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INTRODUCTION  
 

Hepatocellular carcinoma (HCC) is the third most 

common digestive cancer in global incidence and 

mortality, ranks the fourth highest among all tumors. 

Rates of both incidence and mortality in men are 2 to 3 

times higher than women, and the mortality of HCC 

ranks second only to that of lung cancer among men 

[1]. Although the pace of increase in women has 
slowed from previous years, incidence in men has 

continued to grow at a rate of 2% to 3% annually for 

the past decade [2]. Main risk factors for HCC are 

chronic infection with hepatitis B virus (HBV) or 

hepatitis C virus (HCV), alcohol consumption, 

aflatoxin-contaminated foodstuffs, smoking, obesity 

and type 2 diabetes [3]. Many HCC patients were 

diagnosed with advanced stage because of mild 

symptoms in the early stages. Treatment of HCC 

mainly includes surgical resection, radiofrequency 

ablation, liver transplantation, radiotherapy, trans-

catheter arterial chemoembolization (TACE) and 
targeted therapy [4]. In the past few years, immune 

checkpoint inhibitors (ICIs) was considered to be  

one of the most promising treatments in cancer 
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ABSTRACT 
 

Tumor mutation burden (TMB) has been associated with prognosis in various malignancies, but it has yet to be 
elucidated in hepatocellular carcinoma (HCC). We aimed to investigate the prognostic effects of TMB and its 
relationship with immune infiltration  through multiple databases and whole-exome sequencing, so as to 
establish a panel model capable of predicting prognosis. The results demonstrated that the prognosis of high 
TMB group was worse than that of low TMB group, with a cutoff TMB value of 4.9. Enrichment analysis 
demonstrated that differentially expressed genes were mainly related to T cell activation, cell membrane 
localization and matrix composition. Tumor immune infiltration  analysis revealed the infiltrations of Th2, Th17, 
and Tgd were up-regulated in high TMB group, while those of Tr1, MAIT, and DC were up-regulated in low TMB 
group. TMB-Infiltration  model fit  well with the actual survival observation, with a C-index 0.785 (0.700-0.870), 
which verified in ICGC-LIRI-JP was 0.650 (0.553-0.747). Additionally, these screened immune genes performed 
well in predicting tumor vascular invasion with a C-index of 0.847 (0.778-0.916). Overall, these results indicated 
that patients with high mutation frequency of immune-related genes and high TMB were prone to have worse 
prognosis and relapse after radical treatment. 
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immunotherapy. Several clinical trials of programmed 

death-1/programmed death-ligand 1 (PD-1/PD-L1) 

inhibitors in HCC have been conducted to show 

patient benefit [5, 6]. Tumor mutation burden (TMB) 

is one of the popular biomarkers for predicting the 

efficacy of PD-1 inhibitors. Previously studies 

demonstrated a correlation between high TMB and 

clinical benefits of PD-1 inhibitors in lung cancer [7]. 

HCC has a higher tumor mutation load than the 

average for other solid tumors [8]. In immunotherapy 

for most tumors, overall survival (OS) was 

significantly longer in patients with high TMB than in 

those with low TMB, showing a median overall 

survival difference of approximately 40% [9]. In the 

2019 guidelines for non-small cell lung cancer 

(NSCLC), a new item of TMB was added to identify 

lung cancer patients who were eligible for dual 

immunotherapy with " Nivolumab plus Ipilimumab" 

and "Nivolumab" single-drug immunotherapy [10, 11]. 

However, the role of TMB in immunotherapy of HCC 

remained unclear. 

 

Immunotherapy is aimed to arouse and strengthen the 

body's immune system to kill the tumor cells through 

various methods [12]. In this case, the higher TMB, the 

more personality of the tumor is different from normal 

tissue, and the easier it is to be the target of immune 

cells, so the more likely it is theoretically to response to 

immunotherapy [13]. Surrounding tissues, immune 

cells, blood vessels and extracellular matrix together 

constitute the tumor microenvironment, which is the 

"fertile soil" to help the tumor expand and invade faster 

[14]. Immune cells involved in tumor development are 

diverse and highly heterogeneous. Complex and subtle 

relationship between different types of immune 

infiltrating cells and cell receptors often related to 

vascular invasion and tumor escape [15]. Previous 

studies have shown CD8+ T cells that express different 

levels of PD-1 are enriched in HCC tissues [16]. A 

study of 5,000 T-cell sequencing data has described the 

landscape of infiltrating T cells in HCC, showing that 

large numbers of dysfunctional, killing T cells and 

inhibiting T cells clustered in tumor tissues [17]. In 

addition, depleted T cells may further potentially evolve 

into inhibitory T cells.  

 

Vascular invasion (VI) has been widely demonstrated to 

be closely associated with poor prognosis in patients 

with HCC after surgery resection [18, 19]. Even in 

tumors of same stages receiving the same treatment, the 

prognosis is still different [20], attributing it to the 

biological behavior of the tumor. Microvascular 

invasion (MVI) prior VI and VI has attracted more 
attention, which proved to be high risk factor for early 

recurrence of HCC after operation [21]. Previous 

studies have indicated that HCC with microvascular 

invasion are needed to be comprehensively evaluated 

for a wider ablation margin and should be considered as 

a candidate for liver transplantation more cautiously 

[20, 22]. However, even accepting radical resection, 

almost half of the patients relapsed within 3 years [23]. 

At present, few studies have been conducted on the 

relationship between VI and infiltrating immune cells, 

nor on the relationship between recurrence and TMB in 

HCC.  

 

By analogy with other tumor clinical findings, TMB 

does play a potential role in HCC-related immunity. But 

there is still lack of evidences on the relationship 

between HCC and TMB currently. The aim of our study 

is to explore the differences of immune infiltrating cells 

at different TMB levels, identify related genes and 

construct prognostic panels. Additionally, we hope to 

further explore the potential role of TMB in vascular 

invasion and HCC recurrence. 

 

RESULTS 
 

Characteristics of included patients and landscape of 

mutation profiles in HCC 

 

Detailed characteristics of patients in the low TMB and 

high TMB group were presented in Table 1. There was 

a significant difference in TMB level between the two 

independent sets (P < 0.01). After matching with 

propensity score, composition of pathology grade was 

basically similar (P = 0.63). As for gender and age, 

there was no paramount difference between the two 

groups (P=0.23, P=0.61). It can be seen that age > 60 

and male had sufficient advantages in the proportion of 

population, especially in the high TMB group (67.57%, 

72.97%). Notably, a considerable proportion of people 

in high TMB group were infected with the virus 

(40.54% vs 10.81%, including HBV and HCV 

infection), suggesting that influence of potential virus 

DNA integration. No significant differences could be 

found in alcohol consumption and family history of 

cancer in our study cohort (P = 0.80, P = 0.76). 72.97% 

of patients in the high TMB group were in stage III -IV 

of TNM staging, and accounted for the majority of 

patients in ACJJ-T staging (72.97%), compared to 

patients in low TMB group (67.57%). 

 

Somatic mutation profiles with VCF format were 

visualized after propensity score matching (PSM) and 

X-tile analysis (Figure 1A, Supplementary Figure 1). 

Genetic information for the Top 20 cumulative 

mutations were TP53, TTN, MUC16, CTNNB1, PCLO, 

HMCN1, OBSCN, ALB, LRP1, MUC4, RYR2, SPTA1, 

SYNE1, AHNAK2, ARID1A, CSMD3, DNAH2, DNAH5, 
PTPRQ and WDR87. C>T was the most common single 

nucleotide mutation (SNV) in HCC (Figure 1B). Base 
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Table 1. Clinical baseline of HCC patients screened in the TCGA cohort study. 

Characteristics Low TMB, n=37(%) High TMB, n=37(%) P value 

Age    

>60 20(54.05%) 25(67.57%) 0.23 

<60 17(45.95%) 12(32.43%)  

Gender    

Male 25(67.57%) 27(72.97%) 0.61 

Female 12(32.43%) 10(27.03%)  

Viral infection    

Positive 4(10.81%) 15(40.54%) 0.00 

Negative 33(89.19%) 22(59.46%)  

Alcohol consumption    

Yes 12(32.43%) 11(29.73%) 0.80 

No 25(67.57%) 26(70.27%)  

Family history    

Yes 7(18.92%) 6(16.22%) 0.76 

No 30(81.08%) 31(83.78%)  

Pathology grade    

G1/G2 25(67.57%) 23(62.16%) 0.63 

G3/G4 12(32.43%) 14(37.84%)  

TNM Stage    

Stage I and II 12(32.43%) 10(27.03%) 0.61 

Stage III and IV 25(67.57%) 27(72.97%)  

AJCC-T    

T1-T2 13(35.14%) 10(27.03%) 0.45 

T3-T4 24(64.86%) 27(72.97%)  

TMB level 3.12(1.24) 6.88(1.82) 0.00 

Abbreviation: TMB, tumor mutation burden; AJCC, American Joint Committee on Cancer. 

 

changes in each sample and top 10 mutated genes in 

HCC were summarized in Figure 1E, and the frequency 

of single nucleotide polymorphism (SNP) was higher 

than insertion (INS) or deletion (DEL). Consistent and 

exclusive association among the mutant genes were 

shown in Figure 1D, where green represented the co-

occurrence relationship and brown represented the 

exclusion relationship. Figure 1C showed the ranking 

TMB of HCC among all tumors included in TCGA, 

which was above average. 

 

All 8 patients followed up were male patients with 

chronic hepatitis B (CHB), and Barcelona Clinic Liver 

Cancer (BCLC) grades were in A~B. Child-Pugh score 

ranged from 5 to 7, which indicated these patients who 

received radiofrequency ablations were in good 

condition. P7 and P11 suffered from recurrence during 

follow-up, and the lesions were more numerous than 

before. Clinicopathologic characteristics of the 

patients were summarized in Supplementary Table 1. 

Whole-exome sequencing (WES) was applied to the 

HCC tissues and adjacent normal tissues. Genetic 

information for the Top 100 cumulative mutations in 

each sample were showed in Figure 2A. The frequency 

of SNP was higher than insertion or deletion, and C>A 

was the more common in these patients (Figure 2B). 

Time points of P7 and P11 recurrence were shown in 

Figure 2C, and they were accompanied with higher 

TMB and more mutations in TMB infiltration (TMB-

IF) model (Figure 2D). 
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Differential abundance of infiltrating immune cells 

in low- and high- TMB group  

 

ImmuneCellAI was adopted to estimate the immune 

infiltration between low- and high- TMB group. 

Percentage normalized stack graph showed that immune 

infiltration scores of the two groups were similar 

(Figure 3A). Top 10 immune infiltration scores in  

low TMB group were Macrophage (58.72%),  

DC (38.57%), Th17 (38.09%), MAIT (36.80%), Tc 

 

 
 

Figure 1. Landscape of mutation profiles in involved hepatocellular carcinoma tissue samples. (A) Mutation information of top 

20 genes in each sample. Different colors and notes at the bottom represented types of mutations. (B) Overall distribution of the six different 
base substitution mutation frequency (above) and conversion ratio in each sample (below). (C) Tumor mutational burden ranking of HCC 
among all tumors in the Cancer Genome Atlas. (D) Co-occurrence associations across top 25 mutated genes. (E) Summary of the mutation 
information in all HCC tissue. TMB, tumor mutational burden; SNP, single nucleotide polymorphism; SNV, single nucleotide variants. HCC, 
hepatocellular carcinoma. 
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Figure 2. Landscape of mutation profiles of 8 followed-up HCC patients with recurrence risk. (A) Mutation information of Top 100 

genes in each sample. Different colors and notes at the bottom represented types of mutations. (B) Summary of variant classification, variant 
type and SNV class information. (C) Time points of the recurrence of P7 and P11, and the location of the lesions. (D) TMB distribution of each 
patients and somatic mutation in immune-related genes among these HCC patients. TMB, tumor mutational burden; IF, Infiltration. 
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(34.45%), Th2 (33.77%), iTreg (30.64%), CD8_T cell 

(29.25%) and NK (25.87%), respectively. Meanwhile, 

in the high TMB group, the top 10 immune cells were 

Macrophage (54.40%), MAIT (32.83%), Th17 

(51.48%), Tc (37.17%), Th2 (27.98%), iTreg (31.17%), 

DC (30.24%), NK (29.48%), Neutrophil (32.51%), and 

CD8_T cell (32.49%), respectively. Percentage table of 

all immune scores could be found in Supplementary 

Table 2. 

 

Figure 3B showed the immune cells with different 

infiltration in the two groups, including Tr1 (P = 0.02), 

Th2 (P = 0.03), Th17 (P = 0.02), MAIT (P = 0.05), DC 

(P = 0.02) and Tgd (P = 0.04). Th2, Th17 and Tgd 

showed higher immune infiltration scores in the high 

TMB group, while Tr1, MAIT and DC were higher in 

the low TMB group. The differences of the remaining 

14 types of immune cells were all displayed in 

Supplementary Figure 2A, but they were not significant. 

To further screen out immune cells with potential 

impact on the survival of patients, Kaplan-Meier 

survival curves of all immune cells were plotted based 

on the median infiltration fraction. And the final 

potential immune cells were: CD8_T cell (P=0.03), B 

cell (P= 0.05) and Tfh (P= 0.02) (Figure 3C). Kaplan-

Meier survival curves of the remaining 20 meaningless 

immune cells were shown in Supplementary Figure 2B.  

 

Comparison of gene expression profiles and 

functional pathways analysis between low- and high- 

TMB groups 

 

All the differentially expressed genes (DEGs) were 

listed in Supplementary Table 3, from which it can be 

seen that the expression of most genes was down-

regulated with the increase of TMB. Subsequently, we 

conducted GO enrichment analysis for all of them 

(Figure 4C). In the part of Biological Process (BP), 

there were obvious enrichment in the terms of T cell 

activation and regulation of lymphocyte activation. 

Other items with potential critical roles included 

regulation of cell-cell differentiation, positive regulation 

of cell differentiation, and regulation of response to 

cytokine stimulus. In the cellular component (CC) part, 

DEGs were mostly enriched in terms related to cell 

membrane, such as membrane raft, plasma membrane 

raft, membrane microdomain, and cell substrata 

adhesives junction. In Molecular Function (MF), the 

most enriched terms were the cell adhesion molecule 

binding, followed by the extracellular matrix structural 

constituent, cytokine receptor binding and the 

glycosaminoglycan binding.  

 
KEGG pathway analysis showed that DEGs play an 

important role in the TNF signaling pathway, which 

was often required for activated monocytes or 

macrophage cells to kill or inhibit tumor cells (Figure 

4D). Meanwhile, PPI network of DEGs was 

constructed, and the 10 hub genes were screened out: 

PTPRC, CYBB, CTSS, LCP2, FYB, VCAM1, SYK, 

CSF2RB, TLR5 and IL1B (Figure 4A, 4B). Expression 

levels of hub genes in each patient were shown by 

heatmap (Figure 4E). The red part of the figure 

represents high expression, composed of patients with 

low TMB. 

 

Identification of immune-related genes modules and 

associations of overall survival 

 

All the immunocytes with different infiltration and 

those with potential influence on survival were 

included in weighted gene co-expression network 

analysis (WGCNA) analysis as immune traits. Then, 

the correlation matrix of 10 modules of different 

colors and 10 immune traits with potential influence 

on prognosis was established (Figure 5A). Macrophage, 

DC, MAIT and Infiltration Score were well correlated 

with the genes in the blue module (r=0.62, 0.62, 0.59, 

0.68; P < 0.05). Genes screened from the blue module 

were shown in Figure 5B, and the remaining modules 

such as red, green, pink and magenta were all 

exhibited in Supplementary Figure 3. Names of the 

gene symbol screened from all the modules and their 

correlation P values were listed in Supplementary 

Table 4. The best soft Power selected in this study  

was 13, and relevant pictures was showed in 

Supplementary Figure 4. 

 

After selection of the genes with good correlation in 

WCGNA, multivariate Cox regression were performed 

to screen variables using both the forward and backward 

likelihood ratio method. 15 genes with statistical 

significance were screened out: DCN, EVI2A, FPR3, 
DSE, FYB1, P2RY13, CSF2RB, GEM, PMP22, 

SLC9A9, CTSS, CYBB, VCAM1, DOCK8 and SYK (all P 

< 0.05) (Figure 5C), which constituted the final TMB-IF 

panel model. 

 

Construction and assessment of TMB-IF for HCC  

 

Patients were segmented to the high- and low- risk 

groups according to the increased risk score (Figure 

6A). Kaplan-Meier survival analysis was re-conducted 

with the novel panel, and the results showed a good 

differentiation for patients (P<0.01) (Figure 6B). The 

formula for calculation was as follows: h(t)= ho(t) exp 
(-6.7677CSF2RB - 0.0342CTSS + 0.6675CYBB - 

0.2761DCN - 0.7192DOCK8 - 7.4889DSE - 2.2454 

EVI2A + 0.8198FPR3 + 1.6468FYB1 + 1.2762GEM + 
2.2861P2RY13+0.4223PMP22 + 0.2963SLC9A9 - 

0.5453SYK + 0.0848VCAM1). To determine the 

predictive accuracy of the TMB-IF, receiver operating 
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Figure 3. Infiltrating immune cells between different TMB groups and the effect on overall survival. (A) 24 types of infiltrating 

cells estimated by ImmuneCellAI. Different colors represent different types of immune cells, and the column length has been normalized by 
percentage. (B) 6 kinds of immune cells with significant infiltration in different TMB groups, and 3 others may affect the survival and 
prognosis of patients. (C) KaplanςMeier survival analysis identified 4 types of immune cells that may affect the survival status. MAIT, Mucosal 
associated invariant T cells; Tc, cytotoxic T cells; Tex, exhausted T cells; Tr1, type 1 regulatory cells; nTreg, Natural regulatory T cells; iTreg, 
Induced regulatory T cells; Th1, Type 1 T helper cells; Th2, Type 2 T helper cells; Th17, Type 17 T helper cells; Tfh, Follicular helper T cells; 
Tcm, Central memory T cells; Tem, Effector memory T cells; NKT, Natural killer T cells; MAIT, Mucosal-associated invariant T cells; DC, 
Dendritic cells; Tgd, Gamma-delta T cells; TMB, tumor mutational burden; Low_ IF, low Infiltrating; High_ IF, high Infiltrating. 


