD-L1 TPS of ≥50% had better survival outcome (19,20). 
In addition, tumors can be classified as “cold” or “hot” 
based on the abundance of TILs in the tumor immune 
microenvironment (TIME) (21). In lung cancer, hot tumors 
demonstrate high response rates to immunotherapy, and 
converting a cold tumor to a hot tumor could confer more 
benefits to immunotherapy patients (22).

As a tumor suppressor, mutations in the TP53 gene can 
lead to p53 losing its regulatory roles in DNA repair, which 
may cause the higher TMB levels in TP53mut tumors (23,24). 
Moreover, a higher expression level of PD-L1 in TP53mut 
patients was also identified (25,26). Beyond that, as a series 
of clinical trials reported that PD-L1-negative or low-TMB 
patients also respond to immunotherapy (27), suggesting 
that PD-1/PD-L1 expression and TMB values are not the 
ideal biomarkers for it, and these may be attributed to other 
influencing factors in the TIME. Considering the limitation 
of single biomarker, a prognostic predictive model covering 
various biomarkers may direct immunotherapy more 
precisely. In addition, the correlation of these current 
biomarkers with survival outcome and immunotherapeutic 
responses in LUAD with TP53mut remain unclear. Here, we 
obtained the multi-omics data of patients with LUAD from 
The Cancer Genome Atlas (TCGA) database. Through 
comparison analysis, we investigated the relationship of 
PD-1/PD-L1 expression, TMB levels, and their potential 
association with immune infiltrates with survival outcome 
in LUAD patients with TP53mut to identify a novel potential 
biomarker for prognostic prediction of TP53mut patients, and 
finally attempted to construct a prognostic predictive model 
for immunotherapy. 

We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-565). 

Methods

Acquisition and processing of multi-omics data

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). First, we 
retrieved the multi-omics data of 469 LUAD samples 
from TCGA database by the GDC tool (http://portal.
gdc.cancer.gov/).  We identified 227 samples with 
TP53mut and 242 samples with TP53wt. Masked Somatic 
Mutation data of each sample was selected and processed 

https://dx.doi.org/10.21037/tcr-21-565
https://dx.doi.org/10.21037/tcr-21-565
http://portal.gdc.cancer.gov/
http://portal.gdc.cancer.gov/
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through VarScan software. Somatic variants in Mutation 
Annotation Format (MAF) were prepared and analyzed 
with the R maftools package, which has multiple analysis 
modules for summarizing, analyzing, and visualizing MAF  
files (28). Meanwhile, the transcriptome profiles of 
all available TP53mut samples were downloaded. The 
corresponding clinical data of samples with and without 

TP53mut were also obtained via the GDC tool, and included 
the variables age (years), sex (female and male), T (tumor 
size), N (metastatic lymph node), M (distant metastasis), 
American Joint Committee on Cancer tumor-node-
metastasis (AJCC TNM) stage (I–IV stage), and survival 
outcome mainly including overall survival time (OS). 

Precise calculation of TMB values

TMB defined as the number of somatic mutations in 
the coding region per megabase, was calculated with the 
number of variants/exon lengths for each sample through 
Perl scripts based on the JAVA platform in our study. Then, 
we divided the samples into high- and low-TMB groups 
based on the median value. 

RNA sequencing differential expression and pathway 
analysis

According to the TMB levels, we classified the transcriptome 
data of TP53mut LUAD samples into high- and low-TMB 
groups. The differentially expressed genes (DEGs) between 
the two groups were identified using the limma package, with 
absolute log fold-change (Log2FC) >1 and false discovery 
rate (FDR) <0.05. A heatmap plot was drawn to exhibit the 
expression difference via the heatmap package. Then, org.
Hs.eg.db: Genome wide annotation for Human was applied 
to obtain the Entrez Gene ID for each DEG, and we also 
performed function and pathway analyses using Gene 
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes 
(KEGG). Further, Gene Set Enrichment Analysis (GSEA) 
was performed based on the JAVA platform with TMB levels 
as the phenotype and with c2.cp.kegg.v7.0 symbols.gmt gene 
sets as the reference gene set.

CIBERSORT evaluation and prognostic analysis of 
immune cells in TP53mut LUAD

The infiltration ratio of 22 immune cells from each sample 
were calculated with the CIBERSORT algorithm (R 
script v1.03) to evaluate the abundances of member cell 

types using gene expression data. The distributions of the 
immune cells in the two TMB groups were visualized via 
the pheatmap package. Moreover, univariate Cox analysis 
of 22 immune cells was conducted, fitted by the function 
coxph in the survival package. 

Survival analysis of DEGs and TIMER database

We selected all DEGs with |log2FC| >1 and FDR <0.05 to 
assess their prognostic value in TP53mut patients. We utilized 
the for cycle R script to perform batch survival analysis 
of the genes via the survival package, and association 
with survival outcome. Meanwhile, correlation of gene 
expression and copy number variations (CNVs) with 
immune infiltrates in LUAD was evaluated based on the 
gene and SCNA modules of the TIMER database (http://
cistrome.shinyapps.io/timer/) (29). 

Construction of TMB prognostic index (TMBPI) for hub 
genes

We constructed a prognostic predictive model and 
obtained the respective coefficients (βi) of three hub genes 
by performing multivariate Cox regression analysis. As 
previous reports (30), the TMBPI was defined as: TMBPI 
= Ʃ(βi × Expi) (i=3), and high- and low-risk groups were 
divided with reference to the median TMBPI as the 
threshold. Furthermore, Kaplan-Meier survival analysis 
was conducted between the two groups and the receiver 
operating characteristic (ROC) curve with area under the 
curve (AUC) was constructed and calculated to evaluate the 
predictive value of three signatures in TP53mut LUAD. 

Statistical analysis

All statistical analyses of the present study were performed 
using R statistical software (version 4.0.3). The comparisons 
between two groups was tested by Wilcoxon rank-sum; and 
the Kruskal-Wallis test was used for ≥2 categories. Kaplan-
Meier survival analysis was examined by the log-rank test. 
Multivariate analysis was conducted via Cox regression. 
P<0.05 was considered statistically significant.

Results

Patient characteristics

As the workflow in Figure S1, we collected the data of 469 
patients with LUAD; TP53mut was identified in 227 cases 

http://cistrome.shinyapps.io/timer/
http://cistrome.shinyapps.io/timer/
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
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(48.4%) and wild-type TP53 (TP53wt) in 242 cases (51.6%). 
All patients with and without TP53mut were included; Table 1 
lists their clinical characteristics. The TP53mut patients, i.e., 
105 men (46.26%) and 122 women (53.74%), were aged 
33–87 years (mean age, 65.4±10.20 years). Based on the 

AJCC cancer classification, 174 cases (76.65%) had stage 
I and II disease, 50 cases (22.03%) had stage III and IV 
disease, and 3 cases (1.32%) had disease of unknown stage. 
Among the TP53wt patients, there were 109 men (45.04%) 
and 133 women (54.96%), aged 39–88 years (mean age,  
66.68±9.62 years). There were 187 cases (77.27%) with 
stage I and II disease, 51 cases (21.07%) with stage III and 
IV disease, and 4 cases (1.66%) with disease of unknown 
stage.

Somatic mutational landscape of LUAD with and without 
TP53mut 

All mutations of each gene in each sample were counted and 
analyzed. The overall mutational landscape is schematically 
represented in a waterfall plot (Figure 1), in which we 
identified that 100% of TP53 mutants contained diverse 
mutation types, while only 86.5% of the TP53wt cases had 
mutations. The general information of the mutations in 
TP53mut and TP53wt cases were shown in Figure S2, and 

the mutations were classified into groups, where missense 
mutation comprised the largest fraction (Figure S2A,S2G), 
single-nucleotide polymorphism (SNP) occurred more 
frequently than deletions or insertions (Figure S2B, S2H), 
and C>A was the most common single-nucleotide variant 
(SNV) in TP53mut and TP53wt LUAD (Figure S2C,S2I). 
Furthermore, altered bases in each sample were calculated 
and showed in box plots (Figure S2D,S2E,S2J,S2K). The 
top 10 most frequently mutated signatures of LUAD were 
showed in horizontal histogram with percentage as follows 
(from high to low): TP53mut (Figure S2F): TP53 (100%), 
TTN (56%), MUC16 (51%), RYR2 (48%), CSMD3 (46%), 
ZFHX4 (39%), LRP1B (38%), USH2A (37%), XIRP2 (31%), 
and FLG (30%); while that for TP53wt was: TTN (31%), 
KRAS (30%), MUC16 (28%), CSMD3 (24%), LRP1B 
(22%), RYR2 (20%), KEAP1 (19%), USH2A (18%), ZFHX4 
(17%), and STK11 (16%) (Figure S2L). Figure S3 shows 
the coincident and exclusive associations across the mutated 
genes.

TMB comparison and correlation to survival outcome

The TMB value in each case was calculated, and the 
patients with TP53mut had higher TMB level than the 
TP53wt patients; corresponding results are shown in a box 
plot (P<0.001; Figure 2A). Then, we divided the patients 
into high- and low-TMB groups as described in the 
method, and analyzed the prognostic significance of TMB 

Table 1 Baseline characteristics of 469 patients with LUAD with and 
without TP53mut from TCGA cohort

Characteristics TP53mut TP53wt

Vital status

Alive 137 (60.35) 159 (65.70)

Dead 90 (39.65) 83 (34.30)

Age, y 65.4±10.20 66.68±9.62

≥65 108 (45.58) 147 (60.74)

<65 113 (49.78) 82 (33.88)

Unknow 6 (2.64) 13 (5.37)

Gender

Female 122 (53.74) 133 (54.96)

Male 105 (46.26) 109 (45.04)

AJCC-T

T0 0 0

T1-2 198 (87.22) 210 (86.78)

T3-4 27 (11.89) 32 (13.22)

Unknow 2 (0.89) 0 (0.00)

AJCC-N

N0 141 (62.11) 158 (65.29)

N1 48 (21.15) 38 (15.70)

N2 32 (14.10) 35 (14.46)

N3 2 (0.88) 3 (1.24)

NX 4 (1.76) 8 (3.31)

AJCC-M

M0 147 (64.76) 173 (71.49)

M1 13 (5.73) 11 (4.55)

MX 64 (28.19) 57 (23.55)

Unknown 3 (1.32) 1 (0.41)

Stage

I & II 174 (76.65) 187 (77.27)

III & IV 50 (22.03) 51 (21.07)

Unknow 3 (1.32) 4 (1.66)

https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
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https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-565-Supplementary.pdf
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for overall survival (OS) separately. TP53mut patients with 
the low-TMB levels had significantly shorter OS than 
those with the high-TMB levels (P=0.004; Figure 2B). As 
a comparison, there was no significance in OS for TP53wt 
patients between the high-TMB and low-TMB groups 
(P=0.528, Figure 2C). These findings indicate that the TMB 
value has a prognostic role in LUAD, especially in TP53mut 
patients. In addition, we examined the association between 
TMB levels and the patients’ clinical characteristics. Higher 
TMB value correlated with age (P=0.005, Figure S4A) and 
male gender (P=0.008, Figure S4B). However, no significant 
relationship of TMB level was observed in the AJCC-T 
stage, AJCC-N stage, AJCC-M stage, and AJCC-stage I–IV 
groups (Figure S4C-S4F).

Relationship of PD-1/PD-L1 expression with TMB value 
and survival outcome 

PD-1 and PD-L1 are well-known ICB targets in LUAD. 
PD-1 and PD-L1–directed tumor immunotherapy has 
become more widely used for cancer in clinical practice. We 
explored the relationship of PD-1/PD-L1 expression levels 
with TMB value and found that there was no significant 
relevance of PD-1/PD-L1 expression to TMB levels  
(Figure 3A,B). Prognosis analysis revealed no significance 
for OS in TP53mut patients grouped according to PD-1/
PD-L1 differential expression levels (Figure 3C). These 
indicated that PD-1/PD-L1 expression levels were not the 
suitable prognostic indicators for TP53mut patients.

Figure 2 Prognostic analysis of TMB levels in TP53mut and TP53wt LUAD. (A) TP53 mutants had higher TMB values than wild-type 
TP53 (P<0.001). (B) Correlation of TMB levels with survival outcomes in TP53mut LUAD. (C) Correlation of TMB levels with survival 
outcomes in TP53wt LUAD. Red and blue curves represent the high-TMB and low-TMB groups, respectively. The dotted lines show the 
5-year survival rates. P<0.05 indicates statistical significance. TMB, tumor mutation burden; LUAD, lung adenocarcinoma; TP53mut, TP53 
mutation; TP53wt, wild-type TP53. 
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Comparison analysis of gene expression between TMB 
groups in TP53mut LUAD

As shown in Figure 4A, the genome expression levels in the 
high-TMB group were typically decreased compared to 
that in the low-TMB group. Differential analysis revealed 
121 DEGs with |log2 FC| >1 and P<0.05 (https://cdn.
amegroups.cn/static/public/tcr-21-565-1.xlsx). KEGG 
pathway analysis suggested that the enrichment of TMB-
related signatures mainly correlated with immuno-
inflammatory responses (Figure 4B, https://cdn.amegroups.
cn/static/public/tcr-21-565-2.xlsx). GO enrichment analysis 
showed that the DEGs functioned mainly in cytokine 
activity, chemokine activity, and immune related crosstalk 
(Figure 4C; https://cdn.amegroups.cn/static/public/tcr-
21-565-3.xlsx). Furthermore, we also obtained the GSEA 
results for the top items, revealing that the active signaling 
pathways of high-TMB groups were mainly enriched in 
insulin, Notch, ERBB, and mTOR signaling pathways 
(FDR q-value <0.25) (Figure 4D). In the low-TMB group, 
the active pathways were often associated with Nod-like 
receptor, chemokine, JAK-STAT, Fc epsilon RI, Toll-like 
receptor, RIG-I-like receptor, B cell receptor, and PPAR 
signaling pathways (Figure 4D). All these findings suggested 
that TMB is a specific indicator for human immunity and 
closely related to the prognosis of TP53mut patients.

Abundance distribution of immune cells between TMB 
groups in TP53mut LUAD

We then calculated the particular proportions of 22 
immune cells in each TP53mut sample by CIBERSORT 
algorithm, and showed the result in a box plot (Figure 5A). 
The Wilcoxon rank-sum test revealed higher infiltrating 
levels of CD8 T cells, plasma cells (effector B cells) and 
helper follicular T cells in the high-TMB group than that 
in the low-TMB group, while resting memory CD4 T cells, 
monocytes, resting dendritic cells, activated dendritic cells, 
and resting mast cells showed the opposite trend (P<0.05; 
Figure 5B).

Low B cell and high dendritic cell infiltrates were a risk 
factor and predicted poor survival outcome

To investigate the underlying prognostic roles of various 
immune cells for TP53mut patients, we conducted univariate 
analysis of these signatures associated with OS. Lower 
infiltration of effector B cells and higher infiltration of 

activated dendritic cells and memory B cells were correlated 
with poor survival outcome, while other immune infiltrates 
had no significant impact on OS (Figure 6). Effector B cells 
and activated dendritic cells were regarded as TMB-related 
immune infiltrates and their detection could be combined 
with the TMB value for predicting prognosis in TP53mut 
patients.

Identification of hub TMB-related genes and relationship 
of CNVs with immune infiltrates

Survival risk analysis of 121 DEGs (P<0.05) revealed three 
TMB-related hub genes associated with survival outcome: 
FBXO36 (F-box protein 36), KLHL35 (kelch-like family 
member 35), and LINC00524 (long noncoding RNA, 
lncRNA). FBXO36 and KLHL35 expression levels correlated 
positively with good survival outcome, while LINC00524 
was negatively correlated (Figure 7A). Furthermore, the 
relationship of expression levels and CNVs of the two hub 
protein-coding genes with immune cell infiltration in the 
LUAD microenvironment was analyzed. Partial correlation 
analysis revealed a positive linear association between 
FBXO36 expression level and CD8 T cell infiltrates (P<0.01; 
Figure 7B), while KLHL35 expression was related negatively 
with CD8 T cell and neutrophil infiltrates (P<0.01;  
Figure 7B). Moreover, the immune infiltration levels 
compared with the samples carrying normal copy numbers 
of the signatures, the diverse forms of CNVs in the two 
hub genes commonly inhibited CD8 T cell, CD4 T cell, 
neutrophil, dendritic cell, macrophage, and B cell infiltrates 
(Figure 7C).

Construction and assessment of TMBPI for TP53mut 
LUAD

As the vital immune signatures identified in our study 
were closely related to prognosis of TP53mut patients, 
we constructed a TMBPI through the multivariate Cox 
regression analysis to evaluated the predictive accuracy of 
the three hub TMB-related genes reported earlier. The 
design formulas for the TMBPI was as follows: TMBPI 
=−1.602609 × FBXO36 + -0.236524 × KLHL35 + 0.122749 
× LINC00524. Then, we divided TP53mut patients into 
two TMBPI levels based on the median value as the cut-
off (https://cdn.amegroups.cn/static/public/tcr-21-565-4.
xlsx). The ROC curve of 5-year OS prediction was drawn 
to assess the predictive accuracy, with area under the curve 
(AUC) =0.674 (Figure 7D). Kaplan-Meier analysis showed 
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Figure 4 Differential analysis of gene expression profiles between the two TMB groups and DEG function enrichment. (A) Heatmap showing the top 40 genes with the highest expression variation; sequential color scale of blue to red represents alterations of gene expression. (B, C) Bar and bubble plots showing KEGG and 
GO enrichment analysis, respectively. Circle sizes represent the number of genes in each functional class. The sequential color scale of blue to red represents the alterations of P values. (D) The top TMB-related crosstalk enriched in signaling pathways, i.e., insulin, Notch, ERBB, mTOR, Nod-like receptor, chemokine, JAK-
STAT, Fc epsilon RI, Toll-like receptor, RIG-I-like receptor, B cell receptor, and PPAR (FDR q-value <0.25). DEG, differentially expressed genes; TMB, tumor mutation burden; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology; BP, biological process; CC, cell component; MF, molecular function.
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Figure 5 Comparisons of 22 important immune fractions between the two TMB groups. (A) Bar plot showing the fractions of 22 specific 
immune cells in each sample. (B) Violin plot showing the relationship of TMB levels to the fractions of the 22 immune cells. Green and red 
represent low and high TMB levels, respectively. P<0.05 indicates statistical significance. TMB, tumor mutation burden.
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that patients with higher TMBPI had worse survival 
outcomes, which warrants further investigation and larger 
samples for validation (Figure 7D).

Discussion

TP53 is an ancient tumor suppressor gene identified in 
1990 (3). Recently, there was a research boom for TP53 
mutations due to its close correlation with sensitivity 
to targeted drug therapy and immunotherapy in lung 
cancer. Unlike good sensitivity to immunotherapy, TP53 
mutations can lead to poor response to chemoradiotherapy 
and targeted drug therapy, including EGFR/ALK-TKI as 
the standard first-line therapy for advanced LUAD with 
EGFR/ALK mutations (31,32). Therefore, immunotherapy 
currently appears to be the available effective treatment 
for TP53mut patients. However, the real-world data shows 
that only a fraction of TP53 mutants can obtain persistent 
responses and favorable long-term outcomes form 
immunotherapy (11,12). TP53 mutation is far from an ideal 
independent predictor for the efficacy of immunotherapy. 
Therefore, effective biomarkers combined with detection 
of TP53 mutation for precise prediction of the efficacy of 
immunotherapy require further exploration.

The identification of potential biomarkers not only can 
screen out responders for immunotherapy, but also avoid 
unnecessary costs and severe toxicities for non-responders. 
PD-L1, TMB, and TILs, novel biomarkers for predicting 
immune responses, have demonstrated their efficacy in lung 
cancer (13,15,17,33). Nonetheless, few relevant researches 
have focused on the association of PD-L1, TMB, and TILs 
with their prognostic roles in TP53mut LUAD.

In the present study, landscape analysis of genomic 
alterations in our cohort revealed that SNPs occurred 
more frequently than deletions or insertions. Among 
them, the C>A nucleotide transversion signature was the 
most common SNV in LUAD, which differs from other 
cancers, including renal clear cell carcinoma and cutaneous 
melanoma, where the C>T nucleotide transition signature is 
dominant (30,34). This could be attributed to the long-term 
exposure to tobacco smoke in patients with LUAD (35). 
Moreover, the top mutated signature in TP53mut LUAD 
was TP53 (100%), but was KRAS (30%) in TP53wt patients, 
and TP53 mutation was exclusive to KRAS mutation, with 

different significance. As previous reports have stated 
that LUAD with TP53 or KRAS mutation exhibits better 
immunotherapy response (7), we believe that different 
immune responders have specific genetic backgrounds, 

implying that the mechanisms of patient response to 
immunotherapy are also diverse.

It is well-known that TP53 gene mutations are involved 
in the dysfunction of DNA repair, cell growth, and 
apoptosis, which may lead to higher TMB in TP53mut 
tumors (23,24). In the present research, we examined the 
TMB status in TP53mut LUAD. We discovered that 100% 
of TP53mut patients have diverse mutation types, while only 
86.5% of TP53wt patients had mutations. This agrees with 
the result in Figure 2A, where TP53mut patients have higher 
TMB than TP53wt patients. Moreover, survival analysis of 
TMB values revealed that higher TMB indicated better 
prognosis in TP53mut patients, but not in TP53wt patients. 
These results all indicate that the TMB value is a specific 
prognostic factor for TP53mut patients in LUAD and that 
TP53 mutants are likely treated with immunotherapy. In 
addition, clinicopathological characteristic–related analysis 
showed that TMB levels correlated positively with age and 
male gender, but were not related to AJCC-TNM stage. 
Younger and male patients tended to have higher TMB 
levels and better prognosis, which is opposite to the results 
in several clinical trials that showed that older patients 
tend to be more sensitive to immunotherapy (36,37). The 
potential explanations for these findings in our article needs 
further research. Beyond that, we found that PD-1/PD-L1 
expression was not related to TMB levels and the prognosis 
of TP53mut LUAD, which suggested that PD-1/PD-L1 
expression is not a suitable diagnostic biomarker for TP53mut 
LUAD.

Subsequently, we conducted comparative analysis of 
public gene expression data between the high-TMB and 
low-TMB groups in TP53mut LUAD. Multiple DEGs 
functions were enriched in pathways involving immunity 
regulation and response, suggesting that TMB is a specific 
indicator for human immunity and closely related to the 
prognosis of TP53mut patients. Moreover, the differential 
abundance of 22 immune cells between the two TMB 
groups showed that high TMB had a significant impact 
on CD8 T cell and effector B cell enrichment, while 
resting memory CD4 T cells, monocytes, resting dendritic 
cells, activated dendritic cells, and resting mast cells were 
abundant in the low-TMB group. As infiltration by B 
cells and activated dendritic cells was significantly related 
to survival (P<0.05), their alterations in TIME may be 
responsible for the marked differences in prognosis between 
the two TMB groups. The results imply that TMB levels 
with effector B cell and activated dendritic cell infiltrates is 
a potential biomarker for the prognosis of TP53mut LUAD.
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At present, high cost and complicated technology are 
needed for detecting TMB and immune cell infiltration  
(38-40), and we attempted to build a prognostic model with 
hub TMB-related genes to optimize the detection. We 
identified three hub TMB-related genes from 121 DEGs. 
The diverse forms of their CNVs and their expression 
levels typically affected the immune infiltrates. The 
TMBPI prognostic model was constructed using three hub 
TMB-related genes for predicting prognosis in TP53mut 
LUAD, and patients with higher TMBPI had worse 
survival outcomes. The AUC of this predictive model was 
0.674, and further large-scale researches are required for 
verification and modification before clinical application.

In our study, we not only identified a special prognostic 
biomarker and constructed a prognostic model for TP53mut 
LUAD, but also provided some new insights for better 
understanding of poor prognosis of tumor patients: (I) 
TMB value was only associated with prognosis of patients 
with TP53mut LUAD, suggesting that TMB might be better 
to predict prognosis with coexisting factors of DNA damage 
repair disorder and genome instability, etc. (II) Unlike other 
reports that CD8 T cell was closely related to prognosis 
and immunotherapy, our study revealed effector B cell have 
important prognostic indicating role in TP53mut patients, 
implying that immune regulatory mechanisms were various 
in tumors with different genotypes. (III) PD-1/PD-L1 
expression is an important biomarker for responses of 
patients to ICB therapy based on the most clinical trials, 
but it was not an appropriate prognostic predictor for 
TP53mut patients though TP53 mutation was reported closely 
related to human immunity. Beyond that, our findings also 
provided important reference for possible intervention 
therapy for TP53mut patients with poor prognosis: activation 
of immunity to increase the infiltration of effector B cells in 
TIME. 

However, our study also has limitations that should not 
be disregarded: (I) the association between hub TMB-
related genes and immune infiltrates in TIME lacks further 
verification experiments; (II) the prognostic role of TMB 
and its potential correlation with immune infiltrates lacks 
confirmation via a large clinical sample. Clinically relevant 
variants and large-sample trials are needed in the future.

In summary, higher TMB levels with effector B cell and 
activated dendritic cell infiltrates is a potential biomarker 
of good prognosis in TP53mut LUAD. In addition, the 
prognostic predictive model we constructed indicates that 
higher TMBPI predicts worse survival outcome, which 
warrants further validation.
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