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Abstract: Introduction: Circulating tumor DNA (ctDNA) for monitoring the effects of chemotherapy and predicting
prognosis in advanced gastric cancer have not been thoroughly investigated. Methods: We performed next-genera-
tion sequencing (NGS) of ctDNA from 23 gastric cancer patients. Then the genetic information and clinical informa-
tion were statistically analyzed. Results: In this study, the frequency of TP53 was significantly different between the
effective and ineffective groups (P = 0.040), and the number of TP53 mutations was more frequent in the ineffec-
tive group. Missense mutation was a significant difference between the treatment effect groups (P = 0.026). The
number of gene mutations and the change in copy number levels were related to therapeutic effect. Among the inef-
fective group, there was a significant difference in the number of gene mutations (P = 0.0006). We further divided
the number of gene mutations into an increase group and a decrease group, and found that there was a significant
difference between the effective and ineffective groups (P = 0.038). Finally, it was found that patients with high
mutation abundance of gastric cancer had a shorter overall survival than patients with low mutation abundance
(P<0.05). Conclusion: ctDNA can be used as an effective tool to monitor the efficacy of chemotherapy and predict
prognosis in advanced gastric cancer.
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Introduction sitive detection techniques such as next-gener-

ation sequencing (NGS). Monitoring ctDNA lev-

Gastric cancer is the fifth most common malig-
nant tumor in the world [1]. In China, most
patients with gastric cancer have been diag-
nosed at the advanced stage. Chemotherapy is
an important method of treatment of advanced
gastric cancer. Sometimes we encounter situa-
tions in which tumor size temporarily increases
despite the high anti-tumor activity. This pseu-
do-progression makes clinicians confused
regarding the evaluation of treatment outcome
[2-6]. Therefore, there is an urgent need for a
detection method that can effectively monitor
the effects of chemotherapy in real time.

Circulating free DNA (cfDNA) refers to partially
degraded endogenous DNA that is free of extra-
cellular cells and is found in circulating blood.
Stroun [7] has confirmed the tumor-derived
nature of the circulating DNA. Circulating tumor
DNA (ctDNA) can be detected using highly sen-

els can be used to understand tumor burden. At
present, no report has been found on the cor-
relation between ctDNA detection and the out-
come of therapy for gastric cancer. In this study,
we tested ctDNA of 23 gastric cancer patients
by NGS and found that changes in tumor muta-
tion have a specific relationship with the change
of the disease and overall survival.

Materials and methods
Patients and sample collection

Patients with gastric adenocarcinoma diag-
nosed at Fujian Medical University Union
Hospital from November 2005 to July 2018
were enrolled. They were prepared to receive
chemotherapy-based comprehensive treat-
ment. The survival time was expected to be lon-
ger than 3 months before and after chemother-
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apy. When preparing the imaging evaluation
effect every 2-3 cycles (using the solid tumor
efficacy evaluation standard RECIST version
1.1, in which stable disease and partial
response were set to be effective in this study,
and progressive disease was set to be ineffec-
tive), 10 ml of peripheral blood was collected
for ctDNA detection. Each time the detection of
ctDNA corresponded to a baseline time point, a
first evaluation time point and a second evalua-
tion time point, respectively. The clinical infor-
mation was as follows: gender, age, (carcino-
embryonic antigen) CEA, metastasis, surgery,
postoperative pathology, the variant allele fre-
quency (VAF), chemotherapy effect, and so on.
The study was approved by the ethics commit-
tee of the study and written informed consent
signed by all patients.

This retrospective study was approved by the
Ethical Committees of Fujian Medical University
Union Hospital. Informed consent was signed
for all enrolled patients.

Sample processing, DNA extraction and quality
control

Peripheral blood was collected in EDTA
Vacutainer tubes (BD Diagnostics, Franklin
Lakes, NJ, USA) and processed within 4 h.
Plasma was separated by two centrifugations
to remove remaining cell debris. Peripheral
blood lymphocytes (PBLs) from the first centrif-
ugation were used for the extraction of germ-
line genomic DNA. Circulating tumor DNA
(ctDNA) was isolated using QIAsymphony
Circulating DNA Kit (Qiagen, Hilden, Germany),
and peripheral blood lymphocytes (PBLs) DNA
was extracted using the QlAamp DNA Mini Kit
(Qiagen, Hilden, Germany), according to the
manufacturer’'s protocol. DNA concentration
was measured using the Qubit 3.0 fluorometer
and the Qubit dsDNA HS (High Sensitivity)
Assay Kit (Thermo Fisher Scientific Inc.,
Carlsbad, CA, USA). Every ctDNA sample was
analyzed on the Agilent 2100 BioAnalyzer using
the Agilent High Sensitivity DNA Kit (Agilent
Technologies, Santa Clara, CA, USA), and ctDNA
fragments distributed with a dominant peak at
approximately 170 bp.

Target capture and next-generation sequenc-
ing

Sequencing libraries of both cfDNA and PBL
DNA were constructed using the KAPA DNA
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Library Preparation Kit (Kapa Biosystems,
Wilmington, MA, USA). Libraries were measured
using an Agilent 2100 Bioanalyzer and an
Applied Biosystems 7500 real-time PCR sys-
tem (Thermo Fisher Scientific Inc., Carlsbad,
CA, USA). Libraries were hybridized to the cus-
tom-designed biotinylated oligonucleotide pro-
bes (Roche NimbleGen, Madison, WI, USA) cov-
ering about 1.1 Mbp of sequence of 1021
genes. DNA sequencing was performed on the
HiSeq3000 Sequencing System (Illumina, San
Diego, CA, USA) with 2x75 bp paired-end reads.

Sequencing data analysis

From raw sequencing data, terminal adaptor
sequences and low-quality reads were removed.
The reads were aligned to the human genome
build GRCh37 using BWA (a Burrows-Wheeler
aligner) [11]. To mark PCR duplicates, Picard
tools (http://broadinstitute.github.io/picard/)
were used. Single nucleotide variants (SNVs)
and small insertions and deletions (Indels)
were called using MuTect (version 1.1.4) [8].
PBL DNA sequencing results were used to iden-
tify somatic mutations. All candidate somatic
mutations identified by the bioinformatics pipe-
line were manually reviewed in the Integrative
Genomics Viewer (IGV) [9] through assessing
the quality of base calls, the mapping quality of
the reads and the overall read depth at each
mutation site. A mutation was identified as
somatic mutation when (1) with VAF>0.1%, and
(2) at least 5 high-quality reads (Phred score
>30, mapping quality =30, and without paired-
end reads bias). For a given variant in plasma
ctDNA, VAF = sequencing read count of alter-
nate alleles/(sequencing read count of refer-
ence alleles + sequencing read count of alter-
nate alleles) x100%. Mutations were annotated
to genes by ANNOVAR [10] software to identify
the mutated protein-coding position and fil-
tered intronic and silent changes. CONTRA [11]
was used to detect copy number variants
(CNVs). BreakDancer [12] was used to detect
cancer-associated structure variants (SVs). The
mutation abundance is represented by VAF.

Overall survival (0OS) refers to the time from the
start of randomization to the death of any
cause. For subjects who have been lost to fol-
low-up before death, the last follow-up time is
usually counted as the time of death.
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Table 1. Clinicopathologic characteristics of patients

Ineffective  Effective
Characteristics N=7 N =29 P
N (15) N (8)
Median age (range), years 63 (37-81) 59 (26-74) 0.771
Gender 0.621
male 12 5
female 3 3
Tumor location 0.127
proximal 8 1
distal
both 1 2
Differentiation 0.001
Middle or high 2 7
poor 13 1
Operative treatment 0.400
yes 8 6
no 7 2
Baseline CEA <0.001
>5 12 0
<5 3 8
Metastatic lesion (baseline) 1.000
yes 11 6
no 4 2
Hematogenous metastasis 0.089
yes 10 2
no 5 6
Peritoneal metastasis 0.657
yes 10 4
no 5 4
Baseline VAF (%) 0.657
<10 9 6
>10 6 2
Total VAF (%) 0.345
<30 9 7
>30 6 1

CEA = carcinoembryonic antigen; VAF = Variant allele frequency.

Statistical analysis

Comparative analysis of two component ratios
used chi-square test. Inferred analysis of the
two population distribution patterns used the
Wilcoxon test. The overall survival analysis was
performed using the Kaplan-Meier method.
IBM SPSS software (23.0), GraphPad Prism
(6.01) and R software (3.4.3) were used in sta-
tistical analysis. All tests were two-sided and
considered significant at P<0.05.
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Results

Clinicopathological characteristics of
the 23 patients and cluster analysis

Peripheral blood samples were obtained
from the 23 patients at three different
time points corresponding to the base-
line time point, the first evaluation time
point and the second evaluation time
point. There were a total of 46 assess-
ments. The patients were divided into
an effective and an ineffective treat-
ment group according to the results of
imaging evaluation. In the first assess-
ment, there were 13 patients in the
effective group and 10 patients in the
ineffective group. In the overall assess-
ment, there were 8 patients in the effec-
tive group and 15 patients in the inef-
fective group.

The relevant clinicopathological charac-
teristics of the patients were summa-
rized in Table 1. It was shown that the
degree of tumor differentiation and the
baseline level of CEA were related to
therapeutic outcome, but other clinico-
pathological characteristics were not
associated with therapeutic outcome.
Unsupervised hierarchical clustered
and analyzed was performed on each
mutant gene and copy number change
gene, and its mutation type and copy
number. However, no specific mutations
and clustering of mutation types were
found in the effective and ineffective
groups (Figure 1).

General overview of ctDNA genomic
analysis of 23 gastric cancer patients

To investigate whether genomic analysis of
ctDNA of gastric cancer patients is feasible to
be used to monitor advanced gastric cancer by
NGS and predict prognosis, plasma samples
from the 23 gastric cancer patients were sub-
jected to DNA extraction at three different time
points and NGS of all coding exons and select-
ed introns of 1,021 cancer genes with a target
region of about 1.1 Mb was performed at an
average sequencing depth of 1094X (67X-
2697X). DNA of paired peripheral blood lym-
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Figure 1. Heatmap of SNV and CNV. A. SNV detection heatmap of ctDNA
genome in 23 patients with gastric cancer; B. CNV detection heatmap of

ctDNA genome in 23 patients with gastric cancer.

phocytes of the same patient were sequenced
as the germline control. On average, 4.57 muta-
tions (range 1-11) were found in each sample.
Among these mutant genes, Tumor Protein P53
(TP53) and Cadherin 1 (CDH1) were the most
common mutant genes in this cohort of
patients, being found in 57% (13/23) and 17%
(4/23) of patients, respectively (Figure 2A),
while 13% (3/23) of patients showed amplifica-
tion of the Erb-B2 Receptor Tyrosine Kinase 2
(ERBB2) and Kirsten Rat Sarcoma Viral
Oncogene Homolog (KRAS) genes. Among sev-
eral types of mutation, missense mutations
were the most common type of mutation,
accounting for up to 74% (76/103) of muta-
tions, followed by 12% (12/103) of nonsense
mutations, 6% (6/103) of splicing mutations,
6% (6/103) of frame shift mutations, 2%
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IR = No mutation
missense mutation
nonsense mutation
splice mutation
frameshift mutation All 23 patients received 2
cds-del mutation
cds-ins mutation

Sample_type
effective
ineffective

CNV_type

(2/103) of cds-del mutations o
and 1% (1/103) of cds-ins
mutations (Figure 2B).

Sample_type . .
effective Genomic profiling of ctDNA of

23 gastric cancer patients at
three different time points

Analysis of SNVs and CNVs in
the effective and ineffective
groups in the first assessment:

assessments respectively, of
which 37 SNVs and 7 CNVs
were detected in the first
assessment. As seen in Tables
2 and 3, the frequency of the
most common mutant gene,
TP53, showed significant dif-
ferences between the effec-
tive and the ineffective group
(P =0.040), with the frequency
of gene TP53 mutations being
higher in the ineffective group.
There were no statistical differ-
ences of the remaining 36
SNVs and 7 CNVs between the
two groups.

Analysis of the types of gene
mutations in the effective and
ineffective groups: The six
most common types of muta-
tions found were: missense
mutations, nonsense muta-
tion, splice mutation, frame
shift mutation, cds-del, and
cds-ins mutations. The propor-
tions of different mutation types in the effec-
tive and the ineffective group were clearly
shown in Figure 2C. The highest proportion of
mutations in both groups were missense muta-
tions, and there was a significant difference in
its frequency between the two groups (P =
0.026). The next highest proportion was of non-
sense mutations, followed in order by splice
mutations, frame shift mutations, cds-del, and
cds-ins mutations. There were no statistically
significant differences in the frequency of the
other types of mutations between the two
groups.

Analysis of the number of individual mutations
and copy number levels of the effective and the
ineffective groups: We found that the number
of gene mutations and the change in copy num-
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Figure 2. Distribution of mutant genes and mutation types. A. Proportion of
mutant genes in 23 patients; B. Proportion of mutation types in 23 patients;
C. Comparison of gene types in different treatment groups.

ber levels were related to therapeutic effect. As
shown in Figure 3A and 3B, in the effective
group, the number of gene mutations and the
copy number level decreased from that of the
baseline time point. While Figure 3C and 3D
show that in the ineffective group, the number
of gene mutations increased and the copy num-
ber level increased simultaneously from that of
the baseline time point. There was a significant
difference in the number of gene mutations (P
= 0.0006) among the patients of the ineffec-
tive group.

Analysis of the change of SNVs and CNVs and
the therapeutic effect: We further divided the
increase and decrease of the number of gene
mutations and the change of copy number into
an increase group and a decrease group. A chi-
squared test was performed between the
increase group and the decrease group, the
effective group and the ineffective group. It
was found that by grouping according to the
increase and decrease of the number of gene
mutations significant differences were found
between the effective and the ineffective group
(P = 0.038). No difference was found between
the effective and ineffective group by grouping
the changes of the copy number level (Tables
4, 5).

Correlation analysis between VAF and OS

The measured VAF was divided into a baseline
VAF and a total VAF based on the test results of
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B Frequency of mutation types in patients

B splice mutation
@@ nonsense mutation
Bl missense mutation

ctDNA at three different time
points for each patient. In the
current study, a reference to

== missense mutation

== nonsense mutation the relevant study [13], with a
== splice mutation . 0,
S single test VAF>10% set to
= cds-del mutation

high mutation abundance,
three tests for total VAF>
30% set high mutation
abundance.

= cds-ins mutation

B cds-ins mutation
0 cds-del mutation
BB frameshift mutation

The median follow-up time of
this study was 25 months, no
loss of follow-up, and the fol-
low-up rate was 100%. In the
baseline VAF analysis, the
l-year and 2-year survival
rates of the high tumor bur-
den group were only 50.0%
and 37.50%, while the 1-year
and 2-year survival rates of
the low tumor burden group
were 86.67% and 64.20%.
The median survival time of the group was 15.5
months and 62 months, respectively. In the
total VAF analysis, the survival rates of the high
tumor burden group were only 42.86% and
28.57%, while the survival rates of the low
tumor burden group were as high as 87.50%
and 74.04%. The median survival time was 62
months and 8 months, respectively. Kaplan-
Meier survival curves and Logrank test results
showed that whether according to baseline VAF
(P = 0.046<0.05, HR = 0.38, 95% Cl: 0.07-
0.91), or according to the total VAF analysis (P =
0.0071<0.01, HR =0.28, 95% CI: 0.03 t0 0.54),
the overall survival time of patients with low
tumor burden was significantly longer than that
of patients with high tumor burden, as shown in
Figure 4.

Discussion

ctDNA is most suitable in detecting advanced
tumors with high tumor burden. In view of the
relatively low mutation rate and high heteroge-
neity of gastric cancer, the detected mutant
genes cannot be easily classified, therefore
patients with advanced gastric cancer were
selected for this study. One patient had no obvi-
ous signs of metastasis in the imaging exami-
nation, but the patient’s tumor markers were
persistently elevated and couldn’t be ruled out
as potential progression. It was hoped that
meaningful gene mutations will be detected in
patients with advanced gastric cancer with
high tumor burden.

Int J Clin Exp Pathol 2020;13(2):203-211
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Table 2. Genes harboring SNVs in patients
with effective and ineffective treatment

Effective Ineffective

Mutated Genes N =13 N=10 P
n (%) n (%)

TP53 3 7 0.040
EPHA3 0 1 0.435
CTNNB1 0 2 0.178
ERBB4 0 1 0.435
NOTCH4 0 1 0.435
ATM 3 0 0.229
DNMT3A 3 0 0.229
SMARCA4 1 0 1.000
PIK3CB 1 1 1.000
RARA 1 0 1.000
ACIN1 0 1 0.435
MLL3 0 1 0.435
ABCC11 0 1 0.435
CDH1 3 1 0.604
FGFR2 0 2 0.178
ALK 1 0 1.000
ADD2 1 0 1.000
PTEN 1 0 1.000
SMO 1 0 1.000
STK11 1 0 1.000
IRS2 0 1 0.435
MLL 0 1 0.435
FLT4 0 1 0.435
FCGR2A 0 1 0.435
AR 1 0 1.000
FAT1 0 1 0.435
PRKAA1 0 1 0.435
SRC 0 1 0.435
KIT 0 1 0.435
CDH23 0 1 0.435
PIK3CA 0 1 0.435
ESR1 0 1 0.435
EPHA5 0 1 0.435
OR4C6 0 1 0.435
INPP4B 0 1 0.435
FMN2 0 1 0.435
CNTN5 0 1 0.435

Firstly, on one hand, as shown in Table 1, we
did not find the correlation between VAF and
the treatment effect. Tumor differentiation,
baseline CEA levels, and two prognostic factors
were associated with treatment efficacy in this
study with statistical significance. On the other
hand, as shown in Figure 1, we clustered genes
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Table 3. Genes harboring CNVs in patients
with effective and ineffective treatment

Effective Ineffective

CNV Gene N=13 N =10 P
n (%) n (%)

ERBB2 1 2 0.560
EGFR 1 0 1.000
KRAS 1 2 0.560
CDK12 0 1 0.435
CDK4 0 1 0.435
MDM2 0 1 0.435
MET 0 1 0.435

and gene mutation types of the tumors accord-
ing to therapeutic effect. No meaningful clus-
tering results were found.

Secondly, we analyzed the specific genes and
therapeutic effect and found that the TP53
gene was significantly associated with thera-
peutic effect in the first evaluation. TP53 is the
most common mutated gene in human cancer
and at least 50% of human malignant tumors
change and play a key role in tumor develop-
ment [14]. Experimental evidence indicated
that TP53 status was associated with tumor
response to toxic substances [15-17]. In this
study, the TP53 gene was detected as the most
frequently occurring gene and the mutated
TP53 gene was frequently found in the ineffec-
tive treatment group. From this result, it can be
inferred that the mutated TP53 gene may make
the tumor insensitive to chemotherapeutic
drugs, resulting in treatment failure. Meanwhile,
type of gene mutation was also compared with
the therapeutic effect. It found that the mis-
sense mutations accounted for the largest pro-
portion of mutations, mostly in the ineffective
treatment group. The difference in this type of
mutation was statistically significant among
the two groups, indicating that the occurrence
of missense mutations was a predictive effect
of poor treatment outcome.

Several studies have shown that as tumors
progress, peripheral blood ctDNA levels gradu-
ally increased and subsequently declined after
surgery or effective chemotherapy [4, 18-21].
Therefore, it seems logical that ctDNA levels
are used as surrogate markers of therapeutic
response. In this study, we found that the
changes in number of gene mutations and copy
number levels have a fixed trend in different

Int J Clin Exp Pathol 2020;13(2):203-211
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Figure 3. Changes in gene mutations and copy number changes in different

therapeutic effects groups. A. Changes in the number of mutant genes at dif-
ferent detection points in the effective group; B. Changes in the level of copy
number at different detection points in the effective group; C. Changes in the
number of mutant genes at different detection points in the ineffective group;
D. Changes in the level of copy number at different detection points in the

ineffective group.

Table 4. Changes in the number of mutated
genes detected in the two groups

Mutated genes change Effective Ineffective P

increase 5 14
decrease 16 11

0.038

Table 5. Changes in the level of copy numbers
detected in the two groups

Copy number change Effective Ineffective P
increase 1 13 0.272
decrease 3 7

therapeutic effects. When the treatment was
effective, the frequency of most gene muta-
tions decreased, along with a decrease in copy
numbers. On the contrary, when the treatment
was ineffective, the frequency of most gene
mutations increased, along with an increase in
copy numbers. Some studies have shown that
ctDNA usually provides the earliest measure-
ment of therapeutic response for the detection
of sensitive solid tumors [5, 22]. Lipson et al.
reported that changes in ctDNA levels were
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Thirdly, we analyzed the
increase and decrease in
the number of gene muta-
tions and the change in the
level of copy numbers, and
found that the increase and
decrease in the number of
gene mutations was related to the therapeutic
outcome. When the number of mutant genes
increased, the treatment was effective, and the
number of mutant genes decreased, indicating
that the treatment effect was poor. In theory,
the half-life of ctDNA is about 2 hours [2], and
the protein lasts for weeks to months in the
blood [24, 25]. Therefore, the analysis of ctDNA
should be able to quickly assess changes in the
tumor within hours, rather than weeks to
months [26]. In a 17/19 metastatic breast can-
cer study, the increase of ctDNA was associat-
ed with disease progression and progression
was reported through ctDNA levels 5 months
earlier than imaging studies were able to detect
[41.

Finally, we performed a correlation analysis
between the tested VAF and the OS. In the
study, it was found that patients with high
mutation abundance of gastric cancer had a
shorter overall survival than patients with low
mutation abundance, regardless of whether
they were analyzed from baseline VAF or total
VAF grouping. The difference between the two
groups was statistically significant (Figure 4).

Int J Clin Exp Pathol 2020;13(2):203-211
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Figure 4. Survival analysis of different VAF. A. Overall
survival curve for different baseline VAF; B. Overall
survival curve for different total VAF.

There are still some limitations of this study.
First, as with most retrospective studies, this
study was biased in the selection of cases. For
example, the balance of the number of differ-
ent groupings and the diversity of treatments
can be biased. Then, the relatively small num-
ber of cases was another important limiting
factor of our study, which may affect our
analysis.

Conclusions

TP53 was a common mutant gene and its
mutation frequency and type of mutation were
related to the outcome of advanced gastric
cancer treatment. The frequency of mutations
of the gene was related to therapeutic out-
come, especially in the ineffective group of this
study. Changes in the number of gene muta-
tions were negatively correlated with treatment
outcomes. The mutation abundance level of
gastric cancer was also negatively correlated
with the overall survival of patients. ctDNA can
be used as an effective tool to monitor the effi-
cacy of chemotherapy and predict prognosis in
advanced gastric cancer.
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