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Objective. To explore the application value of circulating tumor cells (CTCs) and circulating free DNA (cfDNA) from peripheral
blood in the prognosis of advanced gastric cancer (AGC). Here, we measured CTCs and cfDNA quantity for predicting the
outcome of patients. Patients and Methods. Forty-five patients with advanced gastric cancer who underwent neoadjuvant
chemotherapy and surgical treatment were enrolled in this study. All patients received neoadjuvant chemotherapy with
paclitaxel + S-1 + oxaliplatin (PSOX) regimen, and CTCs and cfDNA of the peripheral blood were detected before and after
neoadjuvant therapy. Relationships between the number/type of CTC or cfDNA and the efficacy of neoadjuvant chemotherapy
were analyzed. Results. Among 45 patients, 43 (95.6%) were positive, and the positive rate of mesenchymal CTC was increased
with the increase in the Tstage.-e proportion of mesenchymal CTC was positively correlated with the N stage (P< 0.05), and the
larger N stage will have the higher proportion of mesenchymal CTC. Patients with a small number of mesenchymal CTC before
neoadjuvant chemotherapy were more likely to achieve partial response (PR) with neoadjuvant therapy. Patients with positive
CA-199 were more likely to achieve PR with neoadjuvant therapy (P< 0.05). Patients in the PR group were more likely to have
decreased/unchanged cfDNA concentration after neoadjuvant therapy (P � 0.119). After neoadjuvant therapy (before surgery),
the cfDNA concentration was higher and the efficacy of neoadjuvant therapy (SD or PD) was lower (P � 0.045). Conclusions.
Peripheral blood CTC, especially interstitial CTC and cfDNA, has a certain value in predicting the efficacy and prognosis of
neoadjuvant chemotherapy in advanced gastric cancer.

1. Introduction

Gastric cancer (GC) is one of the most common malignant
tumors of the digestive tract according to World Health
Organization (WHO) data [1]. Worldwide, the incidence of
gastric cancer is 13.86 per 100,000 people [2]. Gastric cancer
in China has a high mortality rate and is up to 20/100,000
[3]. Most case belong to advanced gastric cancer (AGC)
based on standard tumor-node-metastasis (TNM) staging
[4] when they were diagnosed in China. Surgery of no doubt

is the best treatment tool for those who were classified as
highly differentiated GC. However, the number of AGC
patients for surgery was limited because of their staging.
Recently, many studies suggested that patients with cancer
can perform preoperative or perioperative neoadjuvant
chemotherapy for shrinking tumor size or killing micro-
metastases [5–7]. -is definitely increased successful
chances for surgery. -erefore, the key for the treatment of
the patients with GC is to identify sensitivity and specificity
markers at their early stage. With the application of liquid
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biopsy technology, circulating tumor cell (CTC) and cir-
culating free DNA (cfDNA) have been used in effect eval-
uation of clinical tumor treatment and recurrence risk
detection [8–10]. CTCs are cells that release into the blood
stream from the primary tumor site. CTCs can become seeds
of metastasis in distant organs and drive cancer to relapse
[7]. CTCs are divided into epithelial, mesenchymal, and
mixed CTCs based on their cell surface markers, in which
epithelial CTCs are characterized with EpCAMplus CK8/18/
19 and mesenchymal CTCs mark vimentin and twist, re-
spectively [11, 12]. -e measurement of CTCs from pe-
ripheral blood in cancer patients is used in the detection of
breast cancer, bladder cancer, nonsmall cell lung cancer, and
other solid tumors [13–16]. Circulating free DNA (cfDNA)
is about 50–200 base pair (bp) length DNA fragment and can
freely circulate in the bloodstream [17]. CfDNAmay be from
the cellular nucleus or mitochondria and has a specific
genetic mutation or epigenetic abnormal information.-ese
aberrant genetic materials can be used for diagnosis and
predicting the prognosis of the disease [18]. Many studies
revealed that cfDNA levels of patients with advanced-stage
cancer were elevated [19–21]. However, CTCs and cfDNA
levels of patients with advanced gastric cancer are limited.
-is study aimed to analyze the levels and types of peripheral
blood CTC and cfDNA in patients with advanced gastric
cancer during perioperative treatment. We also evaluated
the application value of peripheral blood CTC and cfDNA in
the outcomes of advanced gastric cancer.

2. Materials and Methods

2.1. Subjects. -e patients with advanced gastric cancer
(AGC) who had undergone neoadjuvant chemotherapy and
surgery in the Department of Gastrointestinal Surgery of the
Affiliated Hospital of Qinghai University between Septem-
ber 2019 and October 2020 were enrolled in this study.
Enrollment criteria were as follows: (1) a total of 45 cases
were diagnosed with gastric cancer by endoscopy and tumor
tissues by biopsy; (2) TNM staging of all patients was T3-
4N×M0 (according to the TNM staging standard of gastric
cancer AJCC/UICC 8th edition, staging is mainly based on
abdominal CT, combined with gastroscopy, B ultrasound,
etc., if necessary, ultrasound endoscopy, MRI, etc.); (3)
physical status score of eastern cooperative oncology group
(ECOG) ≤2 points and could tolerate chemotherapy; (4)
newly diagnosed patients with no previous radical or pal-
liative surgery, radiotherapy, and chemotherapy history; (5)
the functions of liver and kidney were in the normal range;
and (6) age was between 18 and 80 years old. Exclusion
criteria were as follows: (1) patients with pyloric obstruction,
upper gastrointestinal hemorrhage, gastrointestinal perfo-
ration, severe infection, and other complications; (2) existed
history of radical or palliative surgery, radiotherapy, and
chemotherapy or biological therapy; (3) history of allergy to
chemotherapy drugs; (4) pregnant or breastfeeding; (5)
patients with distant metastases; and (6) other malignant
tumors. In this study, 45 patients with advanced gastric
cancer were enrolled, including 40men, 5 women, and age of
29–69 years old with an average of 54.90 (±10.89) years old.

2.2. Study Method. All enrolled patients received 3 cycles of
PSOX neoadjuvant chemotherapy. -e peripheral blood for
number and subtypes of CTC and cfDNA measurement
were collected before (baseline) and after neoadjuvant
therapy (postoperative) on the 10th day after surgery.

2.3. Chemotherapy Regimen. PSOX regimen was as follows:
paclitaxel of 135mg/m2 and oxaliplatin of 85mg/m2 were
injected in the vein on day 1. Tiggio was orally taken based
on the patient’s body surface area (BSA) from day 1 to day
14, twice a day (2 tablets in the morning and 3 tablets in the
evening). 21 days was defined as a chemotherapy cycle. -e
clinical efficacy and toxicity of neoadjuvant chemotherapy
were judged after at least 2 cycles. If the disease progresses
during chemotherapy, it will be evaluated after 1 cycle. All
cases were confirmed efficacy after 4 weeks.

2.4. Circulating Tumor Cell CTC Detection Method (Nano-
membraneFiltrationandRNAInSituHybridizationMethod).
A total of 10milliliters (mL) of venous blood from patients
before and after chemotherapy and surgery was collected
and placed in an ethylenediaminetetraacetic acid (EDTA)
anticoagulant tube as a test sample. -e samples were
centrifugated at 1,500 r/m for 5 minutes within 4 hours, and
the plasma phase was removed. CanPatrol® CTC enrich-
ment counting was used to further separate CTC. Fur-
thermore, multiple RNA in situ hybridization technology
was used to performCTC typing detection, and the epithelial
type-specific genes (EpCAM, CK8, CK18, and CK19) and
the mesenchymal-specific genes (vimentin and twist) were
detected, respectively. -e amplification probe was hy-
bridized with the above-mentioned type-labeled probe la-
beled with a fluorescent group to generate a fluorescent
signal, the fluorescent signal was read by an automatic
identification system, and the CTC typing detection result
was automatically judged through the fluorescent signal of
different colors.

-e CTC results were analyzed. -e epithelial CTC was
displayed as red fluorescent signal points, and the mesen-
chymal type was displayed as green fluorescent signal points.
-e red and green signal points in one cell were displayed as
a mixed type.

2.5. CfDNA Isolation and Characterization. A total of 10mL
of peripheral venous blood was collected with an EDTA
anticoagulation tube. KminTrak plasma extractor was used
to extract plasma DNA. Qbit was used to determine the
calculated concentration of cfDNA samples. Briefly, the Qbit
quantifier reagent and the corresponding amount of DNA
quantitative working solution were prepared according to
the manufacturer’s introduction. Qbit quantitative working
solution was divided into QB tubes, and each tube contained
198microliters (μL). About 2 μL of the extracted nucleic acid
was taken and added into the aliquoted working solution,
shaken, and mixed well. -e standard nucleic acid working
solution was used to formulate the standard curve of the
Qbit quantifier, and the fluorescence value of the standard
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curve was about 15,000, and then, the concentration of each
nucleic acid was detected. -e concentration of each sample
was recorded.

2.6. Observation Indicators. Chemotherapy efficacy was
identified according to the response evaluation criteria in
solid tumor 1.1 (RECIST1.1): (1) complete response (CR): all
lesions disappeared and were maintained for 4 weeks; (2)
partial response: reduced by 30% in tumor size and were
maintained for 4 weeks; (3) progressive disease (PD): 20%
increase in tumor size; (4) non-CR/PR/stable disease (SD)
before lesions increase; new lesions appear; and (5) SD:
based on the minimum sum of the longest diameters after
the start of treatment, the reduction was less than the
standard for PR, and the increase was not to the standard of
PD.

2.7. Statistical Analysis. All data were input into spss 20.0
software for statistical analysis. Continuous data were
expressed as mean± standard deviation (Mean± SD), and an
independent sample t-test was used for comparison. Cate-
gorical data were expressed as examples (%), and the chi-
square test was used for comparison. Spearman’s correlation
coefficient was used to analyze the correlation between CTC
number change, cfDNA number change, and chemotherapy
effect, and the Kaplan–Meier method was used for survival
analysis. P< 0.05 indicated that the difference was statisti-
cally significant.

3. Results

3.1.Basic InformationofEnrolledPatients. Basic information
of 45 patients with AGC is shown in Table 1. Among 45
cases, there were 40 men (88.99%) and 5 women (11.11%).
-e patients aged more than 55 years old were 17 cases
(37.78%), and the patients aged less than 55 years old were 28
cases (62.22%). -e pathological typing of all patients was
adenocarcinoma. Low, moderate, and high differentiation
degrees accounted for 35.55% (16/45), 35.55(16/45), and
28.99 (13/45), respectively. -e patients with T I-IV staging

were 2 cases (4.44%, stage I-II), 26 cases (57.78%), and 17
cases (37.78%), respectively. All patients with TNM are
N+M0.

3.2. Baseline Test Results of CTC. To investigate the CTC
number and subtypes of 45 patients, we identified different
CTC characteristics. -e result is shown in Figure 1. A total
of 87 tests were performed for 45 patients with gastric
cancer, and all patients were in the advanced stage. Among
them, 14, 14, and 17 patients were tested 3 times, 2 times, and
only once, respectively. Neoadjuvant therapy efficacy was as
follows: there were 27 patients with neoadjuvant efficacy
evaluation results, with 10 PR, 16 stable diseases (SDs), and 1
progressive disease (PD); CTC statistical definition was as
follows: when counting the positive rate of mesenchymal
CTCs, if we set up mesenchymal CTC� 0, then it was
negative and if the mesenchymal CTC≥ 1, it was positive.
Among the 45 patients, 39 were in cTNM stage III and 2
were in cTNM stage IIA. -e Tstaging was used to show the
baseline CTC. It can be seen from the above table that
according to the tumor T stage stratification, comparing the
number of CTC and the positive rate of mesenchymal CTC,
it could be seen that the positive rate of mesenchymal CTC
in stage 4 patients was higher than that in stage 2-3 patients.
-e results are shown in Table 2. -e above table showed the
relationship between the number of peripheral blood CTC
and each type and the efficacy of chemotherapy. It could be
seen that patients with a small number of mesenchymal CTC
were more likely to achieve PR with neoadjuvant treatment.

3.3. Correlation between Baseline CTC and Relevant Clinical
Indicators of Patients. -e clinical information of the en-
rolled patients with gastric cancer mainly included the fol-
lowing parameters: age, gender, pathological type, tumor
location, tumor diameter, degree of differentiation, cTNM
staging, T staging, N staging, Lauren type, Borrmann type,
whether CA19-9 was normal or not, and so on. -e CTC
value before neoadjuvant chemotherapy was the baseline
CTC. -e relationship between CTC and various clinical
indicators of gastric cancer was mainly to analyze the total

Table 1: Basic information of enrolled patients.

Items Number (n) Percentage (%)

Gender M 40 88.89
F 5 11.11

Age >55 17 37.78
≤55 28 62.22

Pathological typing Adenocarcinoma 45 100

Degree of differentiattion
Low 16 35.55

Moderate 16 35.55
High 13 28.89

T staging
1–2 2 4.44
3 26 57.78
4 17 37.78

N staging N0 0 0
N+ 45 100

M, male; F, female; T, tumor; and N, node.
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number of CTCs, whether the total number of CTCs >7, the
number of each type, and the relationship between the
positive/proportion of mesenchymal CTCs and the above
parameters. -e results of baseline CTC testing are sum-
marized in Table 3 and Figure 2. -e results showed that the
ratio of mesenchymal CTCs was positively correlated with the
N stage, indicating that the N stage was larger; the ratio of
mesenchymal CTCs was higher. It was consistent with the
positive correlation between mesenchymal CTCs and disease
stage and prognosis proposed in the current related literature.
However, there was no significant correlation between other
clinicopathological indicators and the number/type of CTCs.

3.4. Correlation between CTCs before Neoadjuvant Treatment
(Baseline) and Neoadjuvant Efficacy. CTCs before neo-
adjuvant chemotherapy were used as the baseline. We

compared CTC number and subtype changes after three
cycles of neoadjuvant chemotherapy. -e efficacy of neo-
adjuvant treatment was performed according to the
RECIST1.1 evaluation standard.-ere were 27 patients (27/
45, 60%) with neoadjuvant efficacy evaluation results, in-
cluding 10 cases of PR, 16 cases of SD, and 1 case of PD.-e
results are indicated in Table 4. -e above table showed the
relationship between the number of peripheral blood CTCs
and each type and the efficacy of chemotherapy. It could be
seen that patients with a small number of mesenchymal
CTC were more likely to achieve PR with neoadjuvant
treatment.

3.5. Correlation between Clinical Pathology and Neoadjuvant
Efficacy. As shown in Table 5, the age, maximum tumor
diameter, pathological stage, and carcinoembryonic antigen

(a) (b) (c)

Figure 1: Images of CTCs. (a) Epithelial CTCs; (b) mesenchymal CTCs; and (c) mixed CTCs; CTC, circulating tumor cell.

Table 2: CTC test data before neoadjuvant therapy (baseline).

T Stage CTC> 0 Median of CTC Mean of CTC Positive rate of mesenchymal CTC
2–3(30) 96.7%(29/30) 111 13.2 46.7%(14/30)
4(15) 93.3%(14/15) 88 10.9 60.0%(9/15)
Total (n� 45) 95.6% 110 12.4 51.5%

Table 3: Correlation between CTC and patients’ clinical indicators before neoadjuvant therapy (baseline).

Spearman’s rho Total
CTC

Total
CTC(≤7/
>7)

Epithelial
CTC

Mixed
CTC

Mesenchymal
CTC

Mesenchymal CTC
(≤0/>0)

Mesenchymal
CTC proportion

Age (≤60/>60) N� 41

0.2;
31 0.1; 81 0.1; 83 −0.214 0.23; 7 0.171 0.159 −0.231

0.1;
27 0.2; 34 0.2; 30 0.158 0.11; 8 0.26 0.297 0.127

T stage (≤3/>3) N� 45 r 0.0; 82 0.0; 12 0 0.22; 9 −0.138 0.155 0.126
P 0.5; 93 0.9; 36 1 0.13; 0 0.365 0.308 0.41

N stage N� 40 r 0.2; 32 0.4; 17 0.279 0.02; 5 0.244 0.092 0.134
P 0.2; 17 0.0; 22 0.136 0.89; 7 0.193 0.63 0.481

CA-199
(normal/
abnormal)

N� 39
r 0.1; 41 0.0; 36 −0.159 0.08; 4 −0.15 0.133 0.156

P 0.3; 54 0.8; 13 0.298 0.58; 3 0.325 0.385 0.307

∗When P< 0.05 (two-tailed) or P< 0.01 (two-tailed), it indicated a significant correlation; CTC, circulating tumor cells.
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(CEA) of the enrolled patients have no correlation with
chemotherapy efficacy, but patients with abnormal CA19-9
achieved PR/SD� 0.015 after chemotherapy and PR/SD/
PD� 0.018 after chemotherapy (P< 0.05). -e level of
CA19-9 was related to the efficacy of chemotherapy, and
patients with positive CA19-9 were more likely to achieve PR
with neoadjuvant therapy. Correlation between the end of
neoadjuvant therapy (preoperative) CTC and neoadjuvant
efficacy was seen that the number/type of mesenchymal CTC
after neoadjuvant treatment was significantly related to the
efficacy (Figure 3).

3.6. Correlation between cfDNA and Clinicopathological In-
dicators of Gastric Cancer and Neoadjuvant Efficacy. A total
of 25 patients in this study were tested for CTCs before
neoadjuvant and preoperative chemotherapy, and some
patients were tested for cfDNA. Correlation between
changes in the number/type of CTCs and changes in cfDNA
concentration and neoadjuvant efficacy were analyzed, in-
dicating that the changes in the total number of total CTCs
and mesenchymal CTCs were similar in the PR and SD/PD
groups, and there was no significant difference (Table 6). As
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Figure 2: Relationship between mesenchymal CTC percentage and
N stage. Y-axis, mesenchymal CTC percentage; X-axis, N stage. N1,
tumor cells penetrated the second or the third layers of stomach.
N2, tumor cells penetrated the second layer of stomach and more
distant lymph nodes. N3, tumor cells penetrated the third layer of
stomach and more distant lymph nodes.

Table 4: Correlation between CTC before neoadjuvant therapy
(baseline) and neoadjuvant efficacy.

Spearman’s rho PR/SD PR/SD+PD

Total of CTC N� 27 r 0.127 0.069
p 0.537 0.732

Total of CTC (≤0/>0) N� 27 r −0.158 −0.217
p 0.44 0.277

Total of CTC (≤7/>7) N� 27 r 0.22 0.182
p 0.281 0.364

Epithelial CTC N� 27 r 0.122 0.089
p 0.553 0.661

Mixed CTC N� 27 r −0.09 −0.129
p 0.662 0.522

Interstitial CTC N� 27 r 0.435 0.394
p 0.026 0.042

Interstitial CTC (≤0/>0) N� 27 r 0.378 0.335
p 0.057 0.087

Interstitial CTC proportion N� 27 r 0.327 0.292
p 0.103 0.139

∗When P< 0.05 (two-tailed) or P< 0.01 (two-tailed), it indicated a sig-
nificant correlation. CTC, circulating tumor cell; PR, partial response; SD,
stable disease; PD, progressive disease; and N, case number.

Table 5: Correlation between clinical pathology and neoadjuvant
efficacy before neoadjuvant therapy (baseline).

Spearman’s rho PR/SD PR/SD+PD

Age (≤60/>60) N� 27 r 0.069 0.098
p 0.734 0.635

T Stage (≤3/>3) N� 27 r 0.217 0.184
p 0.277 0.367

N stage N� 23 r 0.174 0.157
p 0.428 0.486

CA19-9 (normal/abnormal) N� 27 r 0.174 0.157
p 0.428 0.486

∗When P< 0.05 (two-tailed) or P< 0.01 (two-tailed), it indicated a sig-
nificant correlation. CTC, circulating tumor cell; PR, partial response; SD,
stable disease; PD, progressive disease; and N, case number.
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Figure 3: Relationship between mesenchymal CTC number and
clinical pathology. Y-axis, mesenchymal CTC number; X-axis,
clinical status. CTCs, circulating tumor cells; PR, partial response;
and SD, stable disease.

Table 6: Correlation between the cfDNA concentration and the
efficacy of neoadjuvant at the end of the neoadjuvant therapy
(before surgery).

Spearman’s rho PR/SD PR/SD+PD

cfDNA concentration N� 22 r 0.432 0.405
p 0.045 0.068

∗When P< 0.05 (two-tailed) or P< 0.01 (two-tailed), it indicated a sig-
nificant correlation. cfDNA, cell-free DNA; CTC, circulating tumor cell; PR,
partial response; SD, stable disease; PD, progressive disease; and N, case
number.

Journal of Oncology 5



for cfDNA indicators (15 patients had matching cfDNA
results before and after neoadjuvant therapy), the trend was
that patients in the PR group were more likely to have a
decrease/unchanged cfDNA concentration after neo-
adjuvant therapy (P � 0.119). -e cfDNA concentration at
baseline (before neoadjuvant therapy) was not significantly
correlated with CTCs and neoadjuvant efficacy; however, the
relationship could be seen that the number/type of CTCs
after neoadjuvant treatment was not significantly related to
the efficacy.

4. Discussion

Worldwide, cancer is the second cause of death affecting
global residents after cardiovascular disease [22]. Of no
doubt, early diagnosis and treatments of cancer are major
methods for reducing the death rate in the future. Patients
with advanced gastric cancer are still the main group of
patients with gastric cancer in China [23] and are the focus
of our work. Perioperative chemotherapy is an effective
treatment for advanced gastric cancer [24, 25]. However,
there is no uniform standard for the evaluation of the ef-
ficacy of preoperative chemotherapy [26, 27]. Traditional
methods for evaluating the efficacy of gastric cancer treat-
ment or chemotherapy include the following: tumor marker
levels, imaging examinations, endoscopic ultrasound before
and after treatment, or pathological regression after surgery.
Spiral CT is a common method to evaluate the efficacy of
chemotherapy for gastric cancer [28], and some studies
suggested endoscopy, especially endoscopic ultrasound. A
study by Wang et al. [29] pointed out that there was no
significant difference in the accuracy of abdominal CT-
enhanced scanning and ultrasound gastroscopy in the
staging of gastric cancer after neoadjuvant chemotherapy.
Considering the intolerance of ultrasound gastroscopy,
routine ultrasound gastroscopy is not recommended. Cur-
rently, the main biomarkers for gastric cancer diagnosis
include CA19-9, CA72-4, and CEA. However, these bio-
markers are low specificity. -erefore, many studies ex-
plored more reliable and sensitive biomarkers for the early
diagnosis of gastric cancer [30, 31].

With the continuous development of molecular tech-
nology, liquid biopsy is widely used in the field of tumors. In
2013, it was used as an early cancer detection method [32],
which has the advantage of detecting cancer before symp-
toms appear. -e commonly used biomarkers for liquid
biopsy include circulating tumor DNA (ctDNA), CTCs,
exosomes, and circulating tumor RNA (ctRNA). Currently,
only ctDNA and CTC have been approved for clinical use by
the FDA [33, 34]. Zhang et al. tested CTC in patients with
bladder cancer planned for surgery and found that 44 cases
(86.3%) were positive [35]. Many studies revealed that the
detection of CTC in patients with colorectal cancer (CRC)
[36], nonsmall cell lung cancer (NSCLC) [37], prostate
cancer [38], and so on could predict the outcomes of the
patients. -e clinical findings of the perioperative CTC
count and epithelial-mesenchymal transition classification
of rectal cancer patients showed that the number of CTC in
the peripheral circulation of colorectal cancer patients was

reduced, especially for rectal cancer patients who underwent
laparoscopic surgery [39]. However, the application of liquid
biopsy technology in advanced gastric cancer is limited.

In this study, the total positive rate of CTCs (43/45) in
this study was 95.6%, of which the positive rate of mesen-
chymal type (23/45) was 51.1%. In the study of patients with
advanced gastric cancer, the CanPatrol® system monitored
the detection rate of CTC capture in the peripheral blood of
advanced gastric cancer >80%. -e N staging in TNM
staging indicates regional lymph node metastasis, but it is
difficult to accurately evaluate the N stage before surgery.
Generally, high-quality enhanced CT combined with inva-
sive ultrasound gastroscopy is required for assessment,
which increases the patient’s radiation risk, economic
burden, and physical pain. It has been reported that the
number of mesenchymal CTC is closely related to the TNM
staging and N staging of gastric cancer [40]. -is study used
CTC before neoadjuvant as the baseline, showing that
baseline interstitial CTC and N staging were significantly
correlated (P � 0.034) and positively correlated. -e larger
the N staging, the proportion of interstitial CTC was the
higher. -e higher N stage indicates that there is cancer cell
infiltration in the lymph nodes or lymph vessels around the
tumor, and these cancer cells are more likely to enter the
peripheral blood system through the lymphatic circulation,
which may be the reason why the higher the N stage, the
easier it is to detect interstitial CTC in the peripheral blood.
-erefore, the detection of interstitial CTC at the first di-
agnosis (before neoadjuvant therapy) may be another in-
dicator for predicting N staging. In TNM staging, the Tstage
indicates the depth of primary tumor invasion. In the tra-
ditional TNM staging method, T staging is of great signif-
icance, but Tstaging reflects the local condition of the tumor,
and CTC reflects the peripheral circulation. -is may be the
reason why T staging is not related to the number of CTCs,
and it may also be related to the proportion of T stage in the
enrolled patients.

-is study found that patients with a small number of
intermediate CTC types before neoadjuvant therapy were
more likely to achieve PR with neoadjuvant therapy. After
analyzing the relationship between the number and classi-
fication of CTC before and after neoadjuvant chemotherapy
and the efficacy of chemotherapy, the total number of CTCs
before and after neoadjuvant therapy was changed, and there
was no significant difference in CTC before and after
neoadjuvant therapy in patients in the PR, SD/PD, PR, or
SD/PD groups. Comparison of changes in the total number
of interstitial CTC before and after neoadjuvant therapy is as
follows: patients with high interstitial CTC were more likely
to have SD/PD (P � 0.086), but after grouping according to
PR and SD/PD, the total number of interstitial CTC before
and after neoadjuvant therapy in each group showed no
significant difference. It can be seen that the total number of
interstitial CTCs was related to the efficacy of neoadjuvant
therapy, which was consistent with the conclusions of re-
lated studies. -e less CTC before neoadjuvant therapy
indicated the better effect of neoadjuvant chemotherapy.
-erefore, interstitial CTC can be used as an index to predict
the efficacy of chemotherapy. -is result is consistent with
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the other reports [41–43] and confirmed that CTC detection
is a sensitive and reliable method for the prognosis of pa-
tients with AGC.

Normal cell apoptosis will produce cfDNA [44]. -e
acceleration of cell apoptosis in tumor patients leads to an
increase in the number of cfDNA in the peripheral circu-
lation. -e tumor burden was greater, and the corre-
sponding cfDNA level was higher.-e cfDNA concentration
before and after neoadjuvant treatment and the efficacy of
chemotherapy were analyzed, and patients with higher
cfDNA concentration after neoadjuvant treatment (before
surgery) had the lower efficacy of neoadjuvant therapy (SD
or PD) (P � 0.045). Patients in the PR group were more
likely to have a decreased/unchanged cfDNA concentration
after neoadjuvant therapy (P � 0.119). Chemotherapy acts
on tumors with different cell cycles to prevent tumor cell
replication and reduce tumor burden. PR after chemo-
therapy suggests a reduction in tumor burden in this group
of patients through chemotherapy. So the cfDNA concen-
tration of patients was decreased, cfDNA reflected the
condition of circulating free DNA, and the concentration
did not change, indicating that chemotherapy was effective.
On the other hand, the cfDNA before neoadjuvant in the PR
group was higher (P � 0.073), and the cfDNA after neo-
adjuvant in the SD/PD group was higher. -is conclusion
was similar to CA-199 and interstitial CTC, and it also
reflected from the side that cfDNA concentration before
neoadjuvant therapy can predict sensitivity and efficacy of
chemotherapy. Comparing the cfDNA concentration before
and after neoadjuvant, cfDNA before and after neoadjuvant
treatment in the PR group showed a downward trend, but
there was no significant difference. -e concentration of
cfDNA after neoadjuvant in the SD/PD group was signifi-
cantly increased (P � 0.008), suggesting that the increase in
cfDNA after chemotherapy reflected the poor efficacy of
chemotherapy. In summary, the cfDNA concentration be-
fore neoadjuvant therapy can predict the efficacy of che-
motherapy, and the higher cfDNA concentration before
neoadjuvant therapy was relatively sensitive to chemo-
therapy and easy to achieve PR. If the cfDNA concentration
remained elevated after neoadjuvant therapy, it indicated
poor chemotherapy efficacy. It was worth noting that the
total number of CTC in most patients showed a downward
trend 10 days after surgery, but there were also some patients
with PR who had an increase in the number of cfDNA after
surgery. Follow-up of these patients should be strengthened
because their risk of metastasis and recurrence may be
higher.

5. Conclusions

CTC and cfDNA are safe and minimally invasive detection
techniques compared to surgery and endoscopic biopsy.-is
study suggested that the level of mesenchymal CTC was
positively correlated with tumor T staging and N staging,
and patients with higher cfDNA concentration before
neoadjuvant chemotherapy were easier to achieve PR, in-
dicating that CTC and cfDNA had a certain value in eval-
uating the efficacy of neoadjuvant therapy for advanced

gastric cancer. However, due to the small number of cases
currently enrolled in this study, the follow-up has not yet
been completed. After a large sample and follow-up study, it
may better reflect the role of CTC and cfDNA in the
perioperative treatment, recurrence risk assessment, and
prediction of the recovery of advanced gastric cancer.
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