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Background: Hepatocellular carcinoma (HCC) is one of the most common causes of cancer worldwide.
Although many studies have focused on oncogene characteristics, the genomic landscape of Chinese HCC
patients has not been fully clarified.

Methods: A total of 165 HCC patients, including 146 males and 19 females, were enrolled. The median
age was 55 years (range, 27-78 years). Corresponding clinical and pathological information was collected
for further analysis. A total of 168 tumor tissues from these patients were selected for next-generation
sequencing (NGS)-based 450 panel gene sequencing. Genomic alterations including single nucleotide
variations (SNV), short and long insertions and deletions (InDels), copy number variations, and gene
rearrangements were analyzed. Tumor mutational burden (TMB) was measured by an algorithm developed
in-house. The top quartile of HCC was classified as TMB high.

Results: A total of 1,004 genomic alterations were detected from 258 genes in 168 HCC tissues. TMB values
were identified in 160 HCC specimens, with a median TMB of 5.4 Muts/Mb (range, 0-28.4 Muts/Mb) and
a 75% TMB of 7.7 Muts/Mb. The most commonly mutated genes were TP53, TERT, CINNBI, AXINI,
RBI, TSC2, CCND1, ARIDIA, and FGFI19. SNV was the most common mutation type and C:G>T:A and
guanine transformation were the most common SNVs. Compared to wild-type patients, the proportion
of Edmondson grade III-IV and microvascular invasion was significantly higher in 7P53 mutated patients
(P<0.05). The proportion of tumors invading the hepatic capsule was significantly higher in TERT mutated
patients (P<0.05). The proportion of Edmondson grade I-1II, alpha fetoprotein (AFP) <25 pmg/L, and those
without a history of hepatitis B was significantly higher in CTNNBI mutated patients (P<0.05). CTNNBI
mutations were associated with TMB high in HCC patients (P<0.05). Based on correlation analysis, the
mutation of TP53 was independently correlated with microvascular invasion (P=0.002, OR =3.096) and
Edmondson grade ITI-IV (P=0.008, OR =2.613). The mutation of TERT was independently correlated with
tumor invasion of the liver capsule (P=0.001, OR =3.030), and the mutation of CTNNBI was independently
correlated with AFP (<25 pmg/L) (P=0.009, OR =3.414).

Conclusions: The most frequently mutated genes of HCC patients in China were TP53, TERT, and
CTNNBI, which mainly lead to the occurrence and development of HCC by regulating the P53 pathway,
Wnht pathway, and telomere repair pathway. There were more patients with microvascular invasion and
Edmondson III-IV grade in 7P53 mutated patients and more patients with hepatic capsule invasion in TERT

mutated patients, while in CTNNBI mutated patients, there were more patients with Edmondson I-II grade,
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AFP <25 pmg/L, and a non-hepatitis B background. Also, the TMB values were significantly higher in

CTNNBI mutated patients than in wild type patients.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the fourth most common cause of cancer-related
death worldwide (1). The occurrence and development
of HCC is mostly related to hepatitis B virus (HBV) or
hepatitis C virus (HCV) infection, excessive alcohol intake,
obesity, and rare genetic diseases (2). However, the key
driving factors for HCC development are still unclear.
Although considerable progress had been achieved in
the clinical diagnosis and treatment of HCC, patients still
have a poor prognosis (3). Further understanding of the
pathogenesis mechanism of HCC could provide effective
help for treating patients. Next-generation sequencing
(NGS) technology is a revolutionary change in traditional
sequencing methods because it can detect multiple genetic
variations with high sensitivity (4). Although many studies
have focused on oncogene characteristics, the genome
alteration map of HCC patients has not been fully clarified.
In this study we aimed to investigate the characteristics of
HCC gene mutations and its relationship with clinical related
factors by analyzing the results of gene mutation detection
by NGS in 165 patients (168 HCC tissue specimens). We
present the following article in accordance with the STROBE
reporting checklist (available at https://hbsn.amegroups.com/
article/view/10.21037/hbsn.2019.09.17/rc).

Methods
Patient envollment and sample collection

A total of 165 HCC patients who received genetic testing at
the Affiliated Hospital of Qingdao University from January
2017 to December 2018 were enrolled. There were 146
males and 19 females with a median age of 55 years (range,
27-78 years). Among them, 140 cases were HBsAg positive,
3 cases were HCVAD positive, and 1 case was positive for
both HBsAg and HCVAb. The remaining 21 cases were
negative for hepatitis virus markers. The diagnosis of HCC
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in all specimens, including 158 resected specimens and 10
liver biopsy specimens, were pathologically confirmed. The
patient information, serological test results, and pathological
characteristics of tumors were collected from the Affiliated
Hospital of Qingdao University. All patients signed a
written informed consent. The study was conducted
in strict compliance with the Helsinki Declaration and
was approved by the Ethics Committee (ethics approval
number: QDFYKYLLL-20161212).

Identification of genomic alterations, TMB, and MSI

The genomic profile was produced using the NGS-
based YuanSu'™ 450 gene panel (OrigiMed, the College
of American Pathologists (CAP) accredited and Clinical
Laboratory Improvement Amendments (CLIA) certified
laboratory, Shanghai, China) (5). The genes were captured
and sequenced with a mean coverage of 900x by using
Illumina NextSeq 500. The sequence results were further
analyzed for genomic alterations, including single nucleotide
variants (SNV), short and long insertions/deletions (InDels),
copy number variations (CNV), and structural variants
of gene rearrangement/fusion and long InDels. Tumor
mutational burden (TMB) and microsatellite instability (MSI)
were measured by an algorithm developed in-house.

Statistical analysis

Statistical analyses were performed using SPSS. Chi-square test
was used for qualitative data and 7-test was used for quantitative
data. P<0.05 was considered to be statistically significant.

Results

Characterization of genomic alterations in Chinese HCC
patients

In this study, 2 isolated tumors with different genome
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Figure 1 The mutational landscape of 168 HCC specimens. The X-axis represents each case sample and the Y-axis represents each mutated

gene. The bar graph on the right shows the mutation frequency of each mutated gene in 168 samples. Green represents substitution/Indel

mutations, red represents gene amplification mutations, blue represents gene homozygous deletion mutations, yellow represents fusion/

rearrangement mutations, and purple represents truncation mutations. HCC, hepatocellular carcinoma.

characteristics were detected in 3 patients. Based on the
experience of Duan ez 4/, these 2 tumors from 1 patient
were regarded as an independent lesion in this study (6).
A total of 1004 genomic alterations from 258 genes were
detected in 168 HCC tumors from 165 patients. The average
alteration frequency was 5.8 alterations per patient. Out of
168 HCC specimens, TMB values were calculated in 160 HCC
specimens, and the median 'TMB was 5.4 Muts/Mb (range,
0-28.4 Muts/Mb) and the 75% TMB was 7.7 Muts/Mb. MSI
was not found in this group of patients.

The most commonly mutated genes of Chinese HCC
patients were TP53 (56.5%), TERT (45.2%), CTNNB1
(22.6%), AXINT (13.7%), RBI (11.9%), TSC2 (10.7%),
CCND1I (10.7%), ARIDIA (9.5%), and FGF19 (9.5%).
The co-mutation of TP53 and TERT was detected in 54
(32.1%) patients (Figure I). Among the 1,004 genomic
alterations from 258 genes, 68.2% were SNV (685/1,004),
26.0% were CNV (261/1,004), 3.5% were short or long
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segment insertion deletions (35/1,004), and 2.3% were
gene rearrangement/fusions (23/1,004). Among 668 SNV
mutations, 580 were base pair substitutions, of which
C:G>T:A conversion (23.1%, 134/580) was the most
frequent mutation, followed by G:C>T:A conversion (18.6%,
108/580) and G:C>A:T conversion (16.4%, 95/580).

The mutations of TP53 and CTNNBI were the most
frequent SNVs. The most frequent mutation type of
TP53, CTNNBI and TERT were G:C>T:A (38.9%, 28/97),
C:G>T:A (20.9%, 9/43) and C:G>T:A (89.6%, 69/77),
respectively. Gene variation types of FGF signaling pathway
related genes and CCND1, IRS2, MYC, STK24, TNFSF13B
were all CNV.

The abnormal carcinogenic pathways in Chinese HCC
patients

According to the classification and statistical analysis of
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carcinogenic pathways, the most common affected pathway
was the P53 pathway. Out of 168 samples, 113 (67.3 %) had
P53 pathway related gene mutations, followed by 80 (47.6%)
in the Wnt pathway, 76 (45.2%) in telomere repair related
genes, 45 (26.8%) in the PI3K/mTOR pathway, 43 (25.6%)
in chromatin remodeling related pathways, and 31 (18.5%)
in cell cycle related pathway.

The correlation between TMB-H and mutated genes in
Chinese HCC patients

TMB values were calculated in 160 HCC specimens, and
we found the median TMB was 5.4 Muts/Mb (range,
0-28.4 Muts/Mb) and the 75% TMB was 7.7 Muts/Mb.
TMB values higher than 7.7 Muts/Mb were considered to
be TMB high (TMB-H), while TMB values lower than
7.7 Muts/Mb were considered to be TMB low (TMB-L).
Based on statistical analysis, the mutation frequency of
CTNNBI (35.7% vs. 18.6%, P=0.024) was significantly higher
in the TMB-H group than that in the TMB-L group, while
the mutation frequencies of TP53 (45.2% wvs. 61.9%, P=0.061)
and TERT (42.9% wvs. 47.5%, P=0.608) were slightly lower in
the TMB-H group, but the difference was not significant.

Germline mutations in Chinese HCC patients

Among the 165 Chinese HCC patients, 10 were detected
as germline variation positive, and 1 was identified with
germline variations in 2 genes. The germline variation
genes were PMS2 (twice), SDHB (twice), NBN, BARDI,
BLM, BRCA2, NF1, FANCD2, and RADS1D.

The correlation between mutated genes and
clinicopathological features

Out of 168 specimens, 51 (28.7%) were TNM stage I1I-
IV and 74 (37.8%) were BCLC stage II-11I. There were 91
cases with grade 4 hepatic fibrosis and 89 cases with grade
II-IV Edmondson classification.

Compared to patients without a 7P53 mutation, the
proportion of patients with Edmondson grade III-IV and
microvascular invasion was significantly higher in patients
with a TP53 mutation (P<0.001 and P<0.001, respectively).
The mutation of TERT was significantly correlated with
the invasion of the hepatic capsule (P=0.001). Among
the patients with co-mutations of TP53 and TERT, there
was a significantly increased proportion of patients with
Edmondson grade III-IV, hepatic capsule invasion, and

© HepatoBiliary Surgery and Nutrition. All rights reserved.

175

microvascular invasion by tumors (P=0.018, P=0.001, and
P=0.003, respectively). Among the patients with a CTNNBI
mutation, the proportion of Edmondson grade I-II,
AFP<25 pmg/L, and those without a background of hepatitis
B were higher than those without a CTNNBI mutation
(P=0.020, P=0.003, and P=0.016, respectively) (1able 1).

Logistic binary regression analysis showed that
microvascular invasion (P=0.002, OR =3.096, 95% CI:
1.528-6.273) and Edmondson grade III-IV (P=0.008,
OR =2.613, 95% CI: 1.289-5.297) were independently
associated with the mutation of 7P53. Tumor invasion of
the liver capsule (P=0.001, OR =3.030, 95% CI: 1.557-
5.899) was independently associated with the mutation
of TERT. AFP (<25 pmg/L) (P=0.009, OR =3.414, 95%
CI: 1.367-8.527) was independently associated with the
mutation of CTNNBI.

Discussion

Based on NGS technology, we constructed a genomic
profile of HCC patients in China. The most commonly
mutated genes were TP53 (56.5%), TERT (45.2%), and
CTNNBI (22.6%), which were similar to those reported
by Ahn et 4l., but different from the report of Totoki and
Schulze, where TERT was the most common mutation
(Table 2) (7-10). In this study, we analyzed the genome
variation of HCC patients in The Cancer Genome Atlas
(TCGA) database, and the results were similar to those
of Japanese and European populations. We deduced that
the etiology difference was a possible reason. There are
studies that have reported that HCV infection and alcoholic
cirrhosis (P=0.03) were the most common groups in TERT
mutated HCC patients, but not in HBV infected patients
(P<0.001) (11). In addition, studies also reported that the
mutation frequency of TP53 was higher in HCC caused by
HBYV infection than those without HBV infection (41% wvs.
16%, P<0.001), while the mutation of CTNNBI was found
more in patients without a HBV infection than those with
an infection (15% ws. 44%, P<0.001) (12).

"Tumors usually have its own unique mutation spectrum,
and the substitution frequency of different base pairs is
different. Studies have shown that C:G>T:A conversion is a
common mutation type in many solid tumors (13). G:C>T:A
conversion has been reported to be the main mutation in
HCC (14). All of these reports have supported that G:C>T:A
conversions are the most common mutations in HCC
patients, with slightly varying proportions among different
populations. According to the description by Li and
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P value
0.450
0.600
0.344

0.020
0.830
0.784
0.003
0.016
0.523
0.775

CTNNBH1
Mutant
35/3
16/22
18/18
23/14
22/16
23/14
10/28
20/18
23/15

27/11

WT
114/16
61/69
51/73
51/75
90/40
72/58
45/84
76/54
82/48

14/116

P value
0.641
0.934
0.734
0.018
0.349
0.161
0.293
0.544
0.198
0.932

TP53 + TERT
Mutant
a7/7
25/29
21/30
17/36
35/19
26/28
19/35
9/45
27/27
34/20

WT
102/12
52/62
48/61
57/53
82/32
8/46
49/63
15/99
69/45
71/43

P value
0.239
0.498
0.516
0.158
0.499

0.717
0.842
0.613
0.283
0.873

TERT
Mutant

65/11
36/40
30/41
31/42
51/25
38/38
29/47
12/64
40/36
47/29

W

84/8
41/51
39/50
43/47
66/26
56/36
39/51
12/80
56/36
58/34

P value
0.900
0.280
0.171
0.000
0.694
0.499
0.541
0.799
0.822
0.445

TP53
Mutant
84/11
47/48
35/56
31/62
65/30
51/44
37/58
13/82
55/40
57/38

11/62
41/32
48/25
38/31
43/23

Table 1 Analysis of the correlation between mutated genes and clinical characteristics
WT
65/8
30/43
34/35
43/27
52/21
43/30
31/40

Gender (male/female)

*Liver fibrosis (123/4)
*Differentiation (12/34)
Hepatitis B (without/with)
Tumor number (single/multiple)

TNM (12/34)
Tumor size (<5/>5 cm)

Characteristic
Age (<55/=55)
BCLC (01/23)
AFP (<25/225 ng/L)
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0.449
0.384

16/35 0.001 60/64 20/16
58/62 14/21

15/36

64/45
57/47

55/34 25/46 0.001
28/42

44/41

0.264
0.000

42/49
29/60

Hepatic capsule (without/with)

0.003

0.144

*Microcarcinoma suppository

(without/with)

*, a small amount of data is missing.
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Mao (15), G conversion (G>A, G>T, G>C) is common in
HCC patients. In this study, the proportion of G conversion
was 38.8% (225/580), which further confirmed that the
most common mutation in Chinese HCC patients was G
conversion. The C:G>A:T conversion seemed to occur
more commonly in HBV-related HCC than in HCV-
related HCC (16), even though there were limited C:G>A:T
conversions in this study. Therefore, it was not possible to
further explore relevant factors.

In this study, mutations in different carcinogenic
pathways of HCC patients were obtained. However, due to
the lack of sample information used for calculating the exact
mutations in different carcinogenic pathways, we failed to
compare mutated pathway information with the TCGA
database. In Chinese HCC patients, the most common
mutations were P53 pathway related genes, followed by
the Wnt pathway, telomere repair pathway, PI3K/mTOR
pathway, chromatin remodeling related pathways, and cell
cycle related pathways. Mutations in these carcinogenic
pathways are also commonly reported in many other studies
on HCC among different populations (7able 3) (7-9).
However, mutations in the P53 pathway, telomere repair,
and Wnt pathway related genes are the most common
in all studied populations, which indicates the common
occurrence and development of HCC in all populations.

TMB is defined as the number of somatic mutations,
including point mutations and insertion deletions, within
an average of 1 Mb in the sequenced cancer genome. It is
becoming one of the important parameters used to predict
the sensitivity of immunologic checkpoint inhibitors (17).
For example, according to a report by Rizvi, the top quartile
of the number of mutations, no less than 178 mutations,
was considered as TMB high (18). Johnson found that
high TMB (45.6 vs. 3.9 Muts/Mb in PD-L1 response/non-
response patients, respectively), was associated with high
sensitivity to PD-1 or PD-L1 immunotherapy strategies
in non-small cell lung cancer and melanoma (19). Shrestha
et al. reported that the overall prognosis of HCC patients
with TMB-H (defined as a quantity of mutations one
standard deviation above the average for the dataset) was
significantly worse than that of patients with TMB-L
(defined as a quantity of mutations one standard deviation
below the average for the dataset) (20). TMB could be
used as a biomarker to select immunotherapy for HCC
patients. In this study, the mutation frequency of CTNNBI
in patients with TMB-H (>7.7 Muts/Mb) was significantly
increased. This is the first report of the correlation between
CTNNBI and TMB-H in HCC. However, its mechanism
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Table 2 Comparison of gene mutational frequencies in different ethnicities
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Gene Korean (7) (n=231) (%) Japanese (8) (n=503) (%) European (9) (h=243) (%) TCGA (n=366) (%) Chinese (n=168) (%)
TP53 32 31 24 33 57
TERT 23 55 60 44* 45
CTNNBT1 23 31 35 27 23
AXINT 7 6 11 8 14
RB1 8 4 4 11 12
TSC2 NA 5 5 5 11

*, The TCGA database was sequenced by WES and TERT promoter mutations were not detected; 196 cases of Sanger sequencing results

of TCGA database by David A. Wheeler et al. (10).

Table 3 Comparison of mutational frequencies of signal pathway-related genes in different ethnicities

Pathway Korean (7) (n=231) (%)  Japanese (8) (n=503) (%) European (9) (n=243) (%) Chinese (n=168) (%)
P53 pathway 37 72 49 67
Telomere repair NA 68 60 45
Wnt pathway 37 66 54 48
PI3K /mTOR pathway NA 45 51 27
Cell cycle 22 NA NA 18
Chromatin remodeling 34 67 28 26

NA, TCGA database does not have mutation information.

still needs further study. MSI, dysregulated by the mismatch
repair (MMR) system, was first found in hereditary non-
polyposis colorectal cancer, and has been involved in the
pathogenesis of a variety of gastrointestinal cancers and
other cancers (21). The detection rate of MSI-high (MSI-H)
in colorectal cancer is about 15-20% (22). There are few
reports of MSI-H status in HCC patients. Goumard er al.
analyzed MSI in 164 HCC specimens, but did not find a
specimen with an MSI-H phenotype (23). Here, we also did
not find any MSI-H phenotypes in Chinese HCC patients.
Fabrizio ez 4l. identified the TMB and MSI in 6,004 paraffin
specimens of colorectal cancer. The detection rate of MSI-H
status was 5.0%, and the distribution range of TMB was
0-746.9 Muts/Mb, with a median of 4.5 Muts/Mb. There
was a significant correlation between MSI-H status and
TMB-H (>11.7 Muts/Mb) (P<0.0001) (24). In this study, the
distribution of TMB in HCC ranged from 0.0 to 28.4 Muts/
Mb, with a median of 5.4 Muts/Mb. Compared to colorectal
cancer, HCC has the characteristics of centralized TMB
distribution, small dispersion, and microsatellite stability.

As we know, TP53 is a tumor suppressor gene which can
inhibit the occurrence and development of cancer. Calderaro
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et al. reported that TP53 mutations are associated with poor
tumor differentiation (OR =6.41, P<0.001) and microvascular
invasion (OR =2.03, P=0.02) (25). Consistent with previous
studies, the mutation of 7P53 in Chinese HCC patients was
independently correlated with poor biological characteristics
of tumors such as Edmondson grade III-IV and microvascular
invasion. In this study, TERT was the second most commonly
mutated gene. Except for the invasion of the liver capsule
by tumors, there was no significant correlation between the
mutation of TERT and age, sex, size of tumors, number of
tumors, microvascular invasion, differentiation tumor grade,
or TNM stage. This result is consistent with the report of
Lee er al. (26). This suggests that TERT gene mutations
are not easily expressed in the biological characteristics of
tumors, which may be related to the fact that the mutation
of TERT is an early step in the development of HCC (27).
In addition, we found that 7P53 was highly correlated with
TERT, and that co-mutations of TP53 and TERT occurred
in 32.1% (54/168) of patients. Moreover, the co-mutation
of TP53 and TERT was more likely to occur in patients with
Edmondson grade III-IV, invasion of the hepatic capsule, and
microvascular invasion.
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As a key gene in the Wnt/beta-catenin signaling pathway,
CTNNB1I is one of the most common mutations in HCC in
most populations. The mutation of CTNNBI was reported
to be significantly correlated with age in populations
less than 60 years old (P=0.019) with moderately/poorly
differentiated HCV-related HCC (P=0.015) (28). Cleary
et al. also reported that CTNNBI mutations were more
common in HCV-related HCC than HBV-related HCC
(37.5% ws. 62.5%, P=0.038) (29). Similarly, we found that the
mutation frequency of CTNNBI in HBV-infected patients
was lower than that in non-HBV-infected patients (P=0.021).
Also, the proportion of Edmondson grade I-1I, AFP
<25 pmg/L, and those without a background of hepatitis B
was higher in the patients with a CTNNBI mutation than
those without a CTNNBI mutation, indicating that the
mutation of CTNNBI was associated with better clinical
characteristics. Additionally, in HCC cases with CTNNB1
mutations compared to those without mutations, Cleary ez
al. observed a lower recurrence rate (12.5% vs. 49.3%) and
a prolonged disease-free survival (29), which is similar to
the results of this study and also supports the inference that
CTNNBI mutations are related to a better prognosis.

The limited number of samples coming only from a single
center is a shortcoming of this study. For future studies we
will collect multi-center samples and try to describe the
genomic alteration map of Chinese HCC patients.

In conclusion, the most common mutations were TP53,
TERT, and CTNNBI in Chinese HCC patients. The
mutation frequency of TERT in Chinese HCC patients
was different from that in European, and Japanese patients.
The main mutation forms were SNV being C:G>T:A
conversion and guanine conversion. The P53 pathway,
Wnht pathway, and telomere repair pathway were the most
mutagenic carcinogenic pathways in the development
of HCC. The proportion of microvascular invasion and
Edmondson III-IV grade was higher in HCC patients with
TP53 mutations. The proportion of tumors invading the
hepatic envelope was higher in HCC patients with TERT
mutations. The proportion of Edmondson I-II grade, AFP
<25 pmg/L, and a non-hepatitis B background, as well as a
higher TMB value, was found to be higher in HCC patients
with CTNNBI gene mutations.
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