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Background: Stratification of tumors is necessary to achieve better clinical outcomes. Hepatocellular 
carcinoma (HCC) is commonly associated with mutation of the TP53 gene and heterogeneity in immune cell 
content. However, TP53 mutation-associated immunotype of HCC has not been reported yet. This study 
aimed to identify the TP53 mutation-associated immunotype in HCC. 
Methods: The mutation annotation format (MAF) document, mRNA expression data, and clinical data of 
HCC patients were downloaded from the publicly available The Cancer Genome Atlas (TCGA) data portal. 
Data from 332 HCC patients were analyzed in this study. Infiltrating immune cells were evaluated by the 
well-known CIBERSORT method. Additional mutation data of HCC patients were downloaded from the 
Catalogue of Somatic Mutations in Cancer (COSMIC) database.
Results: The TP53 gene harbored the highest frequency of mutations in HCC patients. Consequently, five 
lethal features, including TP53 mutations, were screened by least absolute shrinkage and selector operation 
(LASSO)-COX regression, according to TP53 mutations and 22 infiltrating immune cells. Two distinct 
subgroups of HCC were identified, namely, immunotypes A and B. Furthermore, the expression levels of 
co-inhibitory immune checkpoints were significantly upregulated, and the gene ontology (GO) terms or 
pathways to boost immune responses were found to be inhibited in the immunotype B subgroup compared 
to that in the immunotype A subgroup. Finally, we proved immunotype to be an independent adverse 
prognostic factor that contributed to improvement in the predictive accuracy of the immunotype-based 
model and helped in avoiding excessive medical treatment.
Conclusions: Two distinct immunotypes of HCC, in terms of prognosis, phenotype, and function, were 
identified and the traditional understanding of intratumoralCD8+ T cells was subverted. Moreover, the 
identified immunotypes contributed to improving the predictive accuracy of the immunotype-based model 
and helped in avoiding excessive medical treatment in some HCC patients.
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Introduction

Primary liver cancer, which consists predominantly of 
hepatocellular carcinoma (HCC), is the fifth most common 
type of cancer worldwide and the third most common cause 
of cancer mortality (1). Previously, considerable progress 
has been made in elucidating the molecular pathogenesis of 
HCC. HCC usually develops from chronic inflammatory 
liver disease (e.g., cirrhosis) and is associated with various 
pathogenic factors, such as hepatitis B virus (HBV), alcohol 
abuse, metabolic syndrome, hepatitis C virus (HCV), and 
diabetes. Only a few HCC patients are diagnosed at an 
early stage and are thus responsive to potentially curative 
treatments, such as locoregional procedures (radiofrequency 
ablation) and surgical therapies (resection and liver 
transplantation) (2). However, the HCC patients who are 
diagnosed with progression after locoregional therapy or 
those who are at an advanced stage with dismal prognosis, 
treatment with the front-line multi-tyrosine kinase 
inhibitor, sorafenib, and the second-line, regorafenib, may 
extend survival by 2 years (3). 

In recent years, immune checkpoint inhibitors, which 
can activate the body’s self-immune response to attack 
tumors by blocking the “don’t eat me” label on T cells, have 
shown marked efficacy in different solid cancers, such as 
lung cancer or melanoma (e.g., ipilimumab, fresolimumab, 
pembrolizumab, and nivolumab) (4). Interestingly, although 
the checkpoint blockade strategy can lead to marked clinical 
responses, not all patients or cancer types have the same 
likelihood of responding to these regimens (5). Therefore, 
it is necessary and urgent to identify robust biomarkers 
that can effectively predict the therapy responses to 
checkpoint inhibitors and help in gaining an insight into 
the relationship between tumor subgroup and personalized 
treatment of HCC.

Tumor mutation burden (TMB) is a novel indicator 
for predicting the immune response in various types of 
cancer. Accumulating evidence indicates that tumors with 
high frequency of mutations are more likely to harbor neo-
antigens, which makes them a target of activated immune 
cell attack (6). Mutations of TP53 and CTNNB1 genes are 
involved in the formation of intra-tumor heterogeneity and 
may contribute to treatment failure and drug resistance in 
many cases of HCC (7). However, mutations, especially 
TP53 mutations, play an important role in both tumor 
progression and therapeutic response.

Cytotoxic T lymphocyte (CTL), also known as CD8+ 
T cell, is thought to be related to the immunotherapy 

response. Previous studies suggest that the infiltration 
ratio of intratumoralCD8 + T cells  represents the 
anticancer activity of the tumor, and that the tumors can 
be classified as “cold” and “hot” , based on the number 
of intratumoralCD8+ T cells (8). However, recent studies 
have found that only 10% of the intratumoral CD8+ T 
cells are able to recognize autologous tumors (9), while 
the remaining intratumoralCD8+ T cells may only be 
bystanders that lack anti-tumor reactivity (10). 

Since neither of the two most important indicators is 
ideal, it is appropriate to characterize the immunotype 
subgroup of HCC according to the molecular features 
of intratumoral immune cells. This could provide more 
effective treatment strategies against special subtypes of 
HCC. In this study, we first observed that TP53 was the 
gene harboring the highest frequency of mutations in 
HCC patients, and TP53 mutations were immunogenic. 
Consequently, we aimed to identify TP53 mutation and 
immunocyte-associated lethal features, screened by least 
absolute shrinkage and selector operation (LASSO)-COX 
regression, and then establish TP53 mutation-associated 
immunotype subgroup of HCC, according to the lethal 
features. Moreover, various analyses have been performed 
to reveal the differences in prognosis, phenotype, and 
function between the two subgroups. Finally, a multivariate 
Cox analysis of overall survival (OS) was performed to 
evaluate the differences of hazard ratio (HR) between the 
two subgroups. An immunotype-based model and decision 
curve analysis (DCA) were established to evaluate the 
clinical value of immunotype in HCC patients.

Methods

Study design

As shown in Figure S1, this study was divided into three 
stages: screening of five lethal features, identification of 
TP53 mutation-associated immunotype, and the analysis of 
prognosis, phenotype, and function. First, single nucleotide 
polymorphism (SNP) analysis was performed for the top 
30 genes with high mutation rate in 332 HCC patients, 
according to The Cancer Genome Atlas (TCGA) database, 
and for the top 20 genes with high mutation rate in HCC 
patients, according to the Catalogue of Somatic Mutations 
in Cancer (COSMIC) database. TP53 was confirmed to 
be the gene harboring the highest mutation frequency in 
HCC patients. Next, the data onTP53 mutations were 
integrated with 22 immune cells, which resulted in five 
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lethal features, including TP53 mutations, according to 
LASSO-COX regression. Subsequently, 332 HCC patients 
(combined cohort) were randomly divided into training and 
validation cohorts to confirm the reliability of subsequent 
analysis. The patients in each cohort were divided into 
immunotype A and B subgroups. Finally, prognosis, 
phenotype, and functional analyses were carried out to 
explore the differences between the two subgroups, and 
the immunotype-based model and decision curve analysis 
(DCA) were established to evaluate the clinical value of 
immunotype in HCC patients (11).

Patient population

The mutation annotation format (MAF) document, mRNA 
expression data, and clinical data of HCC patients were 
downloaded from the publicly available TCGA data portal 
(up to June 13, 2018, https://tcga-data.nci.nih.gov). The 
following exclusion criteria were set: (I) patients were not 
diagnosed with HCC; (II) patients were diagnosed with 
HCC but died on the day of surgery; (III) patients had 
missing survival data, TNM stage, or other important 
clinicopathological features. Finally, as shown in Table S1, 
tumor samples from 332 patients were randomly divided 
into a training cohort and validation cohort, while the 
combined cohort consisted of all patients. This study abided 
by the publication guidelines provided by TCGA (12). The 
patient population of the COSMIC database was analyzed 
according to the default system. 

Tumor mutational burden (TMB)

TMB was defined as the number of in-frame, missense, 
and truncating mutations, as well as deep deletion per 
megabase of the genome examined. The exome size was 
estimated as 38 Mb. The MAF files were downloaded from 
the official website of TCGA and used to determine TMB. 
The workflow type used for somatic mutation was the 
SomaticSniper pipeline (6). The mutation data of all genes, 
including TP53, were analyzed according to MAF files. 

Analysis of infiltrating immune cells

The relative fractions of diverse cell subsets were accurately 
calculated by Cell-type Identification By Estimating 
Relative Subsets Of RNA Transcripts (CIBERSORT) 
approach, according to the normalized mRNA expression 
data of 332 HCC patients (13). The following parameters 

were set: perm =100, QN =TRUE [perm is an integer 
number for the number of permutations, and QN is 
a Boolean value (TRUE or FALSE) for performing 
quantile]. Next, the fractions of infiltrating immune cells 
were integrated with TP53 mutation, TMB, and mRNA 
expression data of 332 HCC patients, according to patient 
ID and the corresponding clinical data.

Gene set enrichment analysis (GSEA)

The normalized expression data of all genes were acquired 
for conducting GSEA. GSEA, performed by MSigDB, 
was used to identify the pathways that were significantly 
enriched between the two immunotype subgroups, 
according to the selected signature. The number of random 
sample permutations was defined as 1,000. If a gene set 
had a positive enrichment score, then the set was termed 
“enriched”, which implied that the majority of the genes in 
the set had higher expression, accompanied by a higher risk 
score (14). 

Gene set variation analysis (GSVA)

Pathway analyses were predominantly performed on the 
50 hallmark pathways described in the molecular signature 
database by GSVA package. To reduce pathway overlaps 
and redundancies, each gene set associated with a pathway 
was trimmed to contain only unique genes, while all 
other genes associated with two or more pathways were 
removed. Most gene sets retained >70% of their associated 
genes (15). 

Gene Ontology (GO) classification analysis

All differentially expressed genes, screened under conditions 
of |log2FC| >1 and FDR (adjusted P value) <0.05, were 
subjected to GO classification [GO-BP (biological process), 
GO-CC (cellular component), and GO-MF (molecular 
function)] to assign these genes to relevant GO Terms. R 
package org.Mm.eg.db was used to perform annotation 
and visualization (16). In particular, gene symbols of 
differentially expressed genes were converted to gene 
IDs, and the latter were subsequently used for functional 
enrichment analysis. Five immune-associated GO terms, 
with P values below 0.05, were visualized using bubble 
plots. Details of the genes belonging to particular GO terms 
with their fold change values were presented as circus plots 
using the “GOplot” library (17).
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Expression analysis of mutated alleles and protein domain 
graphs

Expression of the main variants displayed in the oncoprints 
for the 332 HCC samples was determined and the 
frequency of the expressed allele was estimated. GenVisR 
R package was applied to calculate the mutation rate of 
genes and to construct the somatic mutation oncoprint (18). 
Protein domain graphs (PDGs) of the selected mutation 
genes were constructed using the Lollipop plot mutation 
diagram generator in maftools (19).

Pathway analysis

The network of immune-related signaling pathways was 
constructed with ConsensusPathDB, according to the gene 
lists that confirmed to be statistically significant between the 
two immunotype subgroups (20). A hypergeometric test was 
performed to analyze the over-represented pathways, based 
on the imputed gene list in the ConsensusPathDB website. 
The following pathway databases were selected for our 
analysis: Netpath, Humancyc, Inoh, Pid, Biocarta, Kegg, 
Reactome, Wikipathways, Ehmn, and Signalink, Smpdb, 
Pharmgkb. All the immune-related signaling pathways were 
selected and visualized according to the default settings: P 
value cutoff of 0.01 and minimum overlap with the input 
list of 2 (21).

Statistical analysis

Continuous variables were compared using the t-test or 
Wilcoxon rank-sum test, and the comparison of categorical 
variables was evaluated with the Chi-square test or Fisher’s 
exact test. The correlation analysis was carried out by 
Pearson correlation. OS was defined as the period from 
the date of surgery to the date of death (or the last follow-
up). The Cox regression (proportional hazards) model 
was established to perform the univariate and multivariate 
analyses, and the characteristics with statistical difference 
in the univariate analysis were further assessed by the 
multivariate analysis. Survival curves were created using the 
Kaplan-Meier method, and the difference between groups 
was determined by the log-rank analysis. The accuracy of 
the prognostic model was evaluated by Harrell’s index of 
concordance (C-index). P<0.05 was considered statistically 
significant and all significance tests were two-sided (22).

The differential expression between the two subgroups 
was analyzed by “edgeR” package. The identification of up 
or downregulated genes was performed according to the 

following screening criteria: FDR (adjusted P value) <0.05 
and at least 1-fold change. The median value was selected 
as the cutoff between the two groups, except in exceptional 
cases. The missing age of several patients was defaulted 
as 60 years. Nomogram and calibration plot, LASSO-
COX regression, and cluster analysis were analyzed by R 
software package, version 3.4.2 (R Foundation for Statistical 
Computing, Vienna, Austria). Other statistical analyses 
were performed with Stata SE, version 13.0 (Stata, College 
Station, TX) and SPSS, version 20.0 (IBM, Armonk, NY).

Results

TP53 mutations suggested poor prognosis of HCC patients 
and were immunogenic 

The mutational landscape of the top 30 genes in HCC, 
according to TCGA database, (Figure 1A) suggested that 
the TP53 gene harbored the highest frequency of non-
synonymous mutation in HCC patients. The COSMIC 
database also showed the same result (Figure 1B). These 
results reiterated the fact that TP53 mutations play a 
dominant role in mutagenic mechanisms involved in 
cancer etiology. Next, the TNM stage was confirmed to be 
significantly associated with OS of HCC patients (Figure 1C,  
P<0.001). Subsequently, TP53 mutation was found to result 
in a lower expression level of TP53 mRNA (Figure 1D,  
P<0.001) and poorer OS of HCC patients (Figure 1E, 
P=0.021) when compared to TP53 wild type. TMB, a novel 
indicator used to predict the effectiveness of immunotherapy, 
was higher in TP53 mutation group compared to TP53 
wild type group (Figure 1F, P<0.001), thus suggesting that 
there might be some associationbetweenTP53 mutation and 
immune response.

Screening of TP53 mutation and immunocyte-associated 
features and identification of immunotypes

Since TP53 mutation was found to have an association 
with immune response, it was integrated with 22 immune 
cells for screening the lethal features according to LASSO-
COX analysis. As shown in Figure 2, the minimum λ value 
resulted in five non-zero coefficients, viz., TP53 mutation, 
CD8+ T cells, CD4+ memory resting T cells (CD4+ T 
cells), regulatory T cells (Tregs), and M0 Macrophages 
(Macrophages). Subsequently, patients in the combined 
cohort were randomly divided into training (n=166) and 
validation cohorts (n=166) to confirm the reliability of 
subsequent analysis (Table S1). The three cohorts were all 
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Figure 1 TP53 mutation suggested poor prognosis and higher mutation burden of HCC patients. (A) Mutational landscape of the top 
30 frequently mutated genes in HCC according to TCGA database. The top panel shows individual tumor mutation rates for 332 HCC 
patients, including synonymous and non-synonymous mutation. The bottom panel shows top 30 genes with the highest mutation frequency 
in 332 HCC patients, and mutation types are indicated in the legend at the right. (B) The mutation frequency of the top 20 genes in 
hepatocellular carcinoma according to the COSMIC database. (C) Kaplan-Meier survival curves indicated that TNM stage was significantly 
associated with the overall survival rate of HCC patients (P<0.001). (D) The expression of TP53 mRNA was significantly downregulated 
in TP53 mutation group compared with that in the TP53 wild type group (P<0.001). (E) Kaplan-Meier survival curves indicated that TP53 
mutation suggested poor prognosis of HCC patients (P=0.021). (F) TP53 mutation suggested higher mutation burden of HCC patients 
(P<0.001). TCGA, The Cancer Genome Atlas; COSMIC, the Catalogue of Somatic Mutations in Cancer; HCC, hepatocellular carcinoma.
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Figure 2 Screening of lethal features and identification of immunotypes. (A) The lethal features were screen according to the integration 
of 22 immune cells with TP53 mutation by LASSO-COX analysis. Cross-validated error curve used to select optimal λ value according to 
partial likelihood deviance. Dotted vertical lines were produced at the optimal values according to the minimum criteria. (B) A coefficient 
profile plot of 23 parameters was drawn against the log (λ) sequence, and the minimum λ value resulted in 5 nonzero coefficients. 
(C) Clustering heatmap of immunotypes for training cohort (n=166). (D) Kaplan-Meier survival curves indicated that immunotype B 
subgroup was significantly associated with favorable prognosis of HCC patients in the training cohort (P=0.025). (E) Clustering heatmap 
of immunotypes for validation cohort (n=166). (F) HCC patients with immunotype B experienced a shorter OS, compared with those 
with immunotype A in the validation cohort (P=0.002). (G) Clustering heatmap of immunotypes for the combined cohort (n=332). (H) 
Kaplan-Meier curves illustrating OS probability according to immunotypes in combined cohort (P<0.001). OS, overall survival. HCC, 
hepatocellular carcinoma; LASSO-COX, least absolute shrinkage, and selection operator-proportional hazards regression model.
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divided into two subgroups by clustering analysis, based on 
the five lethal features (Figure 2). An interesting observation 
in all the three cohorts was that the OS of HCC patients 
with immunotype B was consistently poorer compared to 
that in patients with immunotype A (P=0.025; P=0.002;  
P=0.001) (Figure 2). 

Phenotypic analysis of immunotype subgroup

To understand the underlying cause of worse prognosis 
of HCC patients with immunotype B subgroup, we 
analyzed the proportion of five lethal parameters and 
carried out an enrichment analysis of immunocyte in the 
two subgroups. The infiltration ratio of CD4+ memory T 
cells was confirmed to be downregulated in immunotype 
B subgroup compared to that in immunotype A subgroup 
(Figure 3, P<0.001). In contrast, the infiltration rates 
of macrophages (Figure 3, P<0.001), Tregs (Figure 3, 
P<0.001), and CD8+ T cells (Figure 3, P<0.001) were clearly 
upregulated in immunotype B subgroup compared to that 
in immunotype A subgroup. These results were confirmed 
by GSEA analysis (Figure 3). The graphical summary of 
correlation among TP53 mutation, immunotype subgroups, 
and lethal immunocyte suggested that TP53 mutation-
associated immunotype B subgroup resulted in lower 
infiltration of CD4+ memory T cells (Figure 3) and higher 
infiltration of macrophages (Figure 3), Tregs (Figure 3), 
and CD8+ T cells (Figure 3). It was consistent with the 
infiltration of CD8+ T cells that, the expression levels of 
interferon gamma (INFγ, Figure 3, P=0.004), granzyme B 
(GZMB, Figure 3, P=0.010) and perforin 1 (PRF1, Figure 3,  
P=0.014) mRNA were significantly upregulated in 
immunotype B subgroup compared with that in immunotype 
A subgroup although a worse prognosis in patients with 
immunotype B subgroup. Undoubtedly, these results changed 
our conventional wisdom about CD8+ T cells.

The location of mutations and protein domains of p53 
(Figure 4) suggested that there were more mutations in the 
DNA-binding domain and tetramerization motif of p53 
in immunotype B subgroup compared to immunotype A 
subgroup. The somatic mutation rate of TP53 was higher 
in immunotype B subgroup (34.94%) compared to that in 
immunotype A subgroup (25.90%). 

Immune checkpoints analysis between immunotype 
subgroups

To understand the underlying mechanism for the apparent 

contradiction between worse prognosis for HCC patients 
and higher infiltration of CD8+ T cells in the immunotype 
B subgroup, we compared the expression levels of the 
major immune checkpoints between the two immunotype 
subgroups. The expression levels of co-inhibitory immune 
checkpoints,  namely PD-1 (programmed death-1,  
Figure 5, P=0.009), CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4, Figure 5, P=0.030), TIM-3 (T cell 
immunoglobulin domain and mucin domain-3, Figure 5, 
P=0.005), LAG-3 (Lymphocyte-activation gene 3, Figure 5,  
P=0.002), CD86 (Figure 5, P=0.025),and Galectin9  
(Figure 5, P=0.019) were significantly upregulated in 
immunotype B subgroup compared to that in immunotype 
A subgroup. The expression level of the immune activator, 
STING (stimulator of interferon genes, Figure 5, P=0.027) 
was significantly downregulated, while the expression level 
of immunosuppression factor, MIF (macrophage migration 
inhibitory factor, Figure 5, P=0.002) was significantly 
upregulated in immunotype B subgroup compared to that in 
immunotype A subgroup. Circos plots of immunoreaction 
related GO terms and corresponding genes suggested that 
the expression of genes belonging to the terms “T cell 
costimulation” and “negative regulation of inflammatory 
response” were downregulated in immunotype B subgroup 
compared to that in immunotype A subgroup, while those 
belonging to the terms “MHC class I protein binding” and 
“negative regulation of T cell proliferation” were upregulated 
(Figure 5). Expectedly, the expression levels of immune 
checkpoints were highly correlated to each other (Figure 5).

Enrichment of functions and signaling pathways in 
immunotype B subgroup

To investigate which functions and signaling pathways 
have changed in immunotype B subgroup compared to 
immunotype A subgroup, we carried out GO analysis 
and GSVA analysis. As shown in Figure 6A, functional 
enrichment analysis of differentially expressed genes 
in immunotype B vs. immunotype A suggested that 
the upregulated GO terms associated with immunity, 
according to upregulated genes (FDR <0.05, log2FC 
=1), mainly included positive regulation of DNA damage 
response, apoptotic process, and signal transduction by 
p53 class mediator, resulting in negative regulation of T 
cell proliferation, cell cycle arrest, and memory. Whereas, 
the downregulated GO terms associated with immunity 
mainly included T cell costimulation, platelet activation, 
inflammatory response, and immunoglobulin subtype. 
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Figure 3 Phenotypic analysis of immunotypes. (A) GSEA analysis showed that down-regulation of CD4+ T cells infiltration was obviously 
enriched in immunotype B subgroup compared with that in immunotype A subgroup. (B) The infiltration of CD4+ memory T cells was 
confirmed to be downregulation in immunotype B subgroup compared with that in immunotype A subgroup. (C) Graphical summary of 
correlation among TP53 mutations, immunotype, and CD4+ memory T. On the contrary, the infiltration rates of macrophages (D,E), Tregs 
(G,H) and CD8+ T cells (J,K) were obviously up-regulated in immunotype B subgroup compared with that in immunotype A subgroup. 
TP53 mutation associated immunotype B results in a higher infiltration rate of macrophage (F), Tregs (I) or CD8+ T cells (L). The 
expression levels of INFγ (M), GZMB (N) and PRF1 (O) mRNA were significantly up-regulated in immunotype B subgroup compared 
with that in immunotype A subgroup. GSEA, Gene Set Enrichment Analysis. Treg, regulatory T cells. INFγ, interferon gamma; GZMB, 
granzyme B; PRF1, perforin 1. 
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Figure 5 A comparative analysis of immune checkpoints. The expression levels of alternative co-inhibitory immune checkpointsPD-1 (A), 
CTLA-4 (B), TIM-3 (C), LAG-3 (D), CD86 (F) and Galectin9 (G) mRNA, as well as immunosuppression factor MIF (E) mRNA, were 
significantly up-regulated in immunotype B subgroup compared with that in immunotype A group. The expression level of STING (H) was 
significantly downregulated in immunotype B subgroup compared with that in immunotype A subgroup. (I) Circos plots of immunoreaction 
related GO terms and corresponding genes was enriched in immunotype B subgroup compared with immunotype A subgroup. (J) 
Correlation of immune checkpoints. PD-1, Programmed cell death 1 (PDCD1). CTLA-4, cytotoxic T-lymphocyte associated protein 4; 
TIM-3, hepatitis A virus cellular receptor 2 (HAVCR2); LAG-3, lymphocyte activating 3; Galectin9, Galectin 9; STING, stimulator of 
interferon genes, also named as transmembrane protein 173; MIF, macrophage migration inhibitory factor.
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Figure 6 Functional enrichment and signal pathway analysis of differentially expressed genes in immunotype B vs. immunotype A subgroup. 
(A) Functional enrichment analysis of differentially expressed genes in immunotype B vs. immunotype A subgroup, and visualization of 
GO term associated with the immunity. Each bubble represented a typical GO term based on semantic similarity clustering. Bubbles 
were colored according to P values and their size indicated the number of GO term. (B) Signaling pathways scored by GSVA activated 
in immunotype B vs. immunotype A subgroup were visualized according to the t values of GSVA score. (C) a network of immune-related 
signaling pathways enriched according to differentially genes in immunotype B vs. immunotype A subgroup. P value cutoff: 0.01; minimum 
overlap with input list: 2.
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According to the expression of gene signatures in hallmark 
pathways, analysis of GSVA (Figure 6B) highlighted 
that most pathways were dramatically altered between 
immunotype B and immunotype A subgroups, which further 
confirmed that the two subgroups were completely different 
subsets. Myc targets were the top enriched signature in 
upregulated pathways, while the epithelial-mesenchymal 
transition was the top enriched signature in downregulated 
pathways. A network of immune-related signaling pathways 
was graphically presented, based on the differentially 
expressed genes between the two immunotype subgroups. 
As shown in Figure 6C, the signaling pathways associated 
with inflammation, immune responses, or DNA damage 
response were found to play a dominant role in the network. 

Multivariate Cox analysis of overall survival and 
nomogram prediction of clinical outcomes for patients with 
hepatocellular carcinoma

To further analyze the possibility of immunotype as a 
potential independent prognostic factor for HCC patients, 
univariate and multivariate Cox analyses were successively 
performed. As shown in Table S2, immunotype was found 
to be negatively associated with OS, according to univariate 
Cox analysis (P<0.001). Additionally, the TNM stage 
was significantly associated with OS of HCC patients. In 
contrast, age, gender, race, and pathology grade were not 
correlated with OS. Subsequently, immunotype and TNM 
stage were incorporated into the multivariate Cox analysis 
for the three cohorts (Figure 7A). Immunotype and TNM 
stage were confirmed to be independent hazard markers for 
OS in the validation cohort and combined cohort. Although 
there was no significant association between immunotype 
and OS, immunotype B subgroup was also confirmed to be 
a risk factor in the training cohort. 

A newly built nomogram model via integration of 
the traditional risk factors mentioned above, including 
immunotype, was established to predict postoperative 
survival of HCC patients, and named as “immunotype-based 
model”. As demonstrated in Figure 7B, total points were 
used to assess the cumulative risk level of every risk factor. 
The higher the total point, the shorter was the OS of HCC 
patients. The predictive accuracies of the immunotype-
based model and TNM stage were evaluated by C-index 
(Harrell’s concordance index). As shown in Table S3, the 
C-index of TNM stage for 3-year OS was 0.614, and 
the C-index of the immunotype-based model was 0.658. 
Similarly, the C-index of TNM stage for 5-year OS was 

0.613, while the C-index of the immunotype-based model 
for 5-year OS was 0.656. These results indicated that the 
predictive accuracy of the immunotype-based model was 
better than that of TNM stage for OS of HCC patients.

A net decision curve was used to perform the OS 
predictions (Figure 7C). Compared to TNM stage alone, the 
combined analysis of TNM stage and immunotype clearly 
benefited those patients with a survival probability of less 
than 42% or more than 60%. For instance, if the survival 
probability of 35% was used as a threshold, the net benefit 
of the combined model was approximately 0.23, which 
was superior to 0.19 for TNM stage. Similarly, the net 
reduction analyses (Figure 7D) demonstrated that the model 
based on TNM stage and immunotype could avoid more 
interventions of survival prediction for those patients with 
a survival probability of about less than 42% or more than 
60%. Therefore, the immunotype-based model was not 
only accurate but also had practical superiority compared to 
the TNM stage.

Discussion

In this study, it was shown that the TP53gene harbored 
the highest frequency of mutations and these mutations 
were immunogenic in HCC patients. Subsequently, five 
lethal features, including TP53 mutations, were screened 
by LASSO-COX regression according to TP53 mutations 
and 22 infiltrating immune cells. Consequently, two distinct 
subgroups of HCC were identified, based on the previous 
five lethal features. TP53 mutation-associated immunotype 
B subgroup had poor prognosis, lower infiltration of CD4+ 
memory cells and higher infiltration of macrophage, Tregs 
and CD8+ T cells as well as a higher rate of TP53 mutations. 
Furthermore, the expression levels of co-inhibitory immune 
checkpoints were significantly upregulated, while the 
GO terms or pathways to boost immune responses were 
inhibited in immunotype B subgroup compared to that in 
immunotype A subgroup. Finally, the immunotype was 
proved to be an independent adverse prognostic factor 
contributing to improvement in predictive accuracy of the 
immunotype-based model and avoiding excessive medical 
treatment of some HCC patients (Figure 8).

TP53 mutations are one of the most frequent alterations 
in human cancers. These mutations have been integrated 
into the International Agency for Research on Cancer 
TP53 database (http://www-p53.iarc.fr/) (23). Interestingly, 
single-base substitutions distributed throughout the coding 
sequence are the most common form of TP53mutation, 

http://www-p53.iarc.fr/
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however, diverse types and positions of the mutations may 
represent diverse mutagenic mechanisms involved in cancer 
etiology (24). Mutations in the TP53 gene can give rise 
to genetic instability and lead to cancer progression. This 

is because TP53 mutations abrogate the functions of the 
p53 protein, such as gene transcription, DNA synthesis 
and repair, cell cycle arrest, senescence, and apoptosis, and 
the key responder to oxidative and nitrosative stress (25). 

Figure 7 Multivariate Cox analysis of overall survival and nomogram prediction of clinical outcomes for patients with hepatocellular 
carcinoma. (A) Independent prognostic factors for OS in three cohorts were identified and demonstrated according to multivariate analysis. 
P value was calculated by the log-rank test. (B) Nomogram for predicting OS integrating with age (continuous variable), gender (male/
female), race (White/non-White/no reported), immunotype (immunotype B/immunotype A), Grade (Grade 1/Grade 2/Grade 3/Grade 4), 
and TNM stage (I/II/III/IV). (C) Net decision curve analyses for OS predictions. The assumptions that all patients will be alive and that no 
patients will be dead are represented by green and black lines, respectively. The blue line indicates the net benefit of TNM stage, and the 
red line indicates the net benefit of using the model based on TNM stage and immunotype. (D) Net reduction analyses demonstrate how 
many patients the interference of survival prediction could be avoided with TNM stage (red line) or the model based on TNM stage and 
immunotype (red line). OS, overall survival.
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Recent accumulating evidence suggests thatTP53mutations 
are immunogenic in epithel ial  cancer (26).  TP53 
mutation significantly increases the expression of immune 
checkpoints, activates effector T cells and interferon-γ 
signature, and may serve as a potential predictive factor 
in guiding anti-PD-1/PD-L1 immunotherapy in lung 
adenocarcinoma (27). The miR-1246-enriched exosomes, 
shed by colon cancer cells harboring TP53 mutants, 
are uptaken by neighboring macrophages which then 
triggersmiR-1246-dependent reprogramming into a 
cancer-promoting state and favors anti-inflammatory 
immunosuppression with increased activity of TGF-β (28). 
Herein, we found that TP53 mutants suggested higher 
mutation burden of HCC patients (Figure 1F) and more 
enrichment of the immunotype B subtype, named as 
TP53 mutation-associated immunotype B subtype (Figure 
2C,E,G; Figure 4B). Moreover, TP53 mutation-associated 
immunotype B subtype resulted in more infiltration of 
Treg, macrophage, and CD8+ T cells (Figure 3F,I,L) as well 
as more adverse prognosis (Figure 2D,F,H). These results 

were consistent with findings from previous studies.
The stratification of tumors is paramount to achieve 

better clinical outcomes. Inactivation of CDK12was 
reported to result in a distinct immunological phenotype 
in patients with advanced prostate cancer (29). The 
mesenchymal-like type, including diffuse-subtype tumors 
with the worst prognosis, has the highest recurrence 
frequency (63%) among the four subtypes, based on 
disease progression, molecular alterations, and prognosis of 
patients with gastric cancer, and tends to occur at an earlier 
age (30). A novel genomic subtype with TP53 and SETDB1 
mutations and extensive loss of heterozygosity and strong 
expression of the immune-checkpoint gene VISTA, is 
defined according to the comprehensive integrated genomic 
study of 74 malignant pleural mesotheliomas (MPMs) (31). 
However, although at a cursory glance, the complexity of 
classification might be increased because of this subdivision 
of organ-specific cancers, further analysis suggests that the 
subtypes detected in the various malignancies are recurring. 
For example, nearly all subtypes of gastrointestinal cancers 
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Figure 8 Schematic overview of TP53 mutation associated-immunotype. Stratification of tumors is paramount to achieve better clinical 
outcomes. Herein, we firstly found that TP53 mutations were immunogenic, and then identified two distinct immunotypes of HCC in terms 
of prognosis, phenotype, and function in HCC patients. Furthermore, the immunotypes contributed to improving the predictive accuracy 
and avoiding excessive medical treatment of some HCC patients. 
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are characterized with extensive immune infiltration, 
mesenchymal gene expression signatures, or metabolic 
dysregulation (32). In this study, we identified two distinct 
immune subtypes with different prognosis (Figure 2), 
different proportion of immune cells (Figure 3), different 
probability of TP53 mutations (Figure 4), and different 
functions (Figures 5,6). These results may contribute in 
providing different therapeutic strategies for the two 
distinct immune subtypes. It has been widely reported that 
higher the proportion of intratumoralCD8+T infiltration, 
the better is the prognosis of the patients. However, in our 
study we obtained contradictory results. The infiltration 
ratio of CD8+T cells was significantly higher in immunotype 
B subgroup than that in immunotype A subgroup (Figure 3). 
Yet, the patients in immunotype B subgroup had a shorter 
survival compared to patients in immunotype A subgroup 
(Figure 2). This observation subverted the traditional 
understanding of intratumoral CD8+ T cells. The reasons 
underlying this phenomenon may lie in immunotype of the 
tumor and should be determined by multiple omics analyses 
rather than solely determining the infiltration proportion 
of immune cells (32,33). Further, the CD8+ T cells may 
have many different subsets, such as naive, exhausted, and 
effector CD8+ T cells (34).

The most promising approach to activate therapeutic 
antitumor immunity is the blockade of immune checkpoints (35).  
Overexpressing the ligands of checkpoint receptors on 
tumor cells or adjacent cells results in T-cell exhaustion and 
immune tolerance (36). Accumulating evidence suggests 
that blockade of cytotoxic T-lymphocyte-associated antigen 
4 (CTLA4) or programmed cell death-1 (PD-1) pathway 
significantly inhibits tumor growth and improves the 
survival of patients (37). However, differences have been 
observed with respect to patient’s response to PD-1/PD-L1  
blockade treatment strategy. While some patients have 
achieved significant results, for others, this strategy has 
proved to be ineffective (38). PD-1/PD-L1 immunotherapy 
is ineffective in some cancer patients, and the most 
important reason for this is the presence of a large number 
of “Bystander” CD8+ T cells (about 90%) without killing 
capability in human tumor tissues (9,10). In this study, we 
found that although the infiltration ratio of intratumoral 
CD8+ T cells (Figure 3J,K,L) and the expression levels 
of cytotoxic effector factors (Figure 3M,N,O) were 
significantly higher in immunotype B subgroup than that 
in immunotype A subgroup. Expectedly, the expression 
levels of immune checkpoints (Figure 5) were significantly 
upregulated and the functions and pathways associated with 

immune response (Figure 6) were evidently inhibited in 
the immunotype B subgroup. Moreover, the OS of HCC 
patients (Figure 2) was significantly shorter in immunotype 
B subgroup compared to immunotype A subgroup. 
Therefore, these results suggest that tumors should not 
be simply distinguished as “cold” and “hot” based on the 
number of infiltrating CD8+T cells in the tumor. More 
importantly, it is important to estimate whether the TCR of 
infiltrating CD8+T cells can recognize the tumor.

The molecular subtype of HER2 and ER, as a stronger 
predictor, contributes to building a nomogram to calculate 
the probability of sentinel node positivity in breast 
carcinoma (39). In this study, immunotype and TNM 
stage were all found to be clearly associated with OS of 
HCC patients, based on the results from the univariate 
Cox analysis (Table S2), and were also proved to be 
independent adverse prognostic factors for OS (Figure 7A).  
The immunotype-based model was not only accurate 
but also had practical superiority compared to the TNM 
stage (Figure 7B,C,D, Table S3). Our data suggested that 
TP53 mutation-associated immunotype could serve as an 
independent risk factor and contribute to improvement of 
predictive accuracy and avoid excessive medical treatment 
of some HCC patients. It is important to note that several 
conventional factors were incorporated into the nomogram 
model, although there was no significant association 
between them and OS.

Although this study successfully analyzed the prognosis, 
phenotype, and function of TP53 mutation-associated 
immunotype for HCC patients, it had a few limitations. 
In future, the molecular mechanisms of immune evasion 
in TP53 mutation-associated immunotype B subgroup 
of HCC patients should be confirmed further through 
several basic experiments. Additionally, a more detailed 
subgroup clustering should be performed such that 
the curve of the immunotype-based model is plotted 
absolutely above the curve of TNM stage. Further, a well-
designed, multicenter clinical trial is required to validate 
the independent prognostic value of immunotype-based 
nomogram model and potential guiding significance for 
adjuvant chemotherapy and immunotherapy. Clearly, HCC 
etiology, such as Hepatitis B virus (HBV), hepatitis C virus 
(HCV), alcohol consumption, and diabetes mellitus are 
important factors affecting the divide-and-conquer strategy 
of HCC (40). For example, anti-HBV treatment should be 
consistently carried out for patients with HBV-associated 
HCC, even after radical resection of HCC. Although we 
did not incorporate it into our study due to incomplete or 
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missing clinical data, in the future, it should be incorporated 
into the subgroup analysis as far as possible.

In summary, we identified two distinct subgroups of 
HCC in terms of prognosis, phenotype, and function. 
The immunotype contributed to improving the predictive 
accuracy of the immunotype-based model for HCC patients 
and avoiding excessive medical treatment of those patients 
with a survival probability of less than 42%, or more than 
60%. Therefore, TP53 mutation-associated immunotype 
is paramount to achieve better clinical outcomes and 
might have crucial implications for the postoperative 
personalized follow-up and decision-making during further 
individualized treatment.
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