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Hepatic Surgery Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, Hubei, China

Background: Targeted and Immunotherapy has emerged as a new first-line
treatment for advanced hepatocellular carcinoma (aHCC). To identify the
appropriate targeted and immunotherapy, we implemented next generation
sequencing (NGS) to provide predictive and prognostic values for aHCC patients.

Methods: Pretreatment samples from 127 HCC patients were examined for
genomic changes using 680-gene NGS, and PD-L1 expression was detected
by immunohistochemistry. Demographic and treatment data were included for
analyses of links among treatment outcomes, drug responses, and genetic
profiles. A prognostic index model for predicting benefit from treatment was
constructed, taking into account of biomarkers, including TP53, TERT, PD-L1,
and tumor mutation burden (TMB) as possible independent prognostic factors.

Results: The multivariate Cox regression analyses showed that PD-L1>1% (HR
25.07, 95%Cl 1.56 - 403.29, p=0.023), TMB>5Mb (HR 86.67, 95% Cl| 4.00 -
1876.48, p=0.004), TERT MU (HR 84.09, 95% CI 5.23 - 1352.70, p=0.002) and
TP53WT (HR 0.01, 95%CI 0.00 - 0.47, p=0.022) were independent risk factors for
overall survival (OS), even after adjusting for various confounders. A prognostic
nomogram for OS was developed, with an area under the ROC curve of 0.91,
0.85,and 0.98 at 1-, 2-, and 3- year, respectively, and a prognostic index cutoff of
1.2. According to the cutoff value, the patients were divided into the high-risk
group (nN=29) and low-risk group (N=98). The benefit of targeted and
immunotherapy in the low-risk group was not distinguishable according to
types of agents. However, treatment of Atezolizumab and Bevacizumab
appeared to provide longer OS in the high-risk group (12 months vs 9.2, 9, or 5
months for other treatments, p<0.001).
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Conclusion: The prognostic model constructed by PD-L1, TMB, TERT, and TP53
can identify aHCC patients who would benefit from targeted and
immunotherapy, providing insights for the personalized treatment of HCC.
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1 Introduction

Hepatocellular carcinoma (HCC) is the most common liver cancer
and the fourth leading cause of cancer-related death worldwide (1).
Most patients are diagnosed at an advanced stage with chronic liver
disease and cannot receive surgical treatment (2). In recent years,
targeted and immunotherapy has brought hope to patients with
advanced hepatocellular carcinoma (aHCC). Compared with
Sorafenib, The IMbravel50 trial showed that the combination of
Atezolizumab and Bevacizumab prolonged overall survival (OS) (19.2
mo vs. 13.4 mo, HR=0.66, 95% CI=0.52-0.85, P=0.0009) and
progression-free survival (PFS) (6.9 mo vs. 4.3 mo, HR=0.65, 95%
CI=0.53-0.81, P=0.0001) (3). Atezolizumab and Bevacizumab are FDA-
approved for patients with unresectable or metastatic HCC who have
not received previous systemic therapy (3). Pembrolizumab (4),
Nivolumab (5), and others have also been approved by the FDA for
HCC patients previously treated with Sorafenib.

With the rapid development of metagenomic sequencing
technology, HCC has been shown to be significantly heterogeneous.
Not all HCC patients can benefit from targeted and immunotherapy,
and its high treatment resistance and poor prognosis pose challenges to
systemic treatment (6). The objective response rate (ORR) of
Atezolizumab combined with Bevacizumab is only about 30% (7). In
addition, approximately 5%-30% of patients develop grade >3
immune-related adverse events (irAEs). To optimize the use of
targeted and immunotherapy in HCC, the development of predictive
biomarkers has become increasingly important.

Next-generation sequencing (NGS) can analyze the comprehensive
information of the cancer genome and transcriptome on a large scale,
thereby rapidly identifying potential driver gene events in cancer,
especially potential molecular therapeutic targets (8). In non-small
cell lung cancer (NSCLC), genetic biomarkers have been shown to
predict the efficacy of targeted therapies, especially those targeting
specific tyrosine kinase receptors and immune checkpoint inhibitors
(9). Genetic testing also plays a crucial role in guiding the correct
treatment of breast cancer, especially the stratification of patients (10).
However, biomarkers that are useful for targeted and immunotherapy
prediction in other cancers, such as programmed death ligand 1 (PD-
L1) and tumor mutation burden (TMB), have no established predictive
role in HCC.

In a multi-cohort study, previously treated, advanced HCC
patients treated with combination therapy of PD-L1 inhibitor
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Durvalumab and anti-VEGFR2 antibody Ramucirumab, the high
PD-L1 subgroup showed longer OS and PFS, compared with low
PD-L1 subgroup (11). In CheckMate 459 trial, advanced HCC
patients with baseline PD-L1 expression >1% had a higher ORR in
Nivolumab group (28% vs 12%), compared with PD-L1<1% (12). It
has been shown that higher TMB is associated with better tumor
responsiveness to PD-1/PD-L1 immunotherapy in a variety of
tumors, including HCC (13). However, several studies have
shown that level of the TMB in HCC is relatively low (mTMB
=4.08 mutations/Mb) (14). TP53 is the most frequently mutated
tumor suppressor gene in HCC. TP53 gene aberrations are
associated with specific IFN-y gene signatures, higher Foxp3+
Treg infiltration and lower CD8+ T cell infiltration in HCC (15).
TERT mutation and serum AFP>400 ng/mL were independent
predictors of poor OS in advanced HCC patients treated with
Atezolizumab combined with Bevacizumab (16).

A single gene has limited accuracy in predicting response to
targeted and immunotherapy. The study aims to construct a multi-
gene prediction model, demonstrate the clinical application of NGS
in patients with advanced HCC, and explore the relationship
between response to first-line targeted and immunotherapy and
genomic biomarkers.

2 Materials and methods
2.1 Patients selection

This retrospective study enrolled a total of 151 patients
diagnosed with unresectable advanced HCC who underwent
targeted and immunotherapy at Tongji Hospital in Wuhan
between November 2020 and October 2023. Baseline blood
samples and clinical data were collected from these patients. The
study adhered to the guidelines outlined in the Helsinki Declaration
and received approval from the Tongji Hospital’s Ethics Committee
(TT-IRB20230866). All subjects signed an informed consent form
before tissue or blood collection and were informed about the use of
the samples and the test results.

Out of these, 24 individuals were excluded due to incomplete data,
leaving a total of 127 individuals in the final analysis (Figure 1). The
medical records collected included patient demographics, HCC etiology,
Eastern Cooperative Oncology Group (ECOG) performance score,
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advanced HCC patients who underwent 680-gene NGS
treated with targeted and immunotherapy (N=151)

Eligibility was not met (n=8)
Missing complete blood count data (n=6)
Missing survival data (n=10)

Included for analysis (n=127)

high-risk group (n=29)

|

| low-risk group (n=98)

Clinical data
NGS analysis
THC analysis

FIGURE 1

Data collected on the diagnosis of advanced HCC patients who underwent NGS and IHC

blood indicators (routine blood, liver function, and alpha-fetoprotein
[AFP]), imaging data (maximum tumor diameter, number of
metastases, vascular lymph node metastases, cirrhosis, and fatty liver),
Child-Pugh class, Barcelona Clinic Liver Cancer (BCLC) stage, and
pathological indicators (MVI and tumor differentiation).

The inclusion criteria were described below: 1) age 18-75 years;
2) expected survival >6 months, and ECOG score 0-1; 3) Child-Pugh
5-7 points; 4) BCLC stage: B and C; 5) neutrophil 1.5 x 10°/L,
lymphocyte >0.5 x 10°/L, hemoglobin >90 g/L, and platelet >75 x
10°/L; 6) aspartate aminotransferase and alanine aminotransferase
<3x the upper limit of normal value (ULN) and total bilirubin <3x
the ULN; 7) international normalized ratio <1.5x the ULN;
8) creatinine <1.5x the ULN; 9) follow-up local treatments, such as
radiation therapy (RT), transcatheter arterial chemoembolization
(TACE), hepatic arterial infusion chemotherapy (HAIC) and
radiofrequency ablation (RFA) are permissible.

The exclusion criteria were as follows: 1) previous local
treatment and systematic treatments (chemotherapy, targeted
therapy, immunotherapy); 2) individuals received antibiotics,
hormones, immunosuppressants, aspirin, and atorvastatin 1
month before or during targeted therapy and immunotherapy;
3) acute inflammation, diabetes, hyperlipidemia, kidney disease,
rheumatic disease, thyroid disease, autoimmune disease, or immune
deficiency; 4) distant metastasis (except lymph node metastasis);
and 5) malignancy with other sources.

2.2 Study design

All unresectable patients underwent liver tumor biopsy before
treatment. All tumor samples were reviewed and confirmed to be
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HCC by at least two pathologists. After pathological examination,
one part of the tumor tissue was frozen in a -80 refrigerator, and the
other part was formalin-fixed and paraffin embedded to become
tissue block sections (5-20um).

2.3 680-gene NGS sequencing

2.3.1 DNA extraction

Genomic DNA from fresh HCC tumors and patient- matched
NATSs (normal adjacent tissues) were extracted using the QIAamp
DNA FFPE tissue kit (Qiagen). Extracted DNA was then quantified
by Qubit 3.0 (Thermo Fisher Scientific, Inc., Waltham, MA, USA),
in accordance with manufacturer’s instructions.

2.3.2 Library construction

DNA was sheared using enzyme dsDNA Fragmentase (New
England BioLabs, Inc., Ipswich, MA, USA). Size selection of the
DNA fragments (150-250 bp) was then performed using Ampure
XP beads (Beckman Coulter, Inc., Brea, CA, USA), which has the
additional benefits of higher recovery and greater speed. 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. Agencourt
AMPure XP beads (Beckman Coulter, Inc., Brea, CA, USA) were
used for all the cleanup steps. End repair and 3’-end A-tailing were
performed following DNA fragmentation. The purity and
concentration of the DNA fragments were assessed using the
Qubit 3.0 fluorometer and the Qubit dsSDNA HS Assay kit.
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2.3.3 Targeted capture

Targeted capture was performed using a custom set of
biotinylated DNA probes which contain 680 cancer-related genes
encompassing 2.16 Mb (Roche NimbleGen). The hybridization of
the amplified sample libraries and the SeqCap EZ Library was used
according to the manufacturer’s protocol for 16-20h at 47°C. After
hybrid selection, the captured DNA fragments were amplified with
12 to 14 cycles of PCR using 1x KAPA HiFi Hot Start Ready Mix
and Post-LM-PCR Oligos in two separate 50 UL reactions. The
reactions were then pooled and purified by Agencourt AMPure
XP beads.

2.3.4 Library denaturing, diluting and sequencing

Multiplexed libraries were denatured by Tris-HCl and
diluted by 0.2N NaOH according to the manufacturer’s
protocol (Illumina). Then the libraries were sequenced using
150-bp paired-end runs on an Illumina NovaSeq 6000
system (Illumina).

2.4 Immunohistochemistry

Paraffin sections were blocked with 10% goat serum albumin
(AR1009, Wuhan Doctor De Bioengineering Co., LTD.) in PBS
for 30 min and then incubated with PD-L1 antibody (ab213524,
ABbcam, Wuhan, China). Goat anti-rabbit IgG-HRP (ab205718,
ABbcam, Wuhan, China) was used as the secondary antibody,
and the slides were observed under a microscope after
DAB coloration.

2.5 Evaluation of PD-L1, TMB,TERT
and TP53

Serial sections of stained tumor tissue were independently
examined by two investigators, including a pathologist. To
compare the intensity of cell staining for PD-LI, cells in serial
sections were evaluated microscopically (x200 magnification). We
selected three representative fields, each of which identified any
expression of PD-L1 in 100 tumor cells. For PD-L1 IHC analysis,
TPS cut-off value were set at 1% to distinguish between presence
and absence of PD-L1 expression.

TMB is defined as the number of nonsynonymous somatic
mutations contained within an average 1 million bases (1Mb) in the
tumor genome, and the unit is Muts/Mb. Non-synonymous
mutations in TMB include point mutations (SNV), Indel
mutations and Splicing mutations, but not copy number
variations (CNV), Fusion mutations and germline mutations.
According to an official report by Foundation medicine in 2017,
TMB is divided into three categories: low TMB (1-5 muTs/Mb),
medium TMB (6-19 muTs/Mb), and high TMB (220) (17). In this
study, considering the low TMB rate in HCC, we divided TMB into
low TMB group (<5Muts/Mb) and high TMB group (> 5Muts/Mb).

TP53, TERT and other gene mutations were calculated as gene
mutation rate (%)/copy number at the DNA level.
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2.6 Treatment procedure

Immune checkpoint inhibitors (ICIs) were administered
intravenously every 3 weeks (Supplementary Table 2) and
targeted drugs were taken orally daily for 1 year or until disease
progression and intolerable adverse reactions occurred. Blood
samples were collected before each cycle of ICIs injection. Tumor
size alterations were evaluated using enhanced computed
tomography or magnetic resonance imaging every six weeks,
employing mRECIST criteria. Adverse reactions were evaluated
using the Common Terminology Criteria for Adverse Events,
version 5.0. If a grade 3/4 treatment-related adverse event
occurred, treatment was suspended and then restarted at the
discretion of two or more attending physicians.

According to the criteria of mRECIST, complete response (CR)
is characterized by the complete disappearance of all target lesions,
the absence of any new lesions, and the presence of normal tumor
markers for a minimum duration of 4 weeks. Partial response (PR)
is defined as a reduction of at least 30% in the combined maximum
diameters of all target lesions, sustained for a minimum of 4 weeks.
Stable disease (SD) is described as a reduction in the combined
maximum diameters of the target lesions that does not meet the
criteria for PR, or an increase that does not meet the criteria for
progression disease (PD). PD is defined as an increase of at least
20% in the combined maximum diameters of all target lesions, or
the appearance of new lesions.

OS was defined as the duration from the initiation of treatment
to the death of an individual due to any cause or the most recent
follow-up date. PFS was defined as the duration from treatment to
recurrence or metastasis of the disease. The ORR, encompassing CR
and PR, was established as the percentage of individuals who
achieved either CR or PR. Meanwhile, the disease control rate
(DCR), comprising CR, PR, and SD, was established as the
proportion of individuals who either achieved remission or
maintained stability during treatment.

2.7 Statistical analysis

SPSS (version 22.0) and R software (version 4.3.1) were utilized
for conducting the statistical analysis. Quantitative data that
followed a normal distribution were presented as X+S, and a t-
test was employed to compare the two groups. For non-normally
distributed quantitative data, they were expressed as [M
(P25~P75)], and the Mann-Whitney U test was used for group
comparisons. Qualitative data were presented as the number of
cases (%) and analyzed using the ” test for group comparisons.

Kaplan-Meier analysis was used to detect survival differences
between the different groups. The Cox proportional hazards
regression model was used for multivariate survival analysis, the
selected variables were utilized to create nomograms for the
prediction of 1-, 2-, and 3-year OS rates. The discriminative
power and accuracy of the model were evaluated using calibration
curves made by the “rms” and “survival” packages of R software.
The time receiver operating characteristic (tROC) curve was
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employed to determine the optimal cut-off value for prognostic
index. The “pheatmap” and “vegan “packages of R software were
used for mutation spectrum and cluster analysis, and graphs
were made.

In terms of statistical analysis, a significance level of P<0.05 was
deemed statistically significant.

3 Results
3.1 Participant characteristics

The median age of participants was 54.00 years (IQR: 48.0-
62.0), with 88.98% of them were male. O-type blood was found in
26.77% of the patients. The majority of patients (81.89%) had an
ECOG score of 0. Most participants had Child-Pugh A grade
(70.87%) and were classified as BCLC stage B (63.78%). Hepatitis
B was identified as the most common cause of HCC (79.53%), and
cirrhosis was present in 51.18% of the patients. Median serum AFP
was 229.6 ng/mL (IQR: 5.83-3021). Lymphatic metastasis was
found in 34 patients (26.77%), and microvascular invasion (MVT)
was observed in 72 patients (56.69%). 60.63% of patients had PD-L1
expression (PD-L1>1%). TMB>5Mb were existed in 33.86% of
patients. 58.27% and 54.33% of patients exhibited TERT and
TP53 mutations, respectively (Table 1).

3.2 Survival analysis

The median PFS and OS after starting targeted and
immunotherapy were 9 months and 21 months, respectively. The
ORR was 21.26%. We observed 3 patients (2.36%) achieved CR, 24
patients (18.90%) achieved PR, 48 patients (37.80%) maintained SD
and 52 patients (40.94%) were PD.

According to the Kaplan-Meier survival curve, Child-Pugh class
A versus class B (11 vs 9 mo, P=0.011), AFP< 400 ng/mL versus
>400 ng/mL(13 vs. 8 mo, p<0.001), non-MVI versus MVI (13 vs. 6
mo, p< 0.001), PD-L121% versus<1% (13 vs. 4 mo, p< 0.001), TERT
MU versus TERT WT(13 vs. 4 mo, p< 0.001), TP53 WT versus TP53
MU (13 vs. 6 mo, p< 0.001) and TMB=5Mb versus< 5Mb (13 vs.7
mo, p=0.039) remarkably prolonged the mPFS in the enrolled
individuals. Furthermore, AFP< 400ng/mL versus =400 ng/mL
(61 vs. 59 mo, p=0.004), non-MVI versus MVI (59 vs. 46 mo,
p< 0.001), PD-L121% versus<1% (59 vs. 41 mo, p< 0.001), TERT
MU versus TERT WT (59 vs. NA mo, p< 0.001), TP53 WT versus
TP53 MU (59 vs. 46 mo, p< 0.001) and TMB=5MDb versus< 5Mb (59
vs. 41 mo, p =0.001) prolonged the mOS in the whole
participants (Figure 2).

3.3 Construction of a prognostic
prediction nomogram

The univariate analysis showed that AFP< 400 ng/mL (HR 1.99,
95% CI 1.32 - 2.99, p< 0.001), non-MVI (HR 0.43, 95% CI 0.28 -
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TABLE 1 Baseline clinical characteristics of the patients.

Variable All (N=127)

Age, median (IQR), year ‘ 54.00 (48-62)

Gender
Male 113 (88.98%)
Female 14 (11.02%)

ECOG performance score

0 104 (81.89%)
1 23 (18.11%)
Blood type

non O-type blood 93 (73.23%)

O-type blood 34 (26.77%)
HBV

Absent 26 (20.47%)

Present 101 (79.53%)
Cirrhosis

Absent 62 (48.82%)

Present 65 (51.18%)

Child-Pugh class

5 40 (31.50%)
6 50 (39.37%)
7 37 (29.13%)

AFP (IQR), ng/mL 229.6 (5.83-3021)

BCLC stage
B 81 (63.78%)
C 46 (36.22%)

Lymphatic metastasis

Absent 93 (73.23%)

Present 34 (26.77%)
MVI

Absent 55 (43.31%)

Present 72 (56.69%)
PD-L1

Absent 50 (39.37%)

Present 77 (60.63%)
TMB

>5 Mb 43 (33.86%)

<5 Mb 84 (66.14%)
TERT

Absent 53 (41.73%)

(Continued)
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TABLE 1 Continued

Variable All (N=127)

TERT
Present 74 (58.27%)
TP53
Absent 61 (48.03%)
Present 66 (54.33%)

0.66, p< 0.001), PD-L1>1% (HR3.49, 95%CI 2.29 - 5.31, p< 0.001),
TMB=5Mb (HR 1.57, 95% CI 1.02 - 2.41, p=0.039), TERT MU(HR
2.52,95% CI 1.66 - 3.84, p<0.001) and TP53 WT (HR 0.49, 95% CI
0.32 - 0.73, p<0.001) were linked to longer PFS. These related single
factors were selected for multivariate analysis. The acquired data
implied that PD-L1>1% (HR 1.95, 95% CI 1.14 - 3.33, p = 0.015)
and TERT MU (HR 2.47, 95% CI 1.49 - 4.08, p<0.001) remained
independent prognostic factors for PES (Table 2).

The univariate analysis showed that AFP< 400 ng/mL (HR 3.37,
95% CI 1.47 - 7.71, p = 0.004), non-MVI (HR 0.14, 95% CI 0.05 -
0.46, p<0.001), PD-L1>21% (HR 15.11, 95% CI 4.94 - 46.20,
p< 0.001), TMB>5Mb (HR 32.49, 95% CI 3.88 - 271.96, p=0.001),
TERT MU (HR 30.45, 95% CI 6.67 - 138.99, p< 0.001) and TP53

10.3389/fimmu.2024.1358306

WT (HR 0.11, 95% CI 0.03 - 0.38, p< 0.001) were associated with
longer OS. In multivariate analysis, PD-L1=1% (HR 25.07, 95%CI
1.56 - 403.29, p=0.023), TMB2>5Mb (HR 86.67, 95% CI 4.00 -
1876.48, p=0.004), TERT MU (HR 84.09, 95% CI 5.23 - 1352.70,
p=0.002) and TP53 WT (HR 0.01, 95%CI 0.00 - 0.47, p=0.022)
remained independent prognostic factors for OS (Table 3).

We constructed a nomogram based on multivariate Cox
regression analysis to predict the 1 -, 2 -, and 3-year survival
probabilities of aHCC patients (Figure 3A). As shown in the
calibration plot, the nomogram robustly predicted PFS and OS in
aHCC patients (Figure 3B).

3.4 Construction of a prognostic
index model

Based on the expression of relevant genes and Cox proportional
hazards model, the survival prognostic index for each sample were
calculated as follows: prognostic index = (2.001xPD-L1 expression)
+ (4.3xTERT expression) - (3.149xTP53 expression) + (4.338
xTMB). The AUC values at 1-, 2-, and 3-year of follow-up were
0.91, 0.85, and 0.98, respectively (Figure 4A), indicating good
sensitivity and specificity of this prognostic index. The best cutoff
prognostic index is 1.2, dividing the patients into high-risk group

FIGURE 2

(A) Kaplan-Meier survival curves showing PFS and OS according to Child-Pugh class. (B) Kaplan-Meier survival curves showing PFS and OS according
to AFP. (C) Kaplan-Meier survival curves showing PFS and OS according to MVI. (D) Kaplan-Meier survival curves showing PFS and OS according to
PD-L1. (E) Kaplan-Meier survival curves showing PFS and OS according to TERT expression. (F) Kaplan-Meier survival curves showing PFS and OS
according to TP53 expression. (G) Kaplan-Meier survival curves showing PFS and OS according to TMB.
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TABLE 2 Univariate and multivariate cox regression analyses for PFS.

Univariate analysis

10.3389/fimmu.2024.1358306

Multivariate analysis

Variable (n=127)
HR (95%Cl) HR (95%ClI)

Age (<55y/>55y) 74/53 1.06 (0.71 - 1.60) 0.765

Sex (M/F) 113/14 1.45 (0.79 - 2.67) 0.228

ECOG (0/1) 104/23 1.03 (0.60 - 1.77) 0912

Blood type (non-O/O) 93/34 1.37 (0.88 - 2.15) 0.168

HBV (Absent/Present) 101/26 0.94 (0.56 - 1.57) 0.817

Cirrhosis (Absent/Present) 65/62 0.96 (0.64 - 1.44) 0.845

Child-Pugh class (A/B) 90/37 1.74 (1.13 - 2.68) 0.011 1.59 (0.99 - 2.57) 0.057
AFP (<400ng/ml/>400ng/ml) 71/56 1.99 (1.32 - 2.99) <0.001 1.32 (0.78 - 2.23) 0.294
BCLC stage (C/B) 81/46 1.10 (0.72 - 1.67) 0.653

Lymphatic metastasis (Absent/Present) 34/93 0.71 (0.45 - 1.12) 0.143

MVI (Absent/Present) 72/55 0.43 (0.28 - 0.66) <0.001 0.70 (0.25 - 1.97) 0.499
PD-L1 (Absent/Present) 50/77 3.49 (2.29 - 5.31) <0.001 1.95 (1.14 - 3.33) 0.015
TMB (<5/=5) 84/43 1.57 (1.02 - 2.41) 0.039 1.19 (0.75 - 1.92) 0.459
TERT (Absent/Present) 53/74 2.52 (1.66 - 3.84) <0.001 2.47 (1.49 - 4.08) <0.001
TP53 (Absent/Present) 61/66 0.49 (032 - 0.73) <0.001 0.94 (039 - 2.27) 0.884

and low-risk group. According to the Kaplan-Meier survival curve, Compared with low-risk group, high-risk group were younger
high-risk group remarkably had the shorter mPFS(13 vs. 3 mo,  (54.5vs. 53y, p=0.033), had higher AFP (33.03 vs. 29959, p< 0.001),
P< 0.001) and mOS(59 vs. 9.6 mo, p< 0.001) than low-risk  higher MVI rate (44.90% vs. 96.55%, p< 0.001), higher PD-L1

group (Figure 4B). negative rate (23.47% vs. 93.10%, p< 0.001), higher TMB< 5 Mb rate

TABLE 3 Univariate and multivariate cox regression analyses for OS.

Univariate analysis

Multivariate analysis

Variable
HR (95%Cl) HR (95%Cl)

Age (<55y/>55y) 74/53 1.16 (0.51 - 2.62) 0.729

Sex (M/F) 113/14 1.65 (0.48 - 5.68) 0.426

ECOG (0/1) 104/23 2.20 (0.83 - 5.82) 0.112

Blood type (non-O/O) 93/34 1.91 (0.79 - 4.61) 0.152

HBV (Absent/Present) 101/26 0.79 (0.27 - 2.33) 0.668

Cirrhosis (Absent/Present) 65/62 1.01 (0.45 - 2.24) 0.983

Child-Pugh class (A/B) 90/37 1.41 (0.62 - 3.19) 0.406

AFP (<400ng/ml/>400ng/ml) 71/56 3.37 (1.47 - 7.71) 0.004 1.47 (0.56 - 3.86) 0.432
BCLC stage (C/B) 81/46 0.55 (0.23 - 1.34) 0.190

Lymphatic metastasis (Absent/Present) 34/93 0.67 (0.27 - 1.63) 0.372

MVI (Absent/Present) 72/55 0.14 (0.05 - 0.46) <0.001 11.92 (0.39 - 369.05) 0.157
PD-L1 (Absent/Present) 50/77 15.11 (4.94 - 46.20) <0.001 25.07 (1.56 - 403.29) 0.023
TMB (<5/=5) 84/43 32.49 (3.88 - 271.96) 0.001 86.67 (4.00 - 1876.48) 0.004
TERT (WT/MU) 53/74 30.45 (6.67 - 138.99) <0.001 84.09 (5.23 - 1352.70) 0.002
TP53 (WT/MU) 61/66 0.11 (0.03 - 0.38) <0.001 0.01 (0.00 - 0.47) 0.022
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FIGURE 3

(A) Establishment of PFS and OS nomograms. (B) The calibration curves for predicting OS and PFS at (A) 1-year and (B) 2-year and (C) 3-year.

(58.16% vs. 96.55%, p< 0.001), higher TERT WT rate (26.53% vs.
93.10%, p< 0.001), higher TP53 MU rate (38.78% vs. 96.55%,
p< 0.001) (Supplementary Table 1), the result is consistent with

our established prognostic prediction model.
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The prognostic index level in CR/PR/SD group was
significantly higher than that in PD group (9.38 vs. 5.73, p<
0.001) (Figure 5A), CR/PR group was significantly higher than

that in SD/PD group (11.91 vs. 6.80, p< 0.001) (Figure 5C). The
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(A) Kaplan-Meier survival curves showing PFS and OS according to different combinations of treatments in high-risk group. (B) Kaplan-Meier survival
curves showing PFS and OS according to different combinations of treatments in low-risk group.

ORR of the low-risk group was 25.51% and the DCR was 72.45%.
The ORR and DCR of high-risk group were 6.90% and
13.79%, respectively.

3.5 Treatments and prognostic index

According to the 2023 CSCO guidelines, Atezolizumab +
Bevacizumab (3), Sintilimab + Bevacizumab (18), Camrelizumab
+ Rivoceranib (19) have been approved for the first-line treatment
of unresectable aHCC. Survival analyses were stratified according to
different combinations of treatments. The results showed that the
difference ICIs and targeted drugs did not affect the prognosis of
patients in the low-risk group (p>0.05), while Atezolizumab +
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Bevacizumab could obtain longer OS in the high-risk group
(12mo vs 9.2mo vs 9.6mo vs 5mo, p<0.001) (Figure 6).

3.6 Landscape of genomic alterations

In all samples, the most common mutations including TERT
(58.27%), TP53 (54.33%), ARIDIA (19.69%), FGF (18.90%),
CTNNBI (18.11%), NOTCH (17.32%), CCND (17.32%), LRPIB
(16.54%), PTEN (7.09%) and RBI (7.09%). The above 12 genes
were mapped into the gene mutation spectrum of HCC (Figure 7).
TERT, NOTCH, LRP1B and ARIDI1A were upregulated genes, while
TP53, CTNNBI, PTEN, RB1, CCND and FGF were downregulated
genes. In addition, the expression of PD-L1 was present by

LRP18 | ! Y | I |
CTNNB1
ARID1A
P53
PTEN
RB1 : |

FGF

FIGURE 7

The alteration spectrum of 127 aHCC patients, including TERT, TP53 and CTNNBL1 alterations.
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immunohistochemistry (Figure 8). The median TMB value of HCC
patients was 4.49Mb (IQR: 3.24-6) in our study. The TMB was
lower in the high-risk group than that in the low-risk group (5.7 vs.
2.9, p< 0.001).

Clinicopathological features, including age, Child-Pugh class,
MVI and AFP were associated with genomic alterations
(Supplementary Table 1). Advanced age was associated with high
TMB (40.5% vs.59.5%, p=0.004) and TERT mutation (50.0%
vs.50.0%, p=0.026), patients with type O blood more likely had
low TMB (67.1% vs.32.9%, p=0.025). MVI was more common in
patients with TP53 mutation (0.0% vs. 100.0%, p< 0.001), PD-L1
negative (10.0% vs. 90.0%, p< 0.001) and TERT WT(26.4% vs.
73.6%, p=0.001). Good liver function related to positive PD-L1
expression (80.5% vs. 19.5%, p=0.003). High AFP level was
associated with TP53 mutation (30.3% vs. 69.7%, p< 0.001),
negative PD-L1 expression (34.0% vs. 66.0%, p< 0.001), and
TERT WT (43.4% vs. 56.6%, p=0.016).

The level of PD-L1(14.41 vs. 2.04, p< 0.001), TMB (5.75 vs.
4.16, p = 0.014) and TERT (14.38 vs. 7.90, p=0.01) in CR/PR/SD
group was significantly higher than that in PD group. However, the
level of TP53 in CR/PR/SD group was significantly lower than that
in PD group (12.26 vs. 25.78, p=0.001) (Figure 5B). The same was
true in CR/PR group and SD/PD group (Figure 5D).

4 Discussion

In this study, we showed the NGS practicability in targeted and
immunotherapy in advanced HCC clinical practice. Consistent with
previous literature reports, high-frequency mutations such as TP53
and CTNNBI are closely associated with high TMB (20), and

10.3389/fimmu.2024.1358306

patients carrying TP53 neoantigens have longer OS than other
patients (21). Mutations in TERT, CTNNBI, BRD4 or MLL, as well
as co-mutations in TP53 and TERT or BRD4, were associated with
significantly worse survival (22). In addition, some studies have
shown that patients with high TMB exhibit worse OS than those
with low TMB (23). However, the above studies are from first-line
or multi-line single-agent immunotherapy, and the stratification
effect of mutation and TMB on response and prognosis in first-line
targeted and immunotherapy has not been reported. We found that
TERT mutations were associated with poor prognosis, while PD-LI,
TMB, and TP53 were associated with response to immune
checkpoint blockade in patients with advanced HCC treated with
targeted and immunotherapy.

In addition, we identified 12 genes with stratification ability for
first-line targeted and immunotherapy. These genes were mainly
involved in liver metabolic regulation and tumor immune
regulation. NOTCH, LRPIB, ARIDIA are upregulated genes,
CTNNBI, PTEN, RBI, CCND and FGF are downregulated genes.
CTNNBI mutant tumors have low immune infiltration, oncogenic
WNT signaling leading to t lymphocyte rejection (24), and are
insensitive to combination therapy with anti-PD-L1 and anti-
CTLA-4 monoclonal antibodies in vivo (25). Some studies
indicated that all carried activated CTNNBI mutations in tumor
patients have disease progression, and non-WNT pathways changes
of tumor patients were significantly more likely to respond or gain
clinical benefit from immunotherapy (14). Notch pathway
activation is associated with poor response and shorter PFS (26).
Li et al. reported that ARIDIA mutation in gastrointestinal cancer
was associated with high TMB and PD-L1 positive expression, and
speculated that ARIDIA mutation may be used as a biomarker to
identify the efficacy of immunotherapy (27). FGF3/4/19

Low-risk group

FIGURE 8

The expression level of PD-L1 in high-risk group was lower than that in low-risk group.
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amplification has also been reported as a predictive marker of
cancer highly progressive disease (HPD) in a variety of treatment
lines for HCC and other cancers (28).

Thus, these gene mutations reflect abnormal changes in
metabolism and immune regulation in HCC and are significantly
associated with response. Thus, these 12 genes constitute a panel that
can be used as predictors of response to first-line targeted and
immunotherapy. Due to the low mutation rate of most genes and
the limited number of patients, these 12 genes were not all validated in
this study, and subsequent studies should model and validate them.

The significance of this study is that most aHCC patients can be
correctly stratified according to NGS results before treatment
initiation, and patients in the high-risk group will achieve longer
survival with Atezolizumab + Bevacizumab. To the best of our
knowledge, this finding has not been previously reported. By
analyzing the relationship between clinical characteristics and
NGS results, we found that, first, advanced age was associated
with high TMB and TERT mutations. This is consistent with
previous studies showing that TMB increases significantly with
age, showing a 2.4-fold difference between age 10 and age 90 years
(29). Second, in our study, patients with O-type blood more likely to
have low TMB. A number of studies showed that HCC prognosis is
associated with blood type, patients with non-O type blood,
particularly AB-type blood, had a worse OS compared with those
having O-type blood (30). Third, MVI concentration in patients
with TP53 mutations. The mutant incidence of genes like KEAPI,
TP53, HISTIH3D, NFKBIA, PIK3CB, and WRN was higher in both
MVT and early-recurrence patients than their counterparts (31).
Fourth, a good liver function associated with PD-L1 positive
expression. The immune and metabolic microenvironment is of
great significance for the occurrence and development of HCC, and
PDI1/PD-L1, as a link in the immune response, may be involved in
the progression of chronic liver disease (32). Fifth, high AFP level is
associated with TP53 mutation. AFP was also identified as the target
gene of the p53 transcription factor (33).

This study has certain limitations. First, the number of aHCC
patients receiving first-line targeted and immunotherapy is limited,
so only 151 patients were included in this study. This limits the
ability to perform stratified analyses by mutational, amplified
sequencing, and there may be bias in a few cases. Secondly, the
number of tumor tissues obtained by puncture is limited, and the
clonal complexity of tumors cannot be fully evaluated, which affects
the authenticity of sequencing results. Third, because of single-
agent immunotherapy is inferior to combination therapy, our
overall study of targeted and immunotherapy may reduce the
stratification effect of individual mutations and the improved
overall response may mask the effect of biomarkers. Lastly, due to
our targeted assay design, which could have missed viral HBV
DNA sequences.

5 Conclusions

The high heterogeneity of HCC is a major obstacle in proposing
a standard targeted and immunotherapy strategy for aHCC.
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Therefore, the future of HCC treatment will be individualized
management. It is critical to identify driver alterations in the
genome, pathways, and tumor microenvironment in each HCC
patient. NGS is an ideal tool to aid in such personalized decision
making. With the continuous breakthrough of biotechnology, NGS
technology is likely to become more convenient and accurate,
providing a solid foundation for the selection of systemic
treatment for liver cancer and achieving more individualized
treatment. However, further preclinical studies and clinical trials
are still needed to explore the therapeutic effects of these targeted
pathways. It is difficult to obtain reproducible and reliable results
due to the complex malignant subtypes and large intra-tumor and
inter-tumor heterogeneity of liver cancer. Therefore, it is necessary
to carry out more larger sample size of global multicenter, in order
to better understand the treatment and prognosis of NGS potential.
In the future, genetic testing may become a routine procedure in the
systemic treatment of HCC.
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