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Abstract: Circulating tumor DNA (ctDNA) carries genetic information consistent with tumor cells and has potential 
value for molecular diagnosis of tumors. The present study analysed the gene mutations of plasma circulating 
cell-free DNA (cfDNA) and tumor tissue DNA in hepatocellular carcinoma (HCC) patients and explored the clinical 
application value of plasma cfDNA as a tumor marker in HCC molecular diagnosis. Samples from 29 patients with 
primary HCC were collected. Hotspot mutations in 50 tumor-associated genes were analysed using amplicon se-
quencing technology and gene loci with a mutant allele frequency (MAF) >1% were analysed. 35 mutant genes in to-
tal were detected by deep sequencing method of which the genes with maximum mutation frequencies were TP53, 
ATM, and ALK. In addition, a total of 21 patients were found to have a consistent gene mutation in plasma cfDNA 
and tumor tissue DNA and 17 cases had consistent gene mutations in the paracancerous tissue and tumor tissue 
DNA. Further analysis showed that the MAFs in the TP53, CTNNB1, PIK3CA, and CDKN2A genes were higher in pa-
tients with tumor diameters >5 cm than those with tumor diameters <5 cm. And the MAFs in the TP53, RET, FGFR3 
and APC genes were significantly higher in patients with multiple tumors or with metastasis than in single tumor 
patients. In conclusion, amplicon sequencing technology is highly sensitive for the detection of mutant genes in the 
plasma cfDNA of HCC patients. Plasma cfDNA might be an effective molecular marker for HCC molecular diagnosis. 
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Introduction 

Primary hepatocellular carcinoma (HCC) is one 
of the most common malignancies worldwide 
and affects more than 700,000 individuals 
annually, thereby representing the second lead-
ing cause of tumor-related deaths after lung 
cancer [1-3]. HCC has complex pathogenic fac-
tors, a hidden onset, and atypical clinical symp-
toms. Therefore, some patients are diagnosed 
at an advanced stage of the disease and lose 
the chance for surgical treatment [4, 5]. 
Surgical treatment combined with immunother-
apy and molecular-targeted therapy has been 

highly recognized as a comprehensive treat-
ment model for HCC, which is the future devel-
opment direction of HCC treatment [6, 7]. Tu- 
mor-targeted therapy is based on the precise 
molecular pathology of individual tumors. How- 
ever, currently, there is no effective marker for 
the molecular diagnosis of HCC, while new and 
effective markers are essential to improve the 
early diagnosis of HCC [8]. In addition, the clini-
cal study of targeted drugs for HCC has shown 
that the molecular pathological diagnosis of 
tumors is valuable in optimizing patient selec-
tion and improving the success rate of targeted 
drugs in clinical studies.
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Similar to most malignancies, the development 
of HCC is accompanied by genetic and epige-
netic variations. The application of high-th- 
roughput sequencing technology has reveal- 
ed a plethora of information related to HCC 
pathogenesis such as gene mutations, copy 
number variations and methylation modifica-
tion abnormalities and these pathogenesis 
suggest some potential molecular markers for 
the diagnosis and prognosis of HCC [9-13]. 
Moreover, some clinical studies on the targeted 
treatment of HCC have showed that tumor 
molecular pathology could guide the selection 
of appropriate targeted drugs for patients to 
improve the success rate of treatment, reduce 
the cost and decrease side effects. But the 
molecular diagnosis of HCC is a challenge be- 
cause conventional puncture biopsy is easily to 
increase the risk of tumor metastasis while tis-
sue puncture biopsy can not sufficiently reflect 
the tumor heterogeneity. The detection of circu-
lating cell-free DNA (cfDNA) can overcome the 
limitations of tissue puncture and has potential 
application value in the diagnosis and monitor-
ing of multiple solid tumors. cfDNA is primarily 
released from apoptotic and necrotic cells and 
can be detected at an early stage of tumor 
development. The cfDNA levels in tumor pa- 
tients are significantly higher than those in 
healthy individuals. Thus, cfDNA might replace 
the tumor biopsy and become an important 
marker in the molecular diagnosis of tumors 
[14-17].

Molecular diagnosis of liver cancer gene muta-
tions is the basis of targeted therapy, however, 
there is currently no useful markers for the 
molecular diagnosis of liver cancer. The detec-
tion of mutant genes in a tumor can be effi-
ciently utilized to explore the molecular mark-
ers. Whole-genome sequencing and all-exon 
sequencing can provide additional comprehen-
sive information regarding tumor gene muta-
tions. But these strategies need higher se- 
quencing costs, require large samples and 
have long detection periods. By contrast, the 
detection of plasma cfDNA has features includ-
ing small initial sample size and short study 
cycle for targeted gene detection. 

In this study, we detected mutant genes in com-
mon tumor hotspots by the amplicon sequenc-
ing technique and targeted amplicon sequenc-
ing of gene mutations in the plasma cfDNA and 

tumor tissue DNA of HCC patients to investi-
gate the clinical value of plasma cfDNA as a 
tumor marker in HCC molecular diagnosis.

Materials and methods

Research subjects

Samples were collected from 29 patients 
enrolled in the Hepatobiliary Surgery Depart- 
ments of Peking Union Medical College Hospital 
and Henan Provincial Cancer Hospital. All the 
patients, 24 males and 5 females with an aver-
age age of 57 (45-79) years, were diagnosed 
with primary HCC by imaging and histopatho-
logical examination. They were of Han national-
ity and without diabetes, hypertension, heart 
disease or autoimmune diseases. The plasma 
samples and peripheral white blood cells were 
collected 1 day before surgery. Tumor tissue 
specimens and paired specimens that were 
approximately 2 cm outside of the edge of the 
tumor were freshly resected during surgery and 
immediately preserved in liquid nitrogen. All the 
participants provided written informed con- 
sent.

Sample processing

Tumor tissue and paracancerous tissue blocks 
were obtained from the surgically resected 
specimens. The tissue specimens were collect-
ed and cryopreserved in liquid nitrogen and 
transported on dry ice at an ultra-low tempera-
ture. Peripheral venous blood samples of 2-3 
mL were drawn from the patients on the day 
before surgery and were centrifuged at 1600 g 
for 10 min at 4°C to separate the plasma from. 
Then upper plasma layer was transferred to a 
new tube at 1 mL/tube (the blood cells were 
removed) and was centrifuged again at 16,000 
g for 10 min at 4°C to remove the protein, after 
which it was transferred to a new tube and sub-
sequently cryopreserved with fewer blood cells.

DNA extraction and library construction

The tissue DNA was extracted using the BioTeke 
Tissue DNA Extraction Kit (Cat# AU19011, 
BioTeke Corporation, Beijing, China) and a 
nucleic acid automatic extractor. The free DNA 
in plasma was isolated by a magnetic bead 
method using the Beaver Beads™ Circulating 
DNA Kit (Cat# 70404-100, Suzhou, China). The 
DNA extracted from tumor tissue, paracancer-
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ous tissue, and peripheral blood mononuclear 
cells (PBMCs) was quantified using the Qubit® 
dsDNA BR Assay Kit (Q32850, Thermo Fisher 
Scientific Co., MA, USA). The cfDNA extracted 
from the plasma was quantified using the 
Qubit® dsDNA HS Analysis Kit (Q32851, Thermo 
Fisher Scientific, MA, USA). A library was con-
structed using the GeneCast Kit (GeneCast 
Biotechnology Co., Beijing, China). The pre-
pared amplicon library was quantified using the 
Qubit method as described above, and the size 
distribution and concentration of the amplicon 
fragments in the library were assessed using 
an Agilent Bioanalyzer 2100 instrument and 
the Agilent High Sensitivity DNA Kit. Based on 
the quantitative results, the libraries were 
mixed at the same concentration ratio (10 ng of 
each sample) to ensure the identical rates of 
coverage of the different samples in parallel 
sequencing. After mixing the library, we used 
the Agilent Bioanalyzer instrument to identify 
the fragment size of the hybrid library (approxi-
mately 280 bp in every library) to ensure library 
consistency. The Illumina HiSeq X Ten sequenc-
ing platform was used for the high-throughput 
sequencing.

further analyses were conducted for these 
sites and their genes:

Step 1: Comparison of the mutation trend of 
different genes, i.e., analysis of the mutant 
genes and mutation load rates in tumor tissue 
DNA, paracancerous tissue DNA and plasma 
cfDNA.

Step 2: Identification of valuable mutation 
sites/genes and comparisons of DNA muta-
tions in tumor tissue, paracancerous tissue, 
blood cell samples and plasma samples. These 
mutations were divided into the following four 
categories: (1) The frequency of mutations was 
higher in the blood cell samples but lower or 
negative in tumor tissue, paracancerous tissue 
and plasma DNA indicating this mutation was 
not related to the tumor formation. (2) The 
mutation exhibited a higher frequency in tumor 
tissue and/or paracancerous tissues and a 
lower frequency in blood cell DNA and free 
DNA; such mutations may be tumor-related and 
were further analysed in the present study. (3) 
That the mutation frequency was higher in 
tumor tissue, paracancerous tissue and plas-
ma DNA and lower or 0 frequency in blood cell 

Table 1. Clinicopathological features of HCC patients

Clinical features Grouping
Number of cases
n=29 %

Age (median, range) 57 (45-79) years 29 100
Gender Male 24 82.8

Female 5 17.2
HBsAg* (+/-) + 22 75.9

- 7 24.1
ALT (IU/L) >80 3 10.3

≤80 26 89.7
AFP, ng/mL >20 14 48.3

≤20 15 51.7
Cirrhosis (with/without) With 16 55.2

Without 13 44.8
Maximum diameter of tumour (cm) ≥5 14 48.3

<5 15 51.7
Number of tumour nodules (s) 1 24 82.8

>1 5 17.2
BCLC staging A 15 51.7

B 9 31
C 5 17.3

*HBsAg: hepatitis B surface antigen, ALT: alanine aminotransferase, AFP: alpha-
fetoprotein, BCLC: Barcelona clinic liver cancer.

Bioinformatics analysis and 
data filtering

The original data of the FASTQ 
file were sequenced for bioin-
formatics analysis and data fil-
tering sequencing to verify the 
sample sequence, mutation 
sites, and calculate the mutant 
allele frequency (MAF). First, for 
each sample, the FASTQ se- 
quencing files were compared 
to the human genome sequence 
(hg19) using BWA (Burrows-
Wheeler Aligner, version 0.7.12) 
sequence alignment software. 
Subsequently, the data were fil-
tered using Picard tools to gen-
erate SAM files and reordered 
using Samtools (version 1.3). 
The SAM files for all the sam-
ples were then subjected to sin-
gle nucleotide polymorphism 
(SNP) processing to obtain in- 
formation regarding single nu- 
cleotide mutations. The follow-
ing functional annotation and 
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DNA as well as which showed a small number 
of free tumor DNA fragments in the plasma 
tumor-related mutation analysis while almost 
all the blood cells are normal cells were the 
types that were further analysed in the present 
study. (4) The mutations exhibiting a low or 0 
frequency in the tumor tissue DNA and blood 
cells but a high frequency in paracancerous tis-
sues and plasma cfDNA might reflect a muta-
tion in the plasma DNA that originated from 
tumor tissue but was not expressed in it 
because of limitations in the material. This type 
of mutation might be involved in tumorigenesis 
and was further analysed in the present study.

The mutations of types (2), (3) and (4) were fur-
ther followed up and analysed. 

Statistical analysis 

Plots were constructed using GraphPad Prism 
6 (La Jolla, CA, USA), and the statistical analy-
sis was performed by SPSS 22.0 (Chicago, IL, 
USA) software. The normality test was per-
formed to the counting data and the normally 
distributed data were expressed as the means 
± standard error (SE). Student’s t-test was us- 
ed to compare the differences between the 
groups. While the non-normally distributed 
data were presented as the means ± quartile 
spacing or the median. Comparisons between 
the groups were performed using the Mann-
Whitney U test and the counting data were test-
ed using Fisher’s exact test. P<0.05 was con-
sidered statistically significant. 

Results 

Clinicopathological features of HCC patients 

Twenty-nine eligible patients with HCC were 
enrolled in this study (Tables 1 and S1). The 
patients were aged 45-79 years (median age 
57 years) and primarily were males (82.8%). A 
majority of the patients presented hepatitis 
B-related HCC (75.9%) and more than a half of 
the patients had a history of cirrhosis (51.7%). 
Table 1 illustrates that only 48.3% (14/29) of 
the HCC patients were alpha-foetoprotein 
(AFP)-positive (>20 ng/mL) and that nearly a 
half of the patients (48.3%) had a tumor diam-
eter >5 cm. According to Barcelona Clinic Liver 
Cancer (BCLC) liver staging criteria, 15 patients 
(51.7%) were categorized to stage A while 14 
(48.3%) patients to stages B and C in this study. 

Quality control of the amplicon sequencing

In the present study, 50 tumor-associated high-
frequency mutations were detected in 29 HCC 
patients using amplicon sequencing technolo-
gy. First, the sequencing data were subjected 
to a quality control analysis which scored the 
sequencing of each base position in the frag-
ment, the A/T/C/G four-base distribution at 
each nucleotide position, the read length of the 
fragment and the depth of sequencing (Figure 
1). The results of the nucleotide position se- 
quencing showed satisfactory consistency with 
the sequencing data (Figure 1A), suggesting 
that the specimens were homogeneous and did 
not produce a significant bias in the construc-
tion of the database. In addition, the G/C and 
A/T distributions were not uniform in the 1-4 bp 
region of the sequencing reads, and the A/T/
C/G nucleotides of the remaining base posi-
tions were evenly distributed (Figure 1B). The 
length of the sequencing fragment was normal-
ly distributed with an average of 150 bp (Figure 
1C). The depth analysis of the sequencing data 
showed that the average sequencing depth of 
the plasma cfDNA samples was >4000×, and 
the average sequencing depths of the tissue 
DNA and PBMC DNA samples were >6000× 
each (Figure 1D).

Detection of HCC-related mutant genes using 
amplicon sequencing 

To clarify the mutation spectrum of the com-
mon tumor-related genes in tumor tissue, par-
acancerous tissue, and plasma cfDNA in HCC 
patients, we performed amplicon-depth se- 
quencing using an amplicon sequencing kit 
containing 50 common tumor mutations. The 
results showed that single nucleotide muta-
tions (SNVs) as well as synonymous and non-
synonymous mutations were the most common 
mutation types, followed by partial insertions/
deletions (Indels) and termination mutations 
(Figure 2 and Table S2). In the 29 cases, the 
number of mutant genes detected in the tumor 
tissue DNA, paracancerous tissue DNA, and 
plasma cfDNA respectively were 35, 33 and 50 
of which TP53 had the highest mutation fre-
quency. The comparative analysis of the mutant 
genes revealed that the mutation spectrum of 
the tumor tissue DNA in HCC patients was simi-
lar to that of the paracancerous tissue DNA, in 
contrast, the number of gene mutations in the 

http://www.ajtr.us/files/ajtr0084136suppltabs.xlsx
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Figure 1. Representative results for quality control analysis of the data from amplicon sequencing. A. Sequencing 
quality control score of each base position in the sequencing fragment (yellow represents the quartile spacing, the 
red line represents the median, and the blue line represents the average); B. A/C/T/G four-base distributions in 
each base position of the sequencing fragments; C. Size distribution of the sequencing fragments; D. The average 
sequencing depth analysis of all the samples. 

Figure 2. Summary results of amplicon sequencing detection of driver gene mutations for all paired samples (n=29). 
Different color indicates different mutation type in each sample, including tumor tissue (Tumor), paracancerous tis-
sue (Peritumor), and plasma cfDNA for HCC patients.
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Figure 3. Detailed information of tumor-associated somatic mutations in tumor tissue from HCC patient. A. The num-
ber of mutant genes in the tumor tissue of the HCC patients (No mutations were detected in patient No. 10; Patient 
No. 27 was not assessed, possibly due to the necrosis of tumor tissue); B. The mutation frequency of the genes 
in tumor tissue from each specific patient; C. The gene mutation spectrum and mutation allele frequency (MAF) in 
tumor tissues from each specific patient (different colour indicates different mutation allele frequency).
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plasma cfDNA was significantly higher. More- 
over, there were some mutations detected in 
the plasma cfDNA but without in the tumor and 
paracancerous tissues (Figure 2). 

Somatic mutations in tumor tissue detected by 
amplicon sequencing

In this study, 2800 COSMIC hotspots in 50 
high-frequency mutations in tumor genes 
including TP53, PIK3CA, CTNNB1, PTEN, and 
other HCC-related genes were examined using 
amplicon deep sequencing technology. The 
DNA from 29 HCC tumor tissue samples was 
extracted and sequenced and 28 of them were 
obtained excluded one failure of library con-
struction. The results showed the differences 
in the mutation spectra of the tumor tissues in 
different HCC patients. The number of mutant 
genes was ranged from 0 to 18 and there was 
1 case detected no mutation (1/28, 3.6%) 
(Figure 3A). In the remaining 27 patients 
(27/28, 96.4%), 35 mutant genes in total were 
detected, of which 28 genes were detected in 
at least 2 patients (Figure 3B) and 7 genes 
were detected in only 1 patient. High-frequency 
mutant genes detected in the HCC tumor tissue 
samples were TP53, ATM, ALK, NPM1, CSF1R, 
KIT, ERBB4, SMAD4, FBXW7, and PTEN genes 
(Figure 3B), with mutation frequencies of 50% 
(14/28), 39% (9/28), 36% (11/28), 36% 
(10/28), 36% (10/28), 32% (9/28), 32% (9/28) 
28), 29% (8/28), and 29% (8/28), respectively. 
In addition, the MAF of the same gene in differ-
ent patients was variable. For example, the 
TP53 MAF was ranged 1.57-97.81% in different 
patients (Figure 3C). CTNNB1, another highly 
common driving gene in HCC, had an MAF rang-
ing 23-45%. Notably, TP53 gene mutation was 
not detected in the 4 patients with CTNNB1 
mutations. 

Consistent gene mutations detected in the 
plasma cfDNA and tumor tissues of the HCC 
patients 

After confirmation of the sensitivity of the 
amplicon-depth sequencing, we analysed the 
consistency of mutant genes in the plasma 
cfDNA and the tumor tissue of the HCC patients 

and results showed there were some gene 
mutations in common. Among 28 HCC patients, 
a total of 19 consistent mutations were detect-
ed both in tumor tissue DNA and plasma cfDNA 
samples in 21 patients. The mutation frequen-
cies TP53, PDGFRA, and KIT genes was the 
highest accounting for 33% (7/21), 24% (5/21), 
and 19% (4/21) respectively in plasma cfDNA 
and tumor tissue DNA (Figure 4C). The sensitiv-
ity of the mutation detection in plasma cfDNA 
was 75% (Figure 4A, 4B). Then, further analysis 
of MAFs of mutant genes in the plasma cfDNA 
and tumor tissue revealed that the MAF of 
mutant genes in the plasma cfDNA was 80.9% 
which was close to the MAF of the paired tumor 
tissue. Additionally, TP53, PDGFRA, and KIT 
which had the highest mutation frequencies 
among the mutant genes, exhibited high MAFs 
in HCC tissues. Moreover, 19.1% of the genes 
had inconsistent MAFs in plasma cfDNA and 
the paired tumor tissue DNA (Figure 4C). 

Besides, 7/28 (25%) patients had inconsistent 
gene mutations in the preoperative plasma 
cfDNA and tumor tissue (Figure S1). In the plas-
ma cfDNA, commonly mutated genes were 
RB1, KRAS, CDKN2A, FGFR2, ERBB2, NOTCH1, 
NRAS, and JAK2, a majority of which had lower 
MAFs (<5%). 

Common gene mutations in tumor/paracan-
cerous tissue and plasma cfDNA 

Besides tumor cells, there were a large number 
of activated tumor-related stromal cells and the 
infiltration of immune cells in HCC paracancer-
ous tissues, which provide the ‘soil’ for tumor 
cell proliferation. Therefore, in this study, we 
conducted a preliminary analysis of the gene 
mutation in paracancerous tissues. The com-
parative analysis of gene mutations in paired 
tumor and paracancerous tissues of 28 pa- 
tients revealed that 17/28 (61%) had consist-
ent gene mutations (Figure 5A). Among these 
genes, a total of 16 mutant genes were in com-
mon in the tumor tissue DNA and paracancer-
ous tissue DNA, in which the rate of mutant 
genes respectively were 70% and 80% (Figure 
5B). Next, the mutant genes in the tumor/par-

Figure 4. Consistent mutant genes in the plasma cfDNA and tumor tissues in the HCC patients. A, B. The number of 
cases with consistent and inconsistent gene mutations in paired tumor tissue and cfDNA along with the proportion 
of patients; C. Detailed information of consistent mutant genes and MAF detected in the tumor tissue and cfDNA 
from each specific patient.
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Figure 5. Consistent mutant genes in the plasma cfDNA, tumor tissue DNA, and paracancerous tissue DNA of the HCC patients. A, B. The number of consistent and 
inconsistent mutant genes in the tumor tissue and paracancerous tissues from the HCC patients and the ratio of total mutant genes; C. The consistent gene muta-
tion spectrum and MAFs detected in plasma cfDNA, tumor tissue and paracancerous tissues of HCC patients.
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acancerous tissues were compared with those 
in the plasma cfDNA. The results demonstrat-
ed that 14/28 (50%) patients had completely 
consistent gene mutations in their plasma 
cfDNA with those in the tumor/paracancerous 
tissues (Figure 5C), including the mutations of 
PDGFRA, KIT, NPM1, HRAS, TP53, and PIK3CA. 

Relationship between preoperative plasma 
cfDNA concentration and the clinical charac-
teristics of the HCC patients 

It is known that the plasma cfDNA concentra-
tion varies from the different extraction meth-
ods and nucleic acid quantitation methods and 
the cfDNA of the tumor cells is primarily ob- 
tained from the small fragments of 80-200 bp. 
In this study, the plasma cfDNA was extracted 
by the two-step magnetic method and small 
fragments of 200 bp were enriched in the plas-
ma. The quantitative analysis of the plasma 
cfDNA showed a significant difference in con-
centrations ranging 1.5-62.02 ng/mL in differ-
ent patients and the median was 5.39 ng/mL 
(Table 2). In addition, there was no significant 
correlation was not observed between the plas-

ed the MAF of ctDNA within cfDNA and further 
analysed the relationship between MAF of 
ctDNA and the tumor load in the HCC patients. 
The MAF of several HCC-related high-frequency 
genes and the maximal diameter of the tumor 
were recorded. 23 patients with single-episode 
tumors were divided into two groups according 
to the tumor size: 11 patients with tumor diam-
eters greater than 5 cm (D>5 cm) and 12 
patients with tumor diameters of less than 5 
cm (D<5 cm). the correlation analysis showed 
an increasing trend of the plasma ctDNA levels 
in the D>5 cm group compared with the D<5 
cm group (Figure 6A), however, this difference 
was not statistically significant (Figure 6B, 
P>0.05, Student’s t-test). 

Correlation analysis between plasma cfDNA 
levels and tumor number in the HCC patients

Clinically, it is challenging to assess the tumor 
volume and minimal residual tumors in patients 
with multifocal tumors and metastasis. In this 
study, the HCC patients were divided into single 
tumor group and multiple tumor or concomi- 
tant metastasis group, and the MAF values of 

Table 2. Correlation analysis of the preoperative plasma cfDNA concen-
tration and the clinicopathological features of the HCC patients

Clinical characteristics of patients Grouping
Plasma cfDNA  
concentration  

(median ± IQR*, ng/mL)

P- 
valuea

Age - 5.39 -
Gender Male 5.15±17.60 0.271

Female 27.33±50.61
HBsAg + 9.86±17.09 0.282

- 2.90±8.17
ALT (IU/L) >80 11.47±19.46 0.909

≤80 5.40±22.58
AFP (ng/mL) >20 9.08±19.00 0.921

≤20 4.85±26.63
Cirrhosis (with/without) With 6.7±19.80 0.914

Without 5.15±22.43
Maximum diameter of tumour >5 5.64±17.36 0.490

≤5 3.79±24.53
Number of tumour nodules (s) 1 5.40±22.58 0.732

>1 12.50±17.41
BCLC staging A+B 4.47±20.87 0.521

C 9.86±45.06
*IQR: interquartile range, acomparison between groups according to the Mann-Whitney 
U test. HBsAg: hepatitis B surface antigen, ALT: alanine aminotransferase, AFP: alpha-
foetoprotein.

ma cfDNA concentration 
and the general charac-
teristics of the patients 
or the size, number, or 
staging of the tumor. 

Correlation analysis 
between the MAF of 
plasma circulating tumor 
DNA (ctDNA) and tumor 
diameter in the HCC pa-
tients 

The above studies show- 
ed that the plasma cf- 
DNA concentration was 
not significantly correlat-
ed with the clinicopatho-
logical features of the 
patients. Moreover, it is 
known that cfDNA can  
be released from all 
cells, therefore, we ass- 
umed the circulating tu- 
mor DNA (ctDNA) levels 
within the free DNA were 
the true reflection of the tu- 
mor cells. We determin- 
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mutant genes in the plasma cfDNA of both 
groups were analysed. The results showed that 
the MAFs of TP53, RET, APC and FGFR3 were 
significantly higher in patients with multiple 
tumors or HCC with tumor metastasis than in 
patients with single-tumor HCC (Figure 7). 

Discussion

The present study showed that the amplicon 
sequencing technique could be used to detect 

tumor-related gene mutations in plasma cfDNA. 
This high-throughput and low-cost detection 
method is suitable for the routine clinical 
screening of molecular markers. In our study, 
the sensitivity of detecting mutant genes in 
plasma cfDNA was relatively high, even an MAF 
<1% was also detected. The consistency of 
gene mutation detection in the paired tumor 
tissues reached 75%, whereas in a previous 
whole-genome sequencing study, the sensitivi-
ty of the plasma cfDNA mutant gene detection 

Figure 6. Correlation between tumor-associated mutations detected in cfDNA and tumor size in HCC patients. A. 
The general MAF levels of plasma ctDNA in each specific patient with different tumor diameters; B. The MAF levels 
of TP53, PIK3CA, CTNNB1, and CDKN2A genes were found moderately higher in patients with large tumor nodule 
(diameters >5 cm), but not statistically (P>0.05 for all genes, Student’s t-test).
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was only 63% [18]. These data further con-
firmed the applicability of the amplicon 
sequencing technique and therefore, the detec-
tion of plasma cfDNA could be used for the 
diagnosis of molecular pathology and select 
patients the appropriate targeted drugs. In 

addition, plasma cfDNA can enable to assess 
the gene mutations in undetected tumor tis-
sues, which might be the atypical tumors. In 
this study, the increase of tumor load in HCC 
patients was associated with an increased MAF 
of certain genes in plasma cfDNA, suggesting 

Figure 7. Correlation between MAF levels of specific mutant genes and tumor number in the HCC patients with 
single and multiple/metastatic tumor. A. The general MAF levels of the dedicated genes in plasma ctDNA from 
patients with different number of tumor nodules; B. The MAF levels of the TP53, FGFR3, RET and APC genes were 
found significantly higher in patients with multiple/metastasis tumor nodules than that in patients with single tumor 
nodules (P<0.05 for all genes, Student’s t-test). 
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that the mutations in plasma cfDNA could 
serve as molecular markers for the diagnosis of 
HCC disease. 

In the present study, plasma cfDNA mutations 
in 75% of the HCC patients were consistent 
with the tumor tissue DNA which suggested 
that plasma cfDNA-based detection was rather 
consistent with a tumor biopsy. In previous 
reports [19], patients with plasma ctDNA-posi-
tive HCC presented a higher risk of tumor recur-
rence and intrahepatic metastasis than those 
with plasma ctDNA-negative HCC. In our study, 
the AFP levels in ctDNA-positive patients were 
elevated, and patients with multiple or meta-
static tumors exhibited an increased MAF in 
plasma cfDNA. Therefore, combining the 
results of previous reports and our study, the 
conclusion was drew that mutation detection 
based on plasma cfDNA had potential applica-
bility to tumor diagnosis and prognosis.

Plasma cfDNA including all the tumor cell-
derived plasma ctDNA was the DNA fragments 
released by all cells including primary tumor, 
metastases and circulating tumor cells [16]. 
Therefore, cfDNA-based detection can be a 
more comprehensive reflection of gene muta-
tions in all tumor cells than conventional tissue 
biopsy. In this study, common gene mutations 
in tumor and paracancerous tissues were also 
detected in the plasma cfDNA of HCC patients, 
and simultaneously, the evaluation of the plas-
ma cfDNA provided information of concerning 
gene mutations in a cancerous thrombus (1 
case, not analysed in this study). Although the 
number of patients with portal vein thrombosis 
was small in our study, the results of metastatic 
breast cancer [20] were consistent with the 
findings that plasma cfDNA can replace tumor 
biopsy and may be considered a crucial 
approach for molecular detection of metastatic 
tumors [21]. Clinically, tissue biopsy in HCC 
patients can result in tumor bleeding, metasta-
sis as well as other risks, and some patients 
with multiple and concomitant metastases 
face difficulties in undergoing tissue biopsy. 
Moreover, tumor heterogeneity results in the 
inability of conventional biopsy to provide all 
the information about the tumor [22-24]. In 
contrast, plasma cfDNA detection only requires 
the extraction of easily obtainable peripheral 
venous blood sample. The method is easily to 
operate, causes little trauma, can be used in 

cases where patients repeatedly undergo the 
process and can overcome the multiple limita-
tions of tissue biopsy to achieve real-time tumor 
data as well as dynamic monitoring [17].

Furthermore, various factors can cause the 
inconsistency of gene mutations in the plasma 
cfDNA and tumor tissue DNA. Besides the 
tumor heterogeneity discussed above, plasma 
ctDNA fragments are primarily derived from 
apoptotic and dead tumor cells might be anoth-
er reason might be another reason [25]. 
Detection in tumor tissue biopsy provides the 
mutation information for local tumor cells at 
the puncture site which might be similar to the 
gene mutation information in plasma cfDNA. 
The levels of circulating cfDNA are related to 
the degree of tumor differentiation and the size 
of tumors in patients [26]. Therefore, individu-
als with different tumors and at various stages 
of the disease exhibit inconsistent levels of cir-
culating cfDNA. In addition, the concentration 
of plasma cfDNA and the sensitivity of muta-
tion detection affect the positive rate of ctDNA 
detection in plasma cfDNA [3, 22]. When the 
plasma cfDNA concentration is low, the content 
of ctDNA ranges 0.01-93% [16]. Thus, the 
results plasma of cfDNA mutation detection 
from different studies are different. There are 
various detection methods obtain the incon-
sistent results with the current use of digital 
polymerase chain reaction (PCR) in which tar-
geted deep sequencing can detect mutations 
of ≤0.01% [27, 28]. However, regardless of the 
mutation detection methods, sufficient plasma 
concentrations of cfDNA and ctDNA ratios are 
required, for example, in our study, the plasma 
cfDNA concentrations in patients ranged from 
<0.1 ng/mL to 145 mg/mL. In clinical research, 
increasing the initial plasma volume or optimiz-
ing the plasma cfDNA extraction efficiency can 
increase plasma cfDNA levels. However, the 
plasma cfDNA concentrations are also affected 
by the tumor type, tumor volume, and disease 
stage, such as the difference among patients 
with lung cancer and gastrointestinal cancer. In 
the case of patients with tumor metastasis, the 
detection rate of ctDNA is significantly higher 
than that in patients with head and neck tumors 
or early-stage tumors [3, 29].

It is reported that plasma cfDNA-based detec-
tion is critical in HCC diagnosis. The serum lev-
els of cfDNA predict the risk of tumor metasta-
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sis in patients [30, 31]. Plasma cfDNA-based 
ZNF300, SLC22A20, and SHISA7 methylation 
tests can be used for the differential diagnosis 
of chronic hepatitis B (CHB), cirrhosis and HCC. 
The results of a recent meta-analysis showed 
that circulating cfDNA alone was not recom-
mended for the diagnosis of HCC, whereas 
combination detection of AFP with circulating 
cfDNA significantly increased the diagnostic 
sensitivity of HCC [32]. Previous studies have 
demonstrated that HCC patients with plasma 
ctDNA-positive had high AFP levels and large 
tumor diameters and are prone to tumor metas-
tasis [19]. A recent high-throughput methyla-
tion analysis of plasma ctDNA in patients with 
liver cancer using methylation CpG short-
sequence amplification sequencing method 
improved the diagnostic sensitivity of AFP-
negative HCC, suggesting this approach could 
be used for the early diagnosis of HCC in 
patients [15]. In another study, the whole-
genome sequencing of preoperative plasma 
cfDNA, primary tumor tissue DNA, and postop-
erative plasma cfDNA in 4 HCC patients were 
performed to explore HCC-related gene muta-
tions. The results presented a mutation in pre-
operative plasma cfDNA was consistent with 
tumor tissues but not detected in the postop-
erative plasma cfDNA [33]. It suggested that 
mutation detection based on plasma cfDNA 
could be used for the dynamic monitoring of 
tumor load. In addition, we further analysed the 
correlation between the MAFs of specific genes 
in plasma cfDNA and the tumor load and found 
that the MAF values for TP53, RET, APC, and 
FGFR3 were significantly higher in patients with 
multiple tumors or vascular metastasis than 
those with a single tumor. Therefore, we hypoth-
esized that plasma ctDNA levels are more accu-
rate than cfDNA levels in reflecting the tumor 
load, however, a multicentre study with a larger 
sample is imperative for validation.

The detection of plasma cfDNA mutations may 
be used to guide tumor-targeted therapy and 
individualized treatment. At Present, the treat-
ment of HCC patients lacks the specific tumor 
molecular classification. For example, although 
sorafenib is an approved targeted drug for sys-
temic HCC treatment, not all the patients 
receive good response to this drug, even there 
are some patients displaying side effects. 
Plasma cfDNA detection can clarify the pres-
ence of specific molecular therapeutic targets 

in patients and thereby guide the selection of 
specific targeted drug. MET gene activation is a 
major pathway for cell proliferation and tumor 
metastasis in HCC, thus, MET inhibitors ha- 
ve presented a new strategy for HCC-targeted 
therapy in recent years [34]. In a phase II clini-
cal study of MET inhibitors for HCC patients, all 
patients were underwent the detection of MET 
gene mutations in the tumor tissue prior to 
treatment. The study showed that patients with 
high protein expression had significantly better 
response to drug treatment than those with low 
protein expression [35], thereby justifying the 
customized treatment model for HCC. Ne- 
vertheless, in this study, tumor molecular clas-
sification was based on tissue puncture biopsy, 
which did not reflect all tumor mutation infor-
mation. Therefore, we used amplicon sequenc-
ing technology to detect drug-related gene 
mutations such as EGFR, PIK3CA, PDGFR, MET 
and the resistance-related gene BRAF in the 
plasma of HCC patients and results suggested 
that plasma cfDNA could be used to guide tar-
geted drug therapy in patients.

In summary, the results of this study suggest 
that plasma cfDNA can be used to detect 
mutant genes in tumors. Amplicon sequencing 
technology is highly sensitive and can compre-
hensively reflect the data on tumor cell gene 
mutations. Thus, this technique might replace 
tumor tissue biopsy and become the main 
method in HCC mutant gene screening. In this 
study, the MAFs gene mutations in plasma 
cfDNA were significantly correlated with the 
tumor load suggesting that plasma cfDNA 
might serve as a molecular marker for HCC 
diagnoses. 
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Figure S1. Mutant genes in paired tumor tissue DNA samples were not completely consistent with those in the pre-
operative plasma cfDNA. In the table, lower MAF values are shown in green and higher MAF values are shown in red. 


