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Background: Immunotherapy combined with VEGF inhibitor has become the new first-line 
therapy for advanced or metastatic hepatocellular carcinoma (HCC). However, the biomarkers for 
response and prognosis stratification of HCC first-line combined immunotherapy have not been 
clarified.
Methods: Here, we obtained the genomic alteration data from pre-therapeutic samples of 103 
HCC patients using a 605-gene NGS test, and obtained the transcriptional and T cell receptor 
(TCR) diversity data from 18 patients who underwent the first-line combined immunotherapy 
using RNAseq and TCR sequencing, respectively. Patients received sorafenib/sintilimab or lenva-
tinib/sintilimab combined first-line therapy and the response was assessed at 3–6 cycles of therapy.
Results: No stratification of response was found in high-frequency key driver gene muta-
tions, including TP53 and TERT. However, significantly higher ratio of progression (PD) was 
found in patients carrying MDM4 amplification. Similarly, FGF/3/4/19 amplifications could 
also result in high ratio of PD. The mRNA and lncRNA levels of eight genes related to 
hepatic metabolism and immune microenvironment exhibited significant differences between 
PR/SD and PD group, including DGKI, TNFSF14, CHST4, ACTIN1, PFKP, SLC51B, LCK 
and ERN1, suggesting stratification of response. Furthermore, moderate correlation was 
identified between the stratification genes (CHST4, SLC51B and ERN1) and immune factors 
(TIGIT, CD34, ICAM1, CCL5, CXCL9 and CXCL10), suggesting potential roles of these 
factors in immunoregulation. Strong linear correlation was found between any two of the 
three indexes for TCR CDR3 diversity, including Shannon–Wiener Index, Simpson index 
and evenness. However, no significant difference was found in the three indexes between the 
PR/SD and PD group, suggesting no stratification of response by these indexes.
Conclusion: We identified several potential biomarkers for response stratification in the 
first-line combined immunotherapy. MDM4 was capable of predicting disease progression, 
and a panel mRNA and lncRNA of eight genes may also predict the response. Further 
validation is needed to verify these biomarkers.
Keywords: hepatocellular carcinoma, HCC, immunotherapy, mRNA, lncRNA, TCR, 
sintilimab, sorafenib, lenvatinib

Introduction
Hepatocellular carcinoma (HCC) is one of the leading causes of tumour-related death 
worldwide. The largest attributable causes for HCC are chronic infection by hepatitis 
B virus (HBV) and hepatitis C virus (HCV).1,2 Despite great advances in the diagnosis 
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and treatment of HCC, the late-stage presentation is due in 
a large part to the absence of symptoms in early stages of the 
disease. Potentially curative options such as surgical resec-
tion are only indicated for early stage disease and are possi-
ble in only 10% to 20% of HCC patients, while the majority 
of patients with advanced HCC are not amenable to surgery 
with a poor prognosis.3 As a systemic treatment, immu-
notherapy has made great progress and attached much atten-
tion in HCC therapy.4,5 It is of great significance to search 
for new biomarkers related to HCC immunotherapy in order 
to further improve the efficacy, especially when first-line 
HCC immunotherapy has become an effective option.

Immunotherapy at multiple lines of therapy of HCC 
has been investigated. In Checkmate040 study, Nivolumab 
was used as the 2nd line treatment for advanced HCC 
patients who received the first-line sorafenib treatment. 
The objective response rate (ORR) of patients with PD- 
L1≥1% was 26%, compared with 19% for those with PD- 
L1<1%.6 In Checkmate459 study, Nivolumab was com-
pared with sorafenib as the first-line treatment. The results 
showed that the ORR was 28% for patients with PD-L1≥1 
%, compared with 12% for those with PD-L1<1%. Both 
studies suggested that patients with high PD-L1 expression 
had higher ORR in immunotherapy.7 Similarly, 
Keynote224 study and the Phase III Keynote240 study 
also showed benefit from pembrolizumab in patients with 
high PD-L1 expression.8,9 More recently, IMbravel50 
study demonstrated that atezolizumab combined with bev-
acizumab was superior to the existing standard therapy of 
sorafenib at first-line therapy for HCC.10 In addition, 
phase IB study with pembrolizumab/lenvatinib combina-
tion at first-line and Phase II study with Carrelizumab/ 
FOLFOX4/GEMOX combination at first-line treatment 
of advanced HCC have shown better safety and efficacy 
than immunotherapy or chemotherapy alone.11,12 These 
results indicate that first-line combined immunotherapy 
for HCC may provide better response than second-line 
treatment and first-line single-drug treatment. However, 
the potential biomarkers for the first-line combined immu-
notherapy have not investigated, and the molecular 
mechanism for the first-line combined immunotherapy 
also needs to be clarified. In this study, we conducted 
comprehensive studies at genomic, transcriptional and 
immune repertoire levels to explore the relationship 
between the response of first-line combined immunother-
apy and molecular biomarkers. We expect to provide help-
ful information for the stratification and prediction of 

clinical efficacy and prognosis of the first-line combined 
immunotherapy.

Methods and Materials
Ethics Approval and Consent to 
Participate
All experiment plans and protocols for the study were 
submitted to the ethics/licensing committee of the partici-
pating hospitals for review and approval before the start of 
the clinical study, and were approved by the corresponding 
committee of the hospital. All subjects signed the 
informed consent before tissue or blood collection, and 
they were informed of the usage of samples and the test 
results. Informed consent was collected and obtained from 
all subjects before the start of the clinical study. All 
experiments, methods, procedures and personnel training 
were carried out in accordance with relevant guidelines 
and regulations of the participating hospitals and labora-
tory. This study was conducted in accordance with the 
Declaration of Helsinki.

Study Design, Patients and Samples
A prospective cohort study was designed and implemented 
to include as many intermediate or advanced stage HCC 
patients as possible (BCLC stage B and C), as long as the 
tissue or blood samples were available for NGS. The main 
inclusion criteria included: 1) adults over 18 years old and 
those have complete clinicopathological information and 
confirmed diagnosis of HCC by pathological examination; 2) 
BCLC-B or BCLC-C patients who do not have surgery 
opportunity and are suitable for first-line combined immu-
notherapy; 3) patients who plan to receive therapy in our 
hospital and available for follow-up; 4) patients have not 
received any systemic therapy before tissue or blood sam-
ples were collected. The main exclusion criteria included 
those with no tissue samples or control samples available. 
Patients with incomplete information or loss of follow-up 
were also excluded. As a result, a total of 103 patients with 
BCLC-B or BCLC-C HCC were recruited in this study. 
Clinical status of patients was determined before the collec-
tion of samples, including fresh surgical samples, needle 
biopsy samples, formalin-fix paraffin-embedded (FFPE) 
samples or blood that were obtained from all subjects who 
were confirmed with diagnosis of HCC. FFPE or fresh tissue 
samples were obtained for genomic test by NGS, using the 
blood peripheral lymphocytes as the control. Fresh cancer 
tissue samples and adjacent normal tissue samples were used 
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for mRNA and lncRNA sequencing (RNA-seq), and blood 
samples were used for T cell repertoire sequencing (TCR- 
seq). Samples with tumor cell content ≥20% were used for 
subsequent sequencing, while patients with tumor cell con-
tent less than 20% were asked to resample. In the 103 
patients who had samples available for 605-gene panel- 
based genomic analysis, 78 patients were excluded due to 
surgical treatment or willing to receive therapy at local 
hospitals, 25 patients were available for the first-line com-
bined immunotherapy in our hospital (Table 1, 
Supplementary Figure 1), in which 18 patients had paired 
cancer and adjacent normal samples for RNA-seq/TCR-seq 
and complete response data from the first-line combined 
immunotherapy. Data of RNA-seq and TCR-seq were 
obtained from 17 patients, as the sample of one patient 
was excluded due to failure to pass the quality control 
(Supplementary Figure 1). Apart from the 18 patients, 
other patients received therapy other than combined immu-
notherapy or in other hospitals and therefore were not 
included in this analysis. This study is part of the registered 
study ChiCTR1900023914.

Sample Preparation, Targeted NGS and 
Data Processing
605-Gene NGS Sequencing
For the FFPE samples, ten 5 μm tumor slices were used for 
DNA extraction using the QIAamp DNA FFPE Kit 
(QIAGEN, Valencia, CA, USA) following the manufacturer’s 
instructions. DNA from peripheral blood lymphocytes (PBLs) 
was extracted using the RelaxGene Blood DNA system 
(Tiangen Biotech Co., Ltd., Beijing, China) according to the 
manufacturer’s instructions. DNA from fresh tissue samples 
was extracted using the EasyPure® Genomic DNA Kit 
(Beijing TransGen Biotech, Beijing, China). DNA was quan-
tified with the Qubit 2.0 Fluorometer and the Qubit dsDNA 
HS assay kit (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to manufacturer’s instructions. In brief, frag-
mented genomic DNA underwent end-repairing, A-tailing and 
ligation with indexed adapters sequentially, followed by size 
selection using Agencourt AMPure XP beads (Beckman 
Coulter Inc., Brea, CA, USA), and DNA fragments were 
used for library construction using the KAPA Library 
Preparation kit (Kapa Biosystems, Inc., Wilmington, MA, 
USA) according to the manufacturer’s protocol. 
Hybridization-based target enrichment was carried out with 
HaploX pan-cancer 605-gene NGS panel (gene list in 
Supplementary Table 1) and Pre.LM.PCR Oligos (Kapa 

Biosystems, Inc.) in 50 μL reactions, and 7–8 PCR cycles 
were performed depending on the amount of DNA input. 
DNA sequencing was then performed on the Illumina 
Novaseq 6000 system according to the manufacturer’s recom-
mendations at an average depth of 5000× for tissue.

Sequencing data were de-multiplexed and aligned to the 
hg19 genome (GRch37) using Burrows-Wheeler Aligner 
(http://bio-bwa.sourceforge.net/) version 0.7.15.r1140 using 
default settings. Pileup files for properly paired reads with 
mapping quality ≥60 were generated using Samtools (http:// 
www.htslib.org/). Somatic variants were determined using 
VarScan2 (http://varscan.sourceforge.net/). Allele frequen-
cies were calculated for all Q30 bases. Using a custom 
Python script, previously identified tumor DNA mutations 
were intersected with a Samtools mpileup file generated for 
each sample, and the number and frequency were then cal-
culated for each mutation. A mutation was identified if ≥5 
mutant reads were identified and ≥1 mutant read was identi-
fied on each strand. Matched genomic DNA from white 
blood cells was used as control. Copy number changes 
were analyzed using the DECoN software (https://github. 
com/RahmanTeam/DECoN).

RNA-Seq
RNA from fresh tissue samples was extracted using 
EasyPure® RNA Kit (Beijing TransGen Biotech, Beijing, 
China). RNA was quantified with the Qubit 2.0 
Fluorometer and the Qubit RNA HS assay kit (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) according to 
manufacturer’s instructions. After ribosomal RNA (rRNA) 
was digested by TruSeq Stranded Total RNA, the rRNA- 
removed RNA was cut into small fragments for cDNA 
synthesis. Libraries were generated using the KAPA 
Library Preparation kit (Kapa Biosystems, Inc., 
Wilmington, MA, USA) according to the manufacturer’s 
protocol. Sequencing was conducted with the Illumina 
Novaseq 6000 platform. Data processing for differential 
RNA expression analysis between tumor tissues and nor-
mal tissues was performed using the LIMMA R package. 
Expression with |LogFC| > 1 (FC stands for fold change) 
and adjusted P value (false discovery rate control, FDR) < 
0.05 were considered to be significant differential expres-
sion. The integrated dysregulated gene lists were saved for 
subsequent analysis.

TCR-Seq
DNA from peripheral blood lymphocytes (PBLs) was 
extracted using the RelaxGene Blood DNA system 
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(Tiangen Biotech Co., Ltd., Beijing, China) according 
to the manufacturer’s instructions. Samples were ana-
lyzed by high-throughput sequencing of the TCR β 
CDR3 region using the ImmunoSEQ immune profiling 
system (Adaptive Biotechnologies, Seattle, WA) at 
deep level. Sequencing was performed with Illumina 
Novaseq 6000 platform. In order to retain high-quality 
data for further analysis, FASTP software was used to 
filter the sequence. Samples in compliance with quality 
control (clonal reads ≥ 100K) were allowed for subse-
quent analysis. FLASH software was used to combine 
high-quality fragment data, and MiXCR software was 
then used to compare the fragment sequence with 
TCRVβ/Dβ/Jβ gene sequences in immune cell receptor 
library, and analyze the frequency of CDR3 clone sub-
type Vβ/Dβ/Jβ in each sample.

Statistics, Data Analysis, Calculation of 
TMB and Molecular Subtyping
Statistical analysis was performed and figures were plotted 
with GraphPad PRISM 5.0 software (GraphPad Software, 

Inc, La Jolla, CA 92037, USA). Student’s t-test was per-
formed when two groups were compared, and ANOVA 
and post-hoc tests (Bonferroni test) were performed when 
three or more groups were compared. Chi-square test and 
Fisher test were performed when rate or percentage was 
compared for significance. Mutation spectrum and cluster-
ing analysis were conducted and figures were made with 
relevant packages of the R software (https://www.r-pro 
ject.org/).

Results
Genomic Alterations of HCC and 
Response Stratification Markers for the 
First-Line TKI ± Immunotherapy
In order to study the potential stratification of genetic 
alterations on HCC immunotherapy, we first studied the 
genomic variation of HCC. Figure 1A shows the mutation 
spectrum of HCC by the 605-gene panel. It was found that 
TP53, TERT, CSMD3, CTNNB1 and ARID1A genes were 
among the highly mutated genes in HCC. In addition, copy 

Table 1 Clinicopathological and Therapeutic Information for All Patients in This Study

Patient ID Sex Age BCLC Staging Differentiation Therapy Response

001 Male 47 C Moderate Sorafenib+Sintilimab PR
002 Female 52 C Moderate N/A

003 Male 49 C Moderate Lenvatinib+Sintilimab SD

004 Male 50 C Moderate Lenvatinib+Sintilimab PD
005 Male 58 C Moderate Lenvatinib+Sintilimab SD

006 Male 60 C Moderate N/A

007 Male 46 C Moderate Sorafenib+Sintilimab PD
008 Male 48 C Low Lenvatinib+Sintilimab PD

009 Male 63 B Moderate Sorafenib+Sintilimab PD
010 Male 71 C Moderate Sorafenib+Sintilimab SD

011 Male 50 C Moderate N/A

012 Male 46 C Moderate Lenvatinib+Pembrolizumab PR
013 Female 68 C Low Lenvatinib+Tislelizumab PD

014 Male 68 C High N/A

015 Male 33 C Moderate Sorafenib+Sintilimab PD
016 Male 68 C Moderate N/A

017 Male 69 C Moderate Lenvatinib+Sintilimab PD

018 Male 54 C Moderate Lenvatinib+Sintilimab PR
019 Male 63 B Moderate N/A

020 Female 61 C Moderate Sorafenib+Sintilimab PR

021 Male 53 C High Lenvatinib+Sintilimab SD
022 Male 66 C Moderate Lenvatinib+Sintilimab SD

023 Female 36 C Moderate N/A

024 Male 55 C Moderate Lenvatinib+Sintilimab SD
025 Female 56 C Moderate Lenvatinib+Sintilimab PR
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A

B

Figure 1 The genomic alterations of HCC. Panel (A) the alteration spectrum of 103 HCC patients, including SNV, INDEL and CNV alterations. Panel (B) the results of GO (left) 
and KEGG (right) clustering analyses based on genomic alterations. In the left panel (GO clustering), green bars, Orange bars and blue bars represent enriched biological processes, 
cellular compartments and molecular functions, respectively, which are labeled below the figure. The Y-axis represents the ratio of genes that fall into the labeled items. In the right 
panel (KEGG clustering), the enriched pathway of functions are labeled on the left (Y-axis), and the ratio of genes fall into the labeled items is labeled below the figure. The size of 
dots represents the number of genes and the color represents the adjusted p values. Bigger dots stand for higher count and red stands for lower p values. The major abnormalities 
included ERK1/2 pathway, cell membrane function, specific DNA binding, PI3K-AKT pathway, MAPK pathway, RAS pathway, RAP1 pathway and HPV infection.
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number variations (CNVs) were also identified in genes, 
including TERT, MDM4, FGF3/4/19 and MET. The full 
list of variations detected by the 605-gene panel is sum-
marized in Supplementary Table 2. The results for GO and 
KEGG clustering analyses are shown in Figure 1B, illus-
trating the aberrancies in major functions and pathways. It 
can be observed that the major abnormalities included 
ERK1/2 pathway, cell membrane function, specific DNA 
binding, PI3K-AKT pathway, MAPK pathway, RAS path-
way, RAP1 pathway and HPV infection. We analyzed the 
correlation between gene alterations and the response of 
first-line immunotherapy in patients with HCC (Figure 2, 
Table 1). It was found that high-frequency mutations such 
as TP53 and TERT had no stratification effect on response, 
while MDM4 gene amplification had obvious stratification 
on response, in which a significantly higher percentage of 
MDM4 amplification was found in patients with cancer 
progression (PD) (P = 0.018), while there no MDM4 
amplification was found in partial response (PR) and stable 
disease (SD) patients. Further analysis revealed that FGF3/ 
FGF4/FGF19 genes were simultaneously amplified in two 
PD patients (P = 0.14), suggesting potential similar strati-
fication to MDM4 amplification. We further conducted 
analysis on tumor mutational burden (TMB), and found 
no significant difference in TMB between PR/SD and PD 
patients (Figure 2).

Transcriptional Alterations of HCC and 
Response Stratification Markers for the 
First-Line Immunotherapy
To further investigate the relationship between HCC var-
iation and the response of combined first-line immunother-
apy, we collected the cancer and paracancerous normal 
tissue from HCC patients, and examined the mRNA and 

lncRNA level alterations in HCC by RNAseq. Our study 
revealed 501 significantly differentially expressed mRNAs 
and 882 significantly differentially expressed lncRNAs 
(Figure 3). Further analysis showed that significant differ-
ences of mRNA were mainly present in synaptic function, 
cell membrane functions, systemic lupus erythematosus 
(SLE), cell division and chromosome and RNA polymer-
ase (Figure 3A), in which mRNA significantly up- 
regulated in chromosome function, SLE, endoplasmic reti-
culum function, alcoholism, cell cycle and cell division 
(Supplementary Figure 2A), and significantly down- 
regulated in the cell membrane function and cell adhesion 
(Supplementary Figure 2B). Significant differences of 
lncRNA were mainly present in nervous system develop-
ment, ion channel function, cAMP pathway, MARK path-
way, RAS pathway, Wnt pathway, calcium signaling, 
neuroactive ligand–receptor interaction and cell adhesion 
(Figure 3B), in which lncRNA significantly up-regulated 
in nervous system development, an ion channel function, 
cAMP pathways and neuroactive ligand–receptor interac-
tion (Supplementary Figure 2C), and significantly down- 
regulated in cell adhesion, cAMP pathway, neuroactive 
ligand-receptor action and membrane proteins 
(Supplementary Figure 2D).

We further compared the levels of these differentially 
expressed mRNAs/lncRNAs between PR/SD and PD 
groups, and the results showed that the mRNA levels 
of 6 genes and the corresponding levels of 2 lncRNA- 
regulated genes were significantly different between PR/ 
SD and PD groups. These included the mRNA levels of 
DGKI, TNFSF14, CHST4, ACTIN1, PFKP and SLC51B 
(Figure 4A) and the lncRNA levels of LCK and ERN1 
(Figure 4B). These results suggest that the mRNA or 
lncRNA levels of these genes had potential roles in 
stratifying the response of the first-line combined 

Figure 2 The percentage of major genetic alterations and TMB in PR/SD and PD groups. The percentage of patients with alterations or WT is shown for TP53, TERT and 
MDM4. The TMB for the two groups are also shown as indicated.
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immunotherapy. We further compared our findings in 
mRNA with those recorded in the TCGA database, 
including data from 371 HCC tissue samples and 50 
adjacent normal tissue samples. Database analysis of 
HCC and adjacent normal tissue revealed 8515 signifi-
cant differentially expressed genes between HCC and 
normal tissues, in which DGKI (P = 1.99E-30), CHST4 
(P = 1.08E-17), PKFP (P = 1.19E-5) and SLC51B (P = 
1.43E-15) were the overlapping genes compared with 
our findings. This observation supported the validity of 
our findings.

Immune factors play important roles in immunotherapy, 
especially in the recognition of T cell chemotaxis and tumor 
killing. We therefore studied the correlation between a panel 
of immune factors (including BTLA, CCL5, CD34, CD96, 
CXCL9, CXCL10, ICAM1, LAG3TIGIT, TNF, VCAM1, 
VEGFA, VEGFB) and the therapeutic response, and found 
no significant correlation between response and the expres-
sion of these immune factors. We further investigated the 
correlation between the mRNA levels of these immune 
factors and the mRNA/lncRNA levels of the identified 
genes with potential response stratification effect. The results 
showed significant correlations between TIGIT, CD34 and 
CHST4 mRNA levels, between ICAM1 and SLC51B 

mRNA levels, and between CCL5, CXCL9, CXCL10 and 
ERN1 mRNA levels (Figure 5). These results suggest that 
although these immune factors were not able to stratify the 
response directly, their expression correlated with the 
mRNA/lncRNA levels of genes that stratify the response, 
and therefore could correlate with the response indirectly.

Immune Repertoire Alterations of HCC 
and Potential Indications of Response 
Stratification
We further studied the TCR repertoire diversity of HCC by 
defining the three commonly used indicators. We found 
that Shannon–Wiener Index and Evenness fluctuated sig-
nificantly among different patients, while Simpson index 
was more uniform (Figure 6A). The correlation study of 
the three indicators revealed that any two of the three 
indicators were significantly correlated, indicating a good 
consistency for diversity assessment using different indi-
cators (Figure 6B). We then compared the levels of each of 
the three indicators between PR/SD and PD groups. 
Figure 7A showed that Shannon–Wiener index, Simpson 
index and evenness had no significant difference between 
PR/SD and PD groups, suggesting no stratification on 

A

B

Figure 3 The alterations of mRNA and lncRNA in HCC compared with normal tissue. Significant up-regulations (red dots) and down-regulations (blue dots) in mRNA 
(panel (A)) and lncRNA (panel (B)) are presented as volcano plots. Read dots represent significantly upregulated genes and blue dots represent significantly downregulated 
genes and grey dots represent insignificant changes (normal). P < 0.05 and Log2(fold change, FC)≤-1 or ≥1 were selected as the thresholds for significant change. Clustering 
analyses for these significant alterations (both up- and down-regulations) are performed and presented as GO, KEGG and Reactome clustering, as indicated in each panel. 
The interpretation of GO, KEGG and Reactome clustering figures is identical to that describe in legends of Figure 1. Significant differences of mRNA were mainly present in 
synaptic function, cell membrane functions, systemic lupus erythematosus (SLE), cell division and chromosome and RNA polymerase (Figure 3A). Significant differences of 
lncRNA were mainly present in nervous system development, ion channel function, cAMP pathway, MARK pathway, RAS pathway, Wnt pathway, calcium signaling, 
neuroactive ligand–receptor interaction and cell adhesion, (Figure 3B).
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response. Further analysis showed correlation between the 
three indicators and the mean RNA level of all genes 
obtained from the tumor tissue sample of certain patient 
(Figure 7B), in which Shannon–Wiener index and even-
ness showed a weak negative correlation with the mean 
RNA level (Figure 7B), indicating that TCR CD3 diversity 
in tumor tissues possible negatively correlated with RNA 
level. We further performed the stratification analysis on J, 
V and V-J subtypes, in which 12 patients agree to provide 
individual data on J, V and V-J subtypes (Supplementary 
Figure 3). Individual data of J subtypes (Supplementary 

Figure 3A), V subtypes (Supplementary Figure 3B) and 
V-J subtypes (Supplementary Figure 3C) were obtained 
from individual patients, as shown in Supplementary 
Figure 3. All patients were divided into two groups by 
response (PR/SD and PD). Statistics did not show any 
significant difference in subtype distribution between PR/ 
SD and PD group, possibly due to the limited number of 
patients in this analysis. Variation of subtype distribution 
among patients can be observed, and the pattern of J, 
V and V-J subtype distribution within the same group 
appeared to be similar across most individuals.

A

B

Figure 4 Significant differences in mRNA and lncRNA levels of individual genes were observed between PR/SD and PD groups. The differences in mRNA levels between PR/ 
SD and PD groups for six genes are presented in panel (A) and the differences in lncRNA levels between PR/SD and PD groups for two genes are presented in panel (B). 
P values are labeled for each individual gene. Data are presented as mean with standard deviation (SD).
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Discussion
The first-line combined immunotherapy for HCC has been 
recommended by the 2020 NCCN guidelines and newly 
reported in 2020 ASCO annual meeting. Currently, it 
mainly involves two strategies, including atezolizumab 
+bevacizumab (T+A)10 and pembrolizumab+lenvatinib 
(K+L).13 The FDA approval of T+A therapy was based 
on a multicenter, open-label, randomized, phase III study 
(IMbrave150). The median PFS was significantly longer in 
the combined group than in the sorafenib group (6.8 
months vs 4.3 months; HR = 0.59 [95% CI 0.47−0.76]; 
P < 0.0001). Median OS was not achieved in the combined 
group, and was 13.2 months in the Sorafenib group (HR 
0.58 [95% CI 0.42−0.79]; P = 0.0006). According to 
RECIST 1.1, the ORR in the combination group was 
more than twice that of the sorafenib group (27% vs 
12%; (p < 0.0001)). The median duration of treatment 
for combined therapy was 7.4 months versus 3 months 
for sorafenib.10 This is the first treatment in more than 
a decade to show improved survival in untreated patients 
with advanced HCC.

Pembrolizumab+lenvatinib (K+L), another combined 
therapy for advanced HCC also exhibited promising pro-
spect. The KEYNOTE-524 study (NCT03006926) was 
a non-blind, multicenter, IB phase trial evaluating toler-
ability and safety.13 One hundred and four patients with 
BCLC stage B or C HCC (Child-Pugh class A, ECOG 0 

or 1) without prior systemic therapy were enrolled. No 
dose-limiting toxicity (DLTs) was observed in 45 patients, 
and the enrollment was expanded to 104 patients (DLT, 
n = 6; Upgrade, n = 98). At a mean follow-up of 10.6 
months, 37 patients remained on treatment (lenvatinib, n = 
3; Combination, n = 34). According to RECIST v1.1, ORR 
was 36% (95% CI: 26.6–46.2), including 1 CR (1%) and 
35 PR (35%). These results were better than those of the 
lenvatinib group (ORR: 24.1%, 6 CR (1%) and 109 PR 
(23%)). The median PFS of 19 patients was 8.6 months 
(95% confidence interval, 7.1–9.7) and the median DOR 
was 12.6 months (95% confidence interval, 6.9-not 
estimable).14 A multicenter, double-blind, phase III trial, 
LEAP-002 (NCT03713593) is currently investigating the 
efficacy of this combination in first-line patients with 
advanced HCC (Child-Pugh class A).15

Based on the approval by FDA and the above clinical 
trial data, sorafenib+sintilimab (S+S) and lenvatinib+sinti-
limab (L+S) were used in this study. Sorafenib targets 
CRAF, BRAF, BRAF V600E, C-KIT, FLT-3, VEGFR-2, 
VEGFR-3, PDGFR-β and lenvatinib targets VEGFR-1, 
VEGFR-2, VEGFR-3, FGFR1, PDGFR, CKIT, RET, etc. 
Since sorafenib and lenvatinib are both multi-target inhi-
bitors with common targets, we combined the two strate-
gies as one group for analysis in this study. Our study 
found that high-frequency driver gene mutations in HCC, 
including TP53 and TERT, did not stratify response, and 
similarly, TMB did not stratify response. However, it has 

Figure 5 Correlation analyses between individual mRNA and immune factors. Significant linear correlation was found between pairs of mRNA and immune factors. 
Coefficient of determination (R2) and P values are labeled.
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been reported in previous literatures that high-frequency 
mutations such as TP53 and CTNNB1 were closely asso-
ciated with TMB-high,16 and patients carried TP53 neoan-
tigen had a longer overall survival than others.17 Mutations 
in TERT, CTNNB1, BRD4 or MLL, and co-mutations in 
TP53 and TERT or BRD4 were associated with signifi-
cantly worse survival.18 Furthermore, several studies 
showed that patients with high TMB exhibited worse OS 
than those with low TMB.18–22 However, all the above 
studies were from single-drug immunotherapy at first-line 
or multiple lines, and the stratification effect of mutation 
and TMB in the first-line combined immunotherapy on 
response and prognosis has not been reported. Since 
immunotherapy by single drugs is not as effective as 
combined therapy, our observations in this study may 

lead to the speculation that the combination of PD-1 
blockade with multi-target inhibitors may diminish the 
stratification effect of individual mutations and TMB, as 
the improvement of overall response may obscure the 
effect of biomarkers.

Although mutations and TMB were unable to stratify 
the response HCC in first-line combined immunotherapy, 
MDM4 amplification was found to be an effective predic-
tive marker for disease progression in patients. Similarly, 
FGF3/4/19 amplification may also be a predictive marker 
for PD in patients. MDM2/MDM4 amplification was 
reported to be associated with cancer hyperprogression 
disease (HPD) in other cancers but has not been reported 
in HCC immunotherapy.23–27 Similarly, FGF3/4/19 ampli-
fication was also reported to be predictive markers for 

A

B

Figure 6 Assessment of TCR CDR3 diversity and the correlation of indexes. Panel (A): Shannon–Wiener Index, Simpson index and evenness for 17 HCC patients. 
Individual values are connected to compare the trend of different indexes. Panel (B): strong correlation was revealed between any two of the three indexes.
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HPD in HCC and other cancers at multiple lines of 
treatment.28–33 Therefore, MDM4 and FGF3/4/19 amplifi-
cation are very likely to be biomarkers for disease progres-
sion in first-line combined immunotherapy for HCC, 
similar to previous studies with multiline immunotherapy 
or targeted therapy.

In this study, we identified 8 genes that had stratifying 
capability on first-line combined immunotherapy. 
Functional classification of these genes showed that they 
were mainly involved in liver metabolism regulation 
(DGKI, ACTIN1, PFKP, SLC51B) and tumor immune 
regulation (TNFSF14, CHST4, LCK, ERN1). It appeared 
that the abnormal levels of mRNA or lncRNA of these 
genes reflected the abnormal changes in metabolism and 
immune regulation in HCC, and were significantly asso-
ciated with response. Interestingly, the mRNA or lncRNA 

levels of these genes were significantly higher in the PR/ 
SD group than in the PD group, suggesting that high 
mRNA/lncRNA levels were good predictors of response, 
while no genes at low levels were found to correlate with 
better efficacy. Therefore, these 8 genes could constitute 
a panel that could be used as predictors of response in 
first-line combined immunotherapy. Due to the limited 
number of patients, these 8 genes were not verified in 
this study, and subsequent studies should establish 
a model and verify it. We further analyzed the expression 
of a series of immune factors known to play roles in tumor 
cell recognition and specific killing. Our results showed 
that none of these immune factors showed a stratification 
effect, we therefore analyzed the correlation between these 
immune factors and the 8 genes correlated with response, 
and found that 6 immune factors exhibited moderate 

A

B

Figure 7 Stratification of TCR CDR3 diversity and its correlation with mean mRNA. Panel (A): Box-and-Whisker’s plot for Shannon–Wiener Index, Simpson index and 
evenness in PR/SD and PD groups. Panel (B) upper row: individual values show the correlation between the three indexes and the mean RNA levels. Individual values are 
connected to compare the trend of different indexes in the figures of the upper row. Panel (B) lower row: linear correlation was found between Shannon index and mean 
RNA level, and between evenness and the mean RNA level.
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correlations. These observations suggest that although 
immune factors themselves could not significantly stratify 
response, they were significantly correlated with genes 
stratifying response (CHST4, SLC51B, and ERN1), sug-
gesting that they indirectly correlated with response. These 
immune factors not only involve those related to immune 
cell function, such as TIGIT, cell surface antigen recogni-
tion molecules, such as CD34 and ICAM1, but also 
involve chemokines such as CCL5, CXCL9 and 
CXCL10. Therefore, the above observations were helpful 
to clarify the relationship between response stratification 
genes and immune factors and helped to explain the roles 
of immune factors in first-line combined immunotherapy.

Immune repertoire, especially the CDR3 region of 
TCR, has been studied in cancers including HCC. The 
immune repertoire reflects an aspect of the tumor micro-
environment, representing the degree of clonal diversity in 
the T-cell receptor variable region CDR3. In cancers 
besides HCC, CDR3 region diversity is considered as an 
indicator of immunotherapeutic efficacy. For example, in 
patients with lung cancer underwent surgery, high T cell 
clonality was considered to be associated with poor post-
operative survival,34 and may also be associated with 
higher recurrence.35 Furthermore, dynamic detection of 
the TCR repertoire during anticancer treatment was useful 
for prognosis. The degree of overlap and trend of alteration 
in the diversity of TCR CDR3 region before and after 
treatment may affect the prognosis of patients.36 In another 
report on melanoma, patients treated with CTLA4 blockade 
experienced a significant increase in the number and com-
plication of TCR variants, which was attributable to the 
drug treatment.37 Although the study found no association 
between baseline TCR diversity and response to CTLA-4 
blockade, other studies showed association between high 
TCR repertoire diversity before therapy and clinical 
benefit.38 Since the baseline TCR repertoire diversity of 
patients before treatment may vary greatly due to individual 
differences, it appears that the changes but not the absolute 
values of the TCR repertoire diversity during treatment 
may be an indicator of the response and prognosis of 
patients. In HCC immunotherapy, it is lack of similar 
study on the stratification of response by TCR Repertoire. 
In this study, we examined the peripheral blood TCR 
repertoire diversity and measured it with three commonly 
used indicators. We found that the three indicators had 
strong linear correlation, indicating good consistency 
among the indicators. Simpson index fluctuated less, 
while Shannon–Weiner index and Evenness fluctuated 

substantially among individuals, indicating some differ-
ences existed in the three indexes. We did not observe 
stratification effect of TCR repertoire diversity on patient 
outcomes, which could be due to a number of factors. First, 
we measured the TCR repertoire diversity of pre- 
therapeutic blood samples from patients. As mentioned 
above, the absolute value of TCR repertoire diversity may 
be not necessarily related to response, while changes during 
therapy may be related to response. However, we were 
unable to obtain post-therapeutic tissue samples from 
patients in this study. Secondly, it is unclear whether the 
TCR repertoire diversity alone can accurately reflect the 
immune status of HCC patients, because it is affected by 
many factors, such as age.39 Thirdly, more evidence is still 
needed on whether blood TCR repertoire diversity can 
accurately reflect HCC TCR repertoire diversity. 
Furthermore, we found that the changes of Shannon– 
Weiner index and evenness were weakly negatively corre-
lated with the mean RNA range of patients, indicating that 
the individual TCR repertoire diversity of HCC patients 
may be correlated with the individual RNA level. We there-
fore speculate that the changes of TCR repertoire diversity 
during immunotherapy may be relatively independent but 
correlated with the changes of total RNA to a certain extent. 
More research is needed to clarify the exact correlation.

Recent studies supported the notion that specific T-cell 
populations are present and may be related to HCC response 
to immunotherapy, and therefore T-cell subtyping could be 
used in patient selection or response stratification.40–45 This 
mainly involved specific CD4+ and/or CD8+ T-cells that can 
infiltrate the HCC cancer tissue. The findings could also be 
true in PD-1 inhibitor combined with multiple target inhibi-
tors such as regorafenib45 or lenvatinib (this study). It is 
possible that T-cell clonality (TCR repertoire diversity), 
combined with specific T-cell markers (such as CD4, CD8) 
may be used to stratify patient response and prognosis. On 
the other hand, activation or expansion of specific T-cell 
types may be used to enhance the response to immunother-
apy in future.

There were some limitations with this study. First, the 
number of patients was limited with first-line combined 
immunotherapy. This limited the power of analysis in 
stratification by mutations, amplifications, mRNA, 
lncRNA and TCR sequencing, and bias may exist with 
small number of cases. More cases should be collected in 
future to validate the findings in this study. Secondly, post- 
therapeutic samples should be collected as much as possi-
ble to study the alterations of mutations, transcriptions and 
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TCR diversity changes after therapy, which could provide 
extra information on molecular alterations during first-line 
combined immunotherapy and help to find new biomar-
kers of response stratification. Thirdly, follow-up data 
should be collected to identify potential biomarkers for 
prognosis prediction.
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