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Purpose. Our objective was to compare the value of positron emission tomography/magnetic resonance imaging (PET/MRI) with
the new imaging agent [**Ga]Ga-DOTA-FAPI-04 and the traditional imaging agent ['*F]FDG for the preoperative diagnosis of
gastric cancer. Methods. Forty patients with gastric cancer diagnosed by gastroscopy in gastrointestinal surgery at our hospital
from June 2020 to January 2021 were analyzed. All patients underwent simultaneous [*®Ga]Ga-DOTA-FAPI-04 and ['*F]FDG
PET/MRI. The standard uptake value (SUV), fat removal standard uptake value (SUL), and diagnostic sensitivity, specificity, and
accuracy for primary and metastatic lesions were compared, and their diagnostic value for different lymph node dissection stages
was analyzed. Results. The median age of the patients in this cohort was 68 years. Twenty-nine patients underwent surgery, and 11
patients underwent gastroscopic biopsy. The SUV ., of primary lesions in the FDG group and the FAPI group was 5.74 + 5.09 and
8.06 +4.88, respectively (P <0.01); SUL,,,, values were 3.52+2.80 and 5.64 +3.25, respectively (P <0.01). The SUV . of
metastases in the two groups was 3.81 + 3.08 and 5.17 + 2.80, respectively (P < 0.05). The diagnostic sensitivities for primary lesions
in the FDG group and the FAPI group were 0.72 and 0.94, respectively (P < 0.05). Combined with postoperative pathological
staging, there was no difference in diagnostic sensitivity and specificity of lymph node staging between the FDG and FAPI groups
(P >0.05). Conclusion. Compared with the traditional imaging agent, [**Ga]Ga-DOTA-FAPI-04 has better diagnostic efficiency
but no substantial advantage for preoperative lymph node staging.

1. Introduction

Cancer-associated fibroblasts (CAFs) are the main com-
ponents of the matrix around epithelial cancer cells and can
selectively produce fibroblast activation protein (FAP). FAP
is highly expressed in a variety of epithelial cancers, such as
gastric cancer, colorectal cancer, esophageal cancer, and
ovarian cancer, but it is almost not expressed in the matrix of
normal tissues [1, 2]. Based on this characteristic, fibroblast
activation protein inhibitor (FAPI) has been used as the
imaging agent for positron emission tomography (PET) in
the last few years, for which [*®Ga]Ga-FAPI-04 was de-
veloped [3]. Because stromal cells account for 90% of the
total weight of tumors, cell matrix-based targeted PET may

be more sensitive than glucose metabolism PET imaging.
Studies have shown that [®®Ga]Ga-FAPI-04 has stable
performance and can reflect some characteristics of different
solid tumors [4, 5]. Other studies have shown that [*®*Ga]Ga-
FPAI-04 positron emission tomography/computed tomog-
raphy (PET/CT) results in clearer contours and a higher
target-to-background ratio than ['*F]JFDG PET/CT for solid
tumors [6]. In addition, [®®Ga]Ga-FAPI-04 PET/CT has
a higher uptake value and diagnostic accuracy for some
suspicious tumors that cannot be characterized by ["*F]FDG
PET/CT [7].

Gastric cancer is a common disease, and its occurrence is
related to many factors, such as HP and garlic [8, 9]. PET/
MRI has been widely used in the evaluation of gastric cancer
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in the last few years. It has the advantages of better soft tissue
contrast, functional imaging, and less ionizing radiation. Its
disadvantage is also obvious: it is easily affected by respi-
ration and gastric peristalsis during imaging, which results
in artifacts. It was found that ['**F]FDG PET/MRI has better
advantages in preoperative TNM staging than PET/CT [10].
Another study showed that multidetector CT (MDCT)
combined with [**FJFDG PET/MRI improves the diagnostic
accuracy of a preoperative M-stage in recurrent gastric
cancer and has advantages in evaluating the resectability of
lesions [11]. At present, research on [®®Ga]Ga-FAPI-04 PET/
MRI in the diagnosis of gastric cancer is very limited. This
study sought to compare the value of [**Ga]Ga-FAPI-04 and
['*F]JFDG PET/MRI for the diagnosis of gastric cancer.

2. Materials and Methods

2.1. Patients. This study is a prospective cohort study that
included 40 patients with gastric cancer diagnosed by gas-
troscopy in the Department of Gastrointestinal and Anorectal
Surgery of our hospital from June 2020 to January 2021. The
inclusion criteria were as follows: diagnosed with gastric cancer
by gastroscopy, age between 18 and 80 years, and no contra-
indication for PET or MRI The exclusion criteria were as
follows: combined with other tumors, accompanied by pyloric
obstruction or bleeding or other severe organ dysfunction. All
patients underwent simultaneous [**Ga]Ga-FAPI-04 and ['*F]
FDG PET/MRL

2.2. PET/MRI Imaging. All patients underwent [**Ga]Ga-
FAPI-04 (d1) and ['*®*F]JFDG PET/MRI (d3) in turn, with an
interval of more than 48 hours. All examinations were
conducted in the nuclear medicine discipline of East Hos-
pital affiliated with Tongji University according to the
standard process. ['*F]JFDG PET/MRI : the patient fasted for
12 h before the examination, with blood glucose < 11 mmol/
L. After lying flat for 20 minutes, ['*F]JFDG (5.5 MBq/kg)
was intravenously injected, and the patient drank 1000 ml of
water after resting for 40 minutes. The scanning range was
whole-body from the head to the groin for approximately
30 minutes. [**Ga]Ga-DOTA-FAPI-04 PET/MRI: [**Ga]Ga-
DOTA-FAPI-04 was injected at the same concentration, and
the remaining steps were the same as those for ['*F]FDG
PET/MRI.

2.3. Imaging Review. PET/MRI images were analyzed by
two nuclear medicine physicians with experience in PET/
MRI for more than 2 years. The standard uptake value
(SUV), fat removal standard uptake value (SUL), di-
agnostic sensitivity, specificity, and accuracy of primary
and metastatic lesions were measured, and their di-
agnostic value for different lymph node dissection stages
was analyzed. The participants were not given in-
formation about the other PET/MRI scan. In case of
disagreement in diagnosis, the two doctors discussed and
reached a consensus.

The main function of PET is to detect a lesion, and MRI
images are used to confirm whether the hypermetabolic area
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is the tumor. TNM staging of gastric cancer was determined
by referring to the 8th edition of the AJCC gastric cancer
staging system. The criteria for lymph node metastasis of
gastric cancer were as follows: shortest diameter > 5mm,
necrotic signs in the center, high DWTI signal and low ADC
signal, and higher metabolism than the background.

2.4. Statistical Analysis. Data are expressed as the mean-
tstandard deviation, and statistical analyses were con-
ducted using SPSS 22.0 software. T tests were used to
compare measurement data between two groups, and the
chi-square test was used to compare count data. Sensitivity,
specificity, and accuracy were compared by the McNemar
test. P <0.05 was considered statistically significant.

3. Results

3.1. Patients’ Clinical Characteristics. A total of 40 patients
with a median age of 68 years were enrolled in this study,
including 32 males and 8 females, with an average BMI of
22.1+2.61. A total of 29 patients underwent radical re-
section, and 11 underwent biopsy only. Thirty-six cases of
gastric cancer and 4 cases of benign diseases were con-
firmed by pathology. Thirteen patients had CEA > 5ng/
ml, and 10 patients had CA199 > 37 ng/ml. There were 18
cases with HER2 expression (+~+++), 5 cases with
dMMR, and 2 cases with PDL-1 percentage > 5%
(Table 1).

3.2. Uptake of ['*FIFDG and [**Ga]Ga-DOTA-FAPI-04.
All patients underwent ['"*F]FDG and [*®Ga]Ga-DOTA-
FAPI-04 PET/MRI (Figures 1 and 2). The results showed
that the maximum SUVs (SUV ,,,,) of primary lesions in the
['*F]FDG group and [*®*Ga]Ga-DOTA-FAPI-04 group were
5.74+5.09 and 8.06 + 4.88, respectively (Table 2, P <0.01);
maximum SUL (SUL,,,) values were 3.52+2.80 and
5.64 £ 3.25, respectively (P <0.01). For metastatic lesions,
SUV ax Values were 3.81 +3.08 and 5.17 +2.80 in the ['®F]
FDG group and [*®*Ga]Ga-DOTA-FAPI-04 group, re-
spectively (P <0.05); SUL,,.x values were 2.65+2.21 and
3.80 + 1.74, respectively (P > 0.05). There was no substantial
difference between SUV,,, or SUL,.. between the two
groups (P >0.05).

3.3. Diagnostic Efficiency of Primary and Metastatic Lesions.
The sensitivity, specificity, and accuracy of ['*F]JFDG for the
diagnosis of primary lesions were 0.72, 0.25, and 0.78, re-
spectively; those for [®8Ga]Ga-DOTA-FAPI-04 were 0.94, 0,
and 0.85, respectively. There was a substantial difference in
sensitivity (P <0.05) but no difference in specificity and
accuracy (P > 0.05). The sensitivity, specificity, and accuracy
of ["®F]FDG for the diagnosis of metastatic lesions were 0.33,
0.82, and 0.62, respectively; those for [**Ga]Ga-DOTA-
FAPI-04 were 0.58, 0.71, and 0.66, respectively, with no
substantial difference (Table 3, P > 0.05).
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TaBLE 1: Patient characteristics.

Total patients 40
Median age 68
BMI 22.1+2.61
Sex

Male 32

Female 8
Treatment

Biopsy only 11

Resection 29
Histology

Adenocarcinoma 23

Signet ring cell carcinoma 13

Benign 4
CEA >5ng/ml 13
CA199 > 37 ng/ml 10
Tumor diameter 3.6 +1.56
Her2

++/+++ 10

+ 8

- 8

None 14
MMR

dMMR 5

pMMR 35
PDL-1

>= 5% 2

< 5% 38

3.4. Diagnostic Efficiency of Lymph Node Staging. The lymph
node staging of all 40 patients in the two groups is shown in
Tables 4 and 5. Based on the postoperative pathology of 29
patients who underwent surgical resection, the numbers of
NO, N1, N2, and N3 cases were 17, 6, 1, and 5, respectively.
Correspondingly, the numbers of N0, N1, N2, and N3 were
21, 3, 4, and 1 diagnosed in the ['*F]FDG group and 18, 3, 5,
and 3 in the [**Ga]Ga-DOTA-FAPI-04 group, respectively
(Table 4). A total of 7 patients received preoperative neo-
adjuvant chemotherapy.

The sensitivity, specificity, and accuracy of ['*F]JFDG
were 0.33, 0.82, and 0.62, and that of [*®Ga]Ga-DOTA-
FAPI-04 were 0.58, 0.71, and 0.66, respectively. The sensi-
tivity, specificity, and accuracy of the two groups in the N1
phase were 0 and 0.33, 0.77 and 0.81, and 0.69 and 0.76,
respectively, those of the N2 phase were 0 and 0, 0.96 and
0.96, and 0.83 and 0.79, and those of the N3 stage were 0 and
0, 0.82 and 0.81, and 0.79 and 0.72. However, there were no
substantial differences between the two groups (Table 5,
P>0.05).

4. Discussion

The standard treatment of gastric cancer depends on ac-
curate preoperative staging [12], which is also important for
metastatic gastric cancer. The purpose of this prospective
study was to compare the diagnostic value of the new im-
aging agent [*®*Ga]Ga-DOTA-FAPI-04 and the traditional
agent ["®F]FDG. Our results showed that the maximum
uptake value of [*8Ga]Ga-DOTA-FAPI-04 was better than
that of ['*F]JFDG, with sensitivity in the diagnosis of primary

lesions of gastric cancer being better than that of ['*F]FDG.
Nonetheless, there was no substantial difference in the
sensitivity and specificity of lymph node staging between the
two groups.

The uptake values of SUV,,,, and SUL_,, in the FAPI
group were higher than those in the FDG group, which was
consistent with the results of Chen et al. [13]. Some studies
have shown that uptake of [**F]FDG is lower in diffuse
gastric cancer, gastric mucinous adenocarcinoma, and signet
ring cell carcinoma, which affects the diagnosis of gastric
cancer [14]. Therefore, our results suggest that [8Ga]Ga-
DOTA-FAPI-04 may be able to compensate for this de-
ficiency, even though we did not conduct a subgroup
analysis of gastric cancer histology type in this study. Further
diagnostic analysis found that the sensitivity of [**Ga]Ga-
DOTA-FAPI-04 for primary lesions was 0.94, which was
considerably higher than that of ['*FJFDG. This was con-
sistent with the study of Guo et al. [15]. We speculate that
this is related to the high uptake rate of [**Ga]Ga-DOTA-
FAPI-04. Because all patients were diagnosed with gastric
cancer by gastroscopy, specificity could not be compared for
the two groups. In the comparison of diagnostic efficacy for
metastases, we found that the sensitivity of the FAPI group
tended to increase (0.58 and 0.33, respectively), but there was
no substantial difference in the P value. We speculate that
this may have been due to the inconsistent judgment criteria
for positive lymph nodes. In previous studies, the cutoft
value of a lymph node’s short diameter (usually 5 mm) was
used as the criterion for determining positive lymph nodes
[16, 17]. However, inflammation can also lead to lymph node
enlargement, and even metastatic lymph nodes do not
necessarily show a volume increase. These factors may affect
the diagnostic efficacy of PET/CT or PET/MRI for lymph
node metastasis. In addition, recent studies have shown that
lymph node metastasis can be identified by DWI sequences
and ADC images [18]. Therefore, the MRI signal combined
with SUV ..« was used to identify lymph node metastasis in
this study. Although our data show that SUV ., of the FAPI
group and FDG group was not significantly different, we
speculate that this may have been due to the small number of
cases or selection bias. However, the increasing trend of
SUV o in the FAPI group suggests that [**Ga]Ga-DOTA-
FAPI-04 had certain advantages in determining lymph node
metastasis in gastric cancer.

We attempted to compare the diagnostic efficiency of
the two imaging agents for different N stages of gastric
cancer, though the results showed that the difference in
diagnostic sensitivity and specificity between the two
groups was not significant at NO or N1-N3. We speculate
the following reasons in addition to the factors of positive
diagnostic criteria for lymph nodes. First, inflammation
in lymph nodes may lead to increased uptake. Indeed, it
has been reported that inflammation may lead to an
abnormal increase in FDG metabolism in lymph nodes,
thus increasing the false-negative rate [19]. Second, there
may have been selection bias with regard to the patients
enrolled. Only 41.4% (12/29) of the patients had lymph
node metastasis confirmed by postoperative pathology.
The small number of N1, N2, and N3 stage cases
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FIGURE 1: A 64-year-old male patient with gastric cancer diagnosed as gastric fundus tumor by gastroscopy. FDG-PET MRI showed a slight
increase in FDG metabolism, with an SUVmax of 3.74 and no increase in metabolism in perigastric lymph nodes (A-D). FAPI-PET/MRI
showed obvious thickening of the cardia, gastric fundus and lesser curvature of the gastric body, and an abnormal increase in FAPI uptake
(arrow), with an SUV ., of 11.2 (E-H). Small lymph node shadows were detected behind the lesser curvature of the stomach and the
pancreas, and there was no FAPI uptake.

FIGURE 2: A 63-year-old male patient with gastric cancer, a gastroscopy showed that gastric cancer had invaded the lower esophagus, with
perigastric infiltration. PET/MRI showed abnormal increases (arrow) in FDG metabolism (A-D) and FAPI uptake (E-H).

TaBLE 2: Comparison of ["®F]FDG and [*®Ga]Ga-DOTA-FAPI-04 uptake in gastric cancer.

Primary lesions Metastatic lesions
SUVmax SULmax SUVmax SULmax
FDG 5.74+5.09 3.52+2.80 3.81+3.08 2.65+2.21
FAPI 8.06 +£4.88 5.64+3.25 5.17+2.80 3.80+£1.74
P value 0.004 0.005 0.018 0.08

TaBLE 3: Diagnostic performances of [**Ga]Ga-DOTA-FAPI-04 and ['®*F]FDG PET/MRI in assessment of gastric tumor and lymph node
involvement.

Basis of Pathologic
analysis and Imaging diagnosis . & Sensitivity Specificity Accuracy
. diagnosis
modality
Primary lesions + -
+ 26 3 0.72 0.25 0.68
FDG B 10 1
FAPI + 34 3 0.94 0.25 0.88
- 2 1
P value 0.02 1.00 0.07
Metastatic lesions
+ 4 3 0.33 0.82 0.62
FDG B 8 14
+ 7 5 0.58 0.71 0.66
FAPI i 5 0

P value 0.25 0.50 0.79
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TaBLE 4: Clinical stage and pathological stage of patient.

N stage Standard N Neoadjuvant chemotherapy
FDG FAPI

NO 17 21 18 0

N1 6 3 3 2

N2 1 4 5 2

N3 5 1 3 3

TaBLE 5: Diagnostic results of N stage between [**Ga]Ga-DO-
TA-FAPI-04 and ['*FIFDG PET/MRI according to the gold
standard.

Sensitivity (%)  Specificity (%)  Accuracy (%)

FDG 0.82 0.63 0.62
NO FAPI 0.71 0.58 0.66
P 1.00 0.50 0.56
FDG 0.00 0.77 0.69
N1 FAPI 0.33 0.81 0.76
P None 1.00 0.27
FDG 0.00 0.96 0.83
N2 FAPI 0.00 0.96 0.79
P None 1.00 0.47
FDG 0.00 0.82 0.79
N3 FAPI 0.00 0.81 0.72
P None 0.50 0.25

precluded analysis. In addition, only 29 of 40 patients
received surgical treatment, and the limited number of
cases affected N-stage diagnostic efficiency. In addition,
we believe that the use of FAPI is beneficial to improve the
preoperative N stage of patients, as well as perioperative
management including neoadjuvant chemotherapy and
postoperative follow-up. The results of this study show
that the uptake value of [*®Ga]Ga-DOTA-FAPI-04 in
gastric cancer is higher than that of ['*F]FDG; its di-
agnostic efficiency for primary lesions is also higher,
which indicates that [*®*Ga]Ga-DOTA-FAPI-04 MRI may
be a more effective method for the diagnosis of gastric
cancer. Of course, this study also had some limitations,
such as the small number of enrolled cases and the lack of
data on tumor T staging. In addition, the number of
patients with dMMR and PDL-1 positivity was relatively
small, and there was a lack of subgroup analysis. Pro-
spective studies with a larger number of patients in the
future may provide more evidence.
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Delta-shaped gastroduodenostomy (DSGD) and overlap gastroduodenostomy (OGD) are the two most widely used intra-
corporeal Billroth I anastomosis methods after distal gastrectomy. In this study, we compared the short-term outcomes of DSGD
and OGD in total laparoscopic distal gastrectomy (TLDG). In a retrospective cohort study, we examined 92 gastric cancer patients
who underwent TLDG performed by the same surgeon between January 2014 and June 2018. All patients underwent Billroth I
reconstruction (OGD, n =45; DSGD, n=47) and D2 lymph node dissection. We retrospectively reviewed the surgical outcomes,
clinical pathological results, and endoscopy results. Laparoscopic surgery was successfully performed in both groups without
conversion to open surgery. The demographic and clinical characteristics were similar between the two groups (P > 0.05). There
were no significant differences between the two groups in operation time (158.9 +13.6 min vs. 158.8 + 14.8 min, P = 0.955),
anastomotic time (19.4+3.0min vs. 18.8+2.9min, P = 0.354), intraoperative blood loss (88.9+25.4mL vs. 83.7 +24.3 mL,
P =0.321), number of lymph node dissections (31.0+7.1 vs. 29.2+7.5, P = 0.229), length of hospital stay (8.8 +2.7 days vs.
9.1+3.0 days, P = 0.636), fluid intake time (3.1 £0.7 days vs. 3.2+0.7 days, P = 0.914), and morbidity of postoperative com-
plications (6.7% [3/45] vs. 10.6% [5/47], P = 0.499). Endoscopy performed 6 months postoperatively showed that the residual food
(P = 0.033), gastritis (P = 0.029), and bile (P = 0.022) classification score significantly decreased in the OGD group, and there
were no significant differences 12 months postoperatively. OGD is a safe and effective reconstruction technique with comparable
postoperative surgical outcomes and endoscopy results when compared with those of DSGD.

1. Introduction

Gastric cancer (GC) is one of the most common malig-
nancies in China [1]. The incidence of the early detection of
GC has increased significantly with an increase in the
frequency of endoscopic screening. Surgical resection re-
mains the only curative treatment. Laparoscopic gastrec-
tomy has been widely used since it was first reported in
1994 by Kitano et al. [2]. In recent years, an increasing
number of clinical studies have shown that laparoscopic
gastrectomy has similar or better outcomes than open
gastrectomy [3-6].

Owing to the narrow and restricted space, it is difficult to
perform anastomosis in laparoscopic-assisted distal gas-
trectomy (LADG), especially in obese patients or in patients
with a small remnant stomach. Therefore, many surgeons
prefer total laparoscopic distal gastrectomy (TLDG), and
several techniques for intracorporeal anastomosis have been
developed [7].

Billroth I, Billroth II, and Roux-en-Y are the three most
commonly used reconstruction methods after distal gas-
trectomy, and Billroth I gastroduodenostomy is the only
method that retains the physiological digestive tract and
poses no risk of internal hernia. Delta-shaped
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gastroduodenostomy (DSGD), which was first introduced by
Kanaya et al. [8], is the most popular anastomosis method in
Billroth I reconstruction after TLDG overlap gastro-
duodenostomy (OGD), first introduced by Song et al. [9]
and modified by Byun et al. [10], appears to be another
simple and convenient method for Billroth I reconstruction
after TLDG. In this study, we assess the short-term results of
OGD and compare them with those of DSGD.

2. Materials and Methods

2.1. Materials. This single-surgeon retrospective cohort
study was performed between January 2014 and June 2018 at
six different hospitals in Zhejiang Province, China. The
inclusion criteria were as follows: (1) preoperative diagnosis
of cTINOMO~cT2NOMO-stage GC and (2) postoperative
pathology confirming RO resection. All perioperative
management procedures were performed under the sur-
geon’s guidance.

According to the above criteria, 92 patients were in-
cluded in this retrospective study, including 47 with DSGD
and 45 with OGD. As the surgeon changed the main re-
construction method when performing Billroth I anasto-
mosis, DSGD was mainly completed between January 2014
and September 2016, and OGD was mainly completed be-
tween September 2016 and June 2018.

2.2. Surgical Procedure. Under general anesthesia, the pa-
tients were placed in the reverse Trendelenburg position at
approximately 30°. Pneumoperitoneum was established with
CO, at a pressure of 11-13 mmHg. We placed five ports in
V-shape, and at the vertex position was a 10-mm camera
port. The other four working ports were placed in the right
upper quadrant (5 mm), right middle quadrant (5 mm), left
middle quadrant (5 mm), and left upper quadrant (12 mm)
of the abdomen.

Lymph node dissection and omentectomy were per-
formed according to Japanese guidelines. The resection lines
of the duodenum and stomach were determined according to
the tumor site. We used a 60-mm endoscopic linear stapler to
perform resection and reconstruction in the OGD group and
a 45-mm endoscopic linear stapler in the DSGD group.

2.3. DSGD. We modified the DSGD to be similar to that
reported by Huang et al. [11] We rotated the duodenum 90°
clockwise when it was transected, and a small incision was
made on the posterior side of the greater curvature of the
remnant stomach and on the posterior side of the duode-
num. Then, we inserted the linear stapler, closed and fired it,
and created a V-shaped anastomosis on the posterior wall.
After verifying the absence of bleeding from the anasto-
mosis, we closed the common stab incision along the blind
angle of the duodenum.

2.4. OGD. There is no need to perform a 90" rotation when
the duodenum is transected. A small incision was made on
the greater curvature of the remnant stomach, and another
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small incision was created on the superior edge of the du-
odenal transection line. The linear stapler was introduced
into the remnant stomach and duodenum, where the two
sides were put together, and the stapler was closed and fired.
After verifying that there was no bleeding on the stapler line,
a one-stay suture was added in the middle of the common
stab incision. We then pulled the stay suture and two ends of
the common stab incision and closed the incision using the
linear stapler.

2.5. Postoperative Follow-Up Evaluation. All patients were
managed in a similar manner, following the postoperative
clinical path. The gastric tube was removed on postoperative
day 1, and water intake was initiated on postoperative day 2.

Monitoring indicators included operation time, anas-
tomotic time, intraoperative blood loss, number of lymph
node dissections, length of hospital stay, fluid intake time,
and complications. Regular follow-ups were conducted 3, 6,
9, and 12 months postoperatively, and endoscopic exami-
nations were performed in the first 6 and 12 months
postoperatively. Endoscopic findings were evaluated using
the residual food, gastritis, and bile (RGB) classification [12].

2.6. Statistical Analysis. All statistical analyses were per-
formed using the Statistical Package for the Social Sciences
(SPSS), version 20.0 for Windows (SPSS Inc., Chicago,
United States). Data are expressed as mean + standard de-
viation. Categorical variables were analyzed using the chi-
square test or Fisher’s exact test, while continuous variables
were analyzed using Student’s t-test. Statistical significance
was set at P <0.05.

3. Results

3.1. Clinicopathological Characteristics. The clinicopatho-
logical characteristics of the two groups are summarized in
Table 1; 45 patients received OGD, and 47 patients received
DSGD. No significant differences in age, sex, body mass
index, history of abdominal surgery, tumor size, and TNM
stage were found between the two groups.

3.2.  Operative and  Postoperative  Characteristics.
Laparoscopic surgery was successfully completed in all
patients without conversion to open surgery. As Table 2
shows, there were no significant differences between the two
groups in operation time (158.9+13.6min vs.
158.8 + 14.8 min, P =0.955), anastomotic time
(19.4 + 3.0 min vs. 18.8 £2.9 min, P = 0.354), intraoperative
blood loss (88.9+25.4mL vs. 83.7+24.3mL, P =0.321),
number of lymph node dissections (31.0+ 7.1 vs. 29.2 £ 7.5,
P =0.229), length of hospital stay (8.8 + 2.7 days vs. 9.1+ 3.0
days, P = 0.636), fluid intake time (3.1 £ 0.7 days vs. 3.2+ 0.7
days, P = 0.914), and morbidity of postoperative compli-
cation (6.7% [3/45] vs. 10.6% [5/47], P = 0.499).

The types of complications were comparable between the
two groups. Two patients (4.4%) in the OGD group and one
patient (2.1%) in the DSGD group developed delayed gastric



Canadian Journal of Gastroenterology and Hepatology 3
TaBLE 1: Clinicopathological characteristics of patients.

Characteristics OGD (n=45) LSGD (n=47) P value
Age (years, X + s) 59.1+9.3 60.79+11.6 0.435
Gender (no. %) 0.666

Male 25 (55.6) 24 (51.1)

Female 20 (44.4) 23 (48.9)
BMI (kg/m> X + s) 229+2.8 232425 0.543
Previous abdominal surgery (no. %) 5(11.1) 7 (14.9) 0.590
Tumor size (cm, X + s) 24+0.8 2.6+0.8 0.301
T classification (no. %) 0.333

Tl 25 (55.6) 19 (40.4)

T2 19 (42.2) 26 (55.3)

T3 1(22) 2 (4.3)
N classification (no. %) 0.516

NO 17 (37.8) 11 (23.4)

N1 19 (42.2) 25 (53.2)

N2 8 (17.8) 10 (21.3)

N3 1(22) 1.1)

TAaBLE 2: Operative and postoperative characteristics.

Characteristics OGD (n=45) LSGD (n=47) P value
Operation time (min, X + s) 1589+ 13.6 158.8 £ 14.8 0.955
Anastomotic time (min, X + s) 19.4+3.0 18.8+2.9 0.354
Blood loss (ml, X + s) 88.9+25.4 83.7+24.3 0.321
Retrieved lymph nodes (n, X + s) 31.0+7.1 29.2+75 0.229
Length of stay (days, X + s) 8.8+27 9.1+3.0 0.636
Liquid diet buildup (days, X + s) 31+0.7 32+07 0.914
Any complication (no. %) 3 (6.7) 5 (10.6) 0.499
Wound infection 0 (0.0) 1(2.1) 0.323
Leakage 0 (0.0) 2 (4.3) 0.160
Delayed gastric emptying 2 (4.4) 1(21) 0.537
Pulmonary 1(2.2) 1(2.1) 0.976

emptying. All three of them were placed under conservative
management. In the OGD group, the two patients were
discharged on postoperative days 25 and 30, while, in the
DSGD group, the patient was discharged on postoperative
day 33. Two patients (4.3%) in the DSGD group had
anastomotic leakage, whereas no patient had leakage in the
OGD group. No in-hospital mortality was observed in either

group.

3.3. Endoscopic Findings. Table 3 shows the endoscopic
findings of the two groups 6 and 12 months postoperatively.
Six months postoperatively, the RGB classification scores in
the OGD group were significantly lower than those in the
DSGD group (P = 0.033, P = 0.029, P = 0.022, respectively).
Twelve months postoperatively, there were no significant
RGB classification score differences.

4. Discussion

TLDG, in which all procedures including gastric resection
and digestive tract reconstruction are performed intra-
corporeally without making an additional abdominal inci-
sion, has become much more acceptable to surgeons because
of its advantages over LADG [13, 14].

Currently, DSGD is the most popular reconstruction
approach for Billroth I following TLDG. Although it is
reported that DSGD has a satisfactory result and a relatively
short learning curve [15], the rate of anastomosis-related
complications is still relatively high [16-20]. The most
important reason for this is that in DSGD, the surgeon must
rotate the duodenal stump and the remnant stomach.
However, these actions are mandatory procedures, and
insufficient rotation might leave ischemic tissue between the
transection lines and the anastomosis line. The OGD method
has no such problems because it is a side-to-side overlap
anastomosis, and duodenal rotation is unnecessary, thus
reducing the possibility of damage to the surrounding
structures and anastomotic ischemia. In our study, we had
two cases of leakage in the DSGD group, while there was no
case of leakage in the OGD group, although the difference
was not significant.

In the OGD procedure, attention should be paid to the
complications of delayed gastric emptying. We had two cases
(4.4%) that resulted in delayed gastric emptying, and al-
though all of them were cured after conservative treatment,
the hospital stays were prolonged and the costs increased.
The reason for this is not well known, and it might be
because more stomach is retained, especially at the greater
curvature, to insert the linear stapler and perform the
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TaBLE 3: Endoscopic findings in postoperative 6 and 12 months.
o 6 months 12 months
Characteristics
OGD (n=45) LSGD (n=47) P value OGD (n=45) LSGD (n=47) P value
Residual food (no. %) 0.033 0.194
Grade 0 28 (62.2) 15 (31.9) 25 (55.6) 16 (34.0)
Grade 1 5 (11.1) 12 (25.5) 6 (13.3) 11 (23.4)
Grade 2 5(11.1) 4 (8.5) 5(11.1) 4 (8.5)
Grade 3 4 (8.9) 8 (17.0) 6 (13.3) 8 (17.0)
Grade 4 3 (6.7) 8 (17.0) 3 (6.7) 8 (17.0)
Gastritis (no. %) 0.029 0.072
Grade 0 5 (11.1) 3 (6.4) 5 (11.1) 3 (6.4)
Grade 1 30 (66.7) 20 (42.6) 28 (62.2) 22 (46.8)
Grade 2 8 (17.8) 22 (46.8) 8 (17.8) 20 (42.6)
Grade 3 2 (4.4) 2 (4.3) 4 (8.9) 2 (4.3)
Bile reflux (no. %) 0.022 0.168
Grade 0 28 (62.2) 18 (38.3) 26 (57.8) 19 (40.4)
Grade 1 17 (37.8) 29 (61.7) 12 (26.7) 17 (36.2)
anastomosis. All patients underwent D2 lymph node dis- Data Availabi]ity

section, which may have influenced the blood supply to the
remnant stomach, especially with a larger remnant stomach.
This lack of blood supply might have caused delayed gastric
emptying [21].

Regarding endoscopic findings based on the RGB
classification, OGD was significantly lower 6 months
postoperatively, but these differences disappeared 12 months
postoperatively. This is probably owing to two reasons. First,
the anastomosis in DSGD was posterior with rotation of the
duodenum, which could then be twisted when food passed.
Meanwhile, the anastomosis in OGD is a morphological “up
and down” reconstruction where gastric content can pass
easily. Second, in OGD, we used a 60-mm linear stapler
(compared with the 45-mm stapler used in DSGD) that
resulted in a larger anastomosis lumen and therefore faster
passing of gastric content into the duodenum. OGD may
thereby reduce the incidence of gastritis and bile reflux. In
the DSGD group, these endoscopic findings improved from
6 to 12 months, which Lee et al. [22] have previously found,
whereas, in the OGD group, they were almost the same.

Our study has some limitations. First, it was a retro-
spective cohort study, and the surgeon changed the main
reconstruction method from DSGD to OGD. Although the
surgeon had 12 years of experience in gastrectomy and 8
years of experience in laparoscopic gastrectomy, the surgical
skill of reconstruction and D2 lymphadenectomy may have
improved, which might have caused a bias. Second, our
results came from only one surgeon without representing
others; thus, a multicenter prospective study is needed.
Finally, our study lacks long-term data. To evaluate post-
operative outcomes, administering questionnaires would
strengthen our findings.

5. Conclusion

Overlap gastroduodenostomy is a safe, simple, and feasible
approach to intracorporeal anastomosis and has the same
short-term results as delta-shaped gastroduodenostomy.
However, long-term comparative studies are required for
further assessment.

The data used to support the findings of this study were
supplied by Linhua Zhu under license and so cannot be
made freely available. Requests for access to these data
should be made to Linhua Zhu, the e-mail address is zhulh@
srrsh.com.
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Background. Gastric low-grade intraepithelial neoplasia (LGIN) is a precancerous lesion of gastric cancer. Endoscopic therapies
represented by radiofrequency ablation (RFA) and argon plasma coagulation (APC) have been applied to treat gastric LGIN in
recent years. However, no comparative study examining the effectiveness and safety profiles of RFA and APC has been reported.
Methods. A single-center, large-scale, retrospective study, including 73 and 50 patients treated with RFA and APC, respectively,
was conducted in the First Medical Center of Chinese PLA General Hospital from October 2015 to October 2020, with a two-year
follow-up. Effectiveness, complications, operative factors, and other data were assessed. Results. At 2 years of follow-up, cure,
relapse, recurrence, and progression rates were 90.4%, 9.6%, 9.6%, and 2.7% in the RFA group, respectively, versus 90%, 10%, 12%,
and 4% in the APC group, respectively, with no statistically significant differences between the two groups (all p > 0.05). However,
the mean lesion size was significantly larger in the RFA group (2.6 + 1.0 cm) than in the APC group (1.5 + 0.6 cm) (p < 0.001); there
was also a significant difference in the composition ratio of large lesions between the two groups (p <0.001). No serious
postoperative complications showed in either group, and the abdominal pain was the most common symptom in the short term
after surgery. Conclusions. RFA and APC are both safe and effective destructive therapies for gastric LGIN. RFA is more suitable
for flat and large lesions, while APC is more suitable for small lesions, especially those with slight local uplift or depression. An
intraoperative submucosal injection is expected to be an effective method for relieving postoperative abdominal pain.

1. Introduction

A few decades ago, the World Health Organization (WHO)
introduced the notion of intraepithelial neoplasia in the
recent classification of digestive system tumors, referring to
the Vienna International Consensus [1-3]. In the latter
classification, gastric mucosal intraepithelial neoplasia can
be divided into high-grade intraepithelial neoplasia (HGIN)
and low-grade intraepithelial neoplasia (LGIN), depending
on the extent of cellular and structural atypia. It is well
known that gastric mucosa intraepithelial neoplasia is a
precancerous lesion of gastric cancer. If precancerous lesions
can be eliminated, gastric cancer could be effectively pre-
vented. With a deepened understanding of the disease

progression and the improvement of therapeutic tools, a
consensus has been formed on the clinical management of
HGIN, namely; timely endoscopic treatment or surgery is
the preferred option [4, 5]. Although no consensus has been
reached on the principles of LGIN management, some
guidelines [6, 7] have recommended aggressive endoscopic
treatment for long-term gastric LGIN due to the potential
progression to gastric cancer [8-11].

As LGIN is at an earlier stage than HGIN in precan-
cerous lesions, endoscopic resection therapies are also fea-
sible, including endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD), as confirmed by
previous reports [12, 13]. However, endoscopic resection is a
high-level treatment endoscopic technique, with a long
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learning period, relatively difficult operation, complex
postoperative management, high cost, and potential serious
complications in the perioperative period [14]. The above
disadvantages have limited the further application of en-
doscopic resection therapy in LGIN.

Correspondingly, radiofrequency ablation (RFA) and
argon plasma coagulation (APC), the two most commonly
used methods in damage therapy, have been preliminarily
reported in clinical studies for the treatment of gastric LGIN
in recent years [15-19]. They have the advantages of simple
operation, low cost, low risk, and outpatient treatment,
gradually showing good clinical application prospects.

No study has reported the differences in effectiveness
and complication among damage therapies for gastric LGIN.
For this purpose, we designed this retrospective study to
compare RFA and APC in the treatment of gastric LGIN.

2. Methods

2.1. Patients. The records of 123 consecutive patients ad-
ministered RFA or APC for gastric LGIN in The First
Medical Center of Chinese PLA General Hospital between
October 2015 and October 2020 and followed up for more
than 2 years were reviewed in this single-center retrospective
study. Among them, 73 and 50 patients received RFA and
APC, respectively. All the patients provided written in-
formed consent for the procedure, and the study was
reviewed and approved by the Ethics Committee of Chinese
PLA General Hospital.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (a) treatment with RFA (macroscopic type
0-1I lesions according to the Paris classification [20]) or APC
(no specific limitation); (b) 18-85years of age; and (c)
according to the WHO standards [1], confirmed LGIN by
preoperative biopsy and HGIN and early gastric cancer
(EGC) ruled out. The exclusion criteria were as follows: (a)
HGIN or EGC confirmed or not excluded by biopsy before
the operation; (b) a history of gastric surgery; (c) patients
with severe cardiopulmonary disease who could not undergo
anesthesia; (d) patients with advanced chronic liver disease
or other serious systemic diseases who could not tolerate the
operation; and (e) patients with coagulation dysfunction or
unable to complete follow-ups as required.

2.3. Instruments and Procedures for RFA and APC. The
BARRX System (Covidien GI Solutions, Sunnyvale, CA,
United States) was used for RFA, and the argon plasma
coagulation unit (APC 300, ERBE Elektromedizin,
Tibingen, Germany) was used for APC. A disposable in-
jector (NM-200L-0425, Olympus, Tokyo, Japan) with nor-
mal saline solution was used for submucosal injections. An
accessory of the BARRX System (Covidien TTS-1100,
60RFA Conduit 909300, Sunnyvale, CA, United States) was
used for lesion ablation. Hemostatic forceps (FD-410 LR,
Olympus Medical, Tokyo, Japan) were used to prevent
hemorrhage and perforation. Other equipment and acces-
sories included a high-frequency generator (ICC-200, ERBE
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Elektromedizin, Tibingen, Germany), gastroscopes (GIF-
Q2607], GIF-H260Z, GIF-HQ290, Olympus Medical, Tokyo,
Japan), and carbon dioxide gas with a CO, insufflator (UCR,
Olympus Medical, Tokyo, Japan).

The procedure applied for RFA has been reported
previously [17]. After the lesions were found by routine
gastroscopy, they were further examined by magnifying
endoscopy (ME) combined with narrow-band imaging
(NBI) to determine the size and range. Next, an RFA
electrode was attached to the lesion surface with the assis-
tance of endoscopy. The output power for RFA was set to
57 W, and the energy density was 15]J/cm? After ablation,
the lesion surface showed white coagulation and necrosis.
Before the next ablation, the coagulated necrotic tissue on
the surface was removed with RFA electrodes. RFA was
repeated three times for each lesion to ensure complete
ablation. In addition, submucosal injection could be ad-
ministered to lesions, which was beneficial for the proce-
dure, especially in case of difficult lesions. Other details of
the RFA procedure were described in our previous study
[17].

The procedure applied for APC was simpler than that of
RFA. First, it was also necessary to re-evaluate the lesions
with ME combined with NBIL. Next, with the help of en-
doscopy, an argon plasma catheter was placed close to the
lesion surface and cauterized in a subcontact state. Unlike
RFA, we set the output power for APC to 35 W. After APC,
the lesion surface showed white, light yellow, or brown-black
coagulation areas and necrosis. Finally, the procedure was
considered to be completed after confirming that the
treatment had completely covered the lesion area. It is
important to note that APC does not require retreatment of
the same lesion area except for a local omission. Similar to
RFA, submucosal injection was used in APC during the
procedure. Other details of the APC procedure were de-
scribed in our previous study [21]. The procedures of RFA
and APC, performed by three experienced gastrointestinal
endoscopists (E. Q. Linghu, N. L. Chai, and N. J. Wang), are
shown in Figure 1.

2.4. Additional Treatments and Follow-Up. Postoperative
management and follow-up were performed according to
the previous study [17].

Each patient fasted for 4-6 h after the procedure. Then, a
liquid or semiliquid diet was provided, followed by gradual
transition to a normal diet. At the same time, patients were
administered a proton pump inhibitor (PPI) and a mucosal
protectant for 1month postsurgically. Moreover, we
explained the Wong-Baker FACES Pain Rating Scale [22] to
the patients who were each provided a form for self-re-
cording the daily pain score in the first month after RFA or
APC. The forms were returned 3 months after the patient
returned to our hospital for the first review.

All patients were required to return to our hospital for
follow-up at 3 months, 6 months, 1 year, 2 years, 3 years, 4
years, and 5 years after surgery. Patients were examined by
gastroscopy, and biopsies were performed in the original
treatment area and other suspected areas. Pathological



Canadian Journal of Gastroenterology and Hepatology 3

®

FiGure 1: Radiofrequency ablation and argon plasma coagulation procedures for gastric low-grade intraepithelial neoplasia. (a) White-light
imaging of the lesion. (b) Magnifying endoscopy with narrow-band imaging of the lesion (strong magnification). (c) After ablation, the
surface of the lesion showed white coagulation and necrosis. (d) After scraping off the necrotic mucosal tissue on the surface. (e) White-light
imaging of another lesion (reversed view). (f) After argon plasma coagulation, the surface of the lesion showed light yellow and brown-black
coagulation and necrosis.
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TABLE 1: Baseline characteristics, procedure-related parameters, and follow-ups.

RFA group (n=73) APC group (n=50) p value
Sex, male/female (n) 45/28 32/18 0.791
Age, mean + standard deviation (years) 57.1£10.8 56.5+11.2 0.759
A course of disease, n (%) 0.459
<1 year 40 (54.8) 24 (48.0)
>1 year 33 (45.2) 26 (52.0)
Macroscopic type, n (%) <0.001
0-1 0 (0) 25 (50.0)
0-11 73 (100) 23 (46.0)
0-1I11 0 (0) 2 (4.0)
Ulceration 0 0
Location of lesions, n (%) 0.917
Gastric fundus 1(1.4) 1(2.0)
Gastric body 4 (5.5) 3 (6.0)
Angle of the stomach 29 (39.7) 17 (34.0)
Gastric antrum 39 (53.4) 29 (58.0)
Size of lesions, mean + standard deviation (cm) 2.6+1.0 1.5+0.6 <0.001
Operating time, mean + standard deviation (min) 152+1.8 147+1.8 0.133
Submucosal injection, n (%) 32 (43.8) 20 (40.0) 0.672
Helicobacter pylori infection, n (%) 0.525
Yes 15 (20.5) 8 (16.0)
No 58 (79.5) 42 (84.0)
Atrophy, n (%) 0.299
Yes 27 (37.0) 14 (28.0)
No 46 (63.0) 36 (72.0)
2-year follow-up, n (%)
Curative 66 (90.4) 45 (90.0) 1.000
Relapse 7 (9.6) 5 (10.0) 1.000
Recurrence 7 (9.6) 6 (12.0) 0.669
Progression 2 (2.7) 2 (4.0) 1.000
Abdominal pain, #n (%) 42 (57.5) 31 (62.0) 0.620
findings were used to determine whether the treatment was  or the rank-sum test according to normality.

effective, as well as to assess relapse, recurrence, and pro-
gression. In this research, according to the study design, the
data of patients followed up for 2 years after the operation
were used as the evaluation criteria. The following defini-
tions were used. (1) LGIN disappearance in the original
treatment area indicated by pathological biopsy indicated a
curative effect. (2) LGIN presence in the original treatment
area indicated relapse. (3) LGIN presence in a nontreatment
area was indicated recurrence. (4) HGIN or EGC presence in
the original treatment area indicated disease progression.

On the other hand, perioperative complications and
adverse events, including bleeding, perforation, infection,
and postoperative abdominal pain, were used to assess the
safety of each operation.

2.5. Statistical Analysis. Data analysis was performed using
SPSS Statistics for Windows, version 26.0 (IBM, Armonk,
NY, USA). The data were retrospectively collected, and the
procedural parameters were compared. Measurement data
were expressed as the mean + standard deviation or the
median with range, whereas numerical data were described
as frequency and percentage and were compared by the y2
test or Fisher’s exact test. The Chi-square test was performed
to compare categorical variables. The measurement data
were analyzed by the t-test and one-way analysis of variance

P <0.05p <0.05 was considered statistically significant.

3. Results

3.1. Clinical Characteristics and  Procedure-Related
Parameters. A total of 123 patients with the mean age of 56.9
(range: 22-80) years were enrolled in the study (77 males
and 46 females). Seventy-three patients received RFA and 50
underwent APC. Of all patients, 59 had a course of disease
longer than 1 year, including 33 and 26 in the RFA and APC
groups, respectively. In the RFA group, there were 1, 4, 29,
and 39 lesions located in the gastric fundus, body, angle, and
antrum, respectively, versus 1, 3, 17, and 29 cases in the APC
group, respectively. The average operation time of the two
procedures was about 15.2 minutes and 14.7 minutes, re-
spectively. During the operation, 32 patients in the RFA
group and 20 in the APC group received submucosal in-
jection. In addition, there were 15 Helicobacter pylori
(H. pylori) infection and 27 atrophic gastritis cases in the
RFA group compared with that of 8 and 14 cases in the APC
group, respectively. There were no statistically significant
differences between the two groups in gender, age, disease
course, lesion location, operation time, proportion of sub-
mucosal injection, H. pylori infection, and atrophic gastritis
(all p>0.05). However, the mean lesion size was signifi-
cantly larger in the RFA group (2.6 +1.0cm) than in the
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TaBLE 2: Submucosal injection for postoperative abdominal pain relief.
Submucosal injection group Non-submucosal injection group p value
Abdominal pain relief ratio in the RFA group 22/32 (68.8) 9/41 (22.0) <0.001
Abdominal pain relief ratio in the APC group 13/20 (65.0) 6/30 (20.0) 0.001
Total 35/52 (67.3) 15/71 (21.1) <0.001

APC group (1.5£0.6cm) (p <0.001). Moreover, there were
also significant differences in the composition ratio of large
lesions between the two groups (p<0.001). All clinical
characteristics and procedure-related parameters of both
groups are shown in Table 1.

3.2. Therapeutic Effectiveness and Long-Term Outcomes.
All patients in both groups completed 2 years of postop-
erative follow-up, including endoscopic and symptomatic
examinations. At 2 years of follow-up, the cure, relapse,
recurrence, and progression rates were 90.4%, 9.6%, 9.6%,
and 2.7% in the RFA group, respectively, versus 90%, 10%,
12%, and 4% in the APC group, respectively. However, these
differences were not statistically significant between the two
groups (all p>0.05). Some patients with relapse and re-
currence were treated with RFA or APC again, while others
were followed up for observation. The follow-up of these
patients is still ongoing, and no case with further progression
has been recorded yet. Additional ESD therapy was per-
formed in all 4 patients with HGIN disease progression. The
short-term follow-up results of all 4 patients indicated cu-
rative resection, and the long-term follow-up is still in
progress. The specific data are also shown in Table 1.

3.3. Procedure-Related Adverse Events. As shown in Table 1,
postoperative abdominal pain occurred in both groups, and
the difference was not statistically significant (42, 57.5% vs.
31, 62.0%, p =0.620). Most of the pain occurred within
14 days postoperatively. All these patients experienced
gradual relief of symptoms after taking PPIs and mucosal
protectants. Meanwhile, in the RFA group, abdominal pain
was developed in 10 of the 32 patients administered sub-
mucosal injection, compared to 32 of the 41 who did not
receive submucosal injection (p <0.001). Similarly, in the
APC group, 7 in 20 patients administered submucosal in-
jection developed abdominal pain, while 6 in 30 individuals
not administered submucosal injection had no obvious
abdominal pain, showing a significant difference between
the two groups (p = 0.001). Overall, only 17 of the 52 pa-
tients administered submucosal injection developed ab-
dominal pain, while up to 56 of the 71 not administered
submucosal injection developed abdominal pain, with a
statistically significant difference (p <0.001). These data are
presented in detail in Table 2. In addition, no perioperative
bleeding, perforation, infection, or other serious compli-
cations occurred in any of the 123 patients.

4. Discussion

Recently, endoscopic RFA and APC have been applied for
the clinical treatment of gastric LGIN, with their working

principles described in several previous reports [15-19, 21].
RFA causes the movement of charged particles in tissues to
generate heat through the action of high-frequency alter-
nating current to evaporate water inside and outside the
cells, which dry, shrink, and fall off, resulting in aseptic
necrosis. Furthermore, the output power and energy density
of each RFA are controlled and do not increase with the
operation time. Unlike RFA, APC is a noncontact damage
treatment, which exerts effects by spraying ionized argon gas
onto the target mucosal surface, thereby transferring high-
frequency electrical energy to tissues and utilizing thermal
effects to deactivate and dry the tissue and to cause coag-
ulation and necrosis. In general, both procedures achieve the
goal of treating lesions by inducing local damage.

As previously mentioned, a few studies have prelimi-
narily explored the clinical treatment effectiveness of RFA
and APC in gastric LGIN. However, no reports have
compared large clinical samples between RFA and APC, and
this study filled this gap.

First, we compared clinical characteristics and proce-
dure-related parameters between the two groups. In this
study, no statistically significant differences were found
between the RFA and APC groups in terms of the gender,
age, disease course, lesion location, operation time, pro-
portion of submucosal injection, and mucosal background
(H. pylori infection and atrophic gastritis). However, the
overall lesions were larger in the RFA group than in the APC
group, which may be related to divergent working principles
of RFA and APC. For the former method, using an electrode
patch for ablation can treat larger lesion areas, while the
latter is more favorable for treating smaller lesions because
of the point-like cauterization. Similarly, flat lesions were
selected for RFA because the electrode patch used for ab-
lation is flat, while the treatment method in APC is point-
like cauterization so that APC is also suitable for swelling or
sunken lesions. This caused a significant difference in the
composition ratio of large lesions between the two groups.
However, it should be noted that HGIN or EGC more likely
occurs in nonflat lesions, especially in depressed ones.
Therefore, special attention should be paid to preoperative
evaluation and screening.

Secondly, both RFA and APC showed good clinical ef-
fectiveness for gastric LGIN, with effectiveness rates in both
groups surpassing 90% in the 2-year follow-up period, which
preliminarily suggests the damage therapy of gastric LGIN is
simple and efficient. However, there were still some patients
with postoperative relapse and recurrence. The results showed
H. pylori infection and/or atrophic gastritis were present in 21
of all the 25 relapse or recurrence cases. Meanwhile, patients
with a disease course longer than 1 year also accounted for a
high proportion of relapse or recurrence cases (76%, 19/25).
According to the results, H. pylori infection and atrophic



gastritis might change the overall state and microenviron-
ment of the gastric mucosa to some extent, and a longer
disease course might further exacerbate these changes, which
are all possible causes of LGIN relapse or recurrence. This
finding corroborated previous studies [23, 24] because
H. pylori predisposes the mucosa to intestinal metaplasia and
the odds of intraepithelial neoplasia are higher in atrophic
and intestinal metaplasia than in the normal mucosa.
Meanwhile, we noted that more than half of lesions were
concentrated in the gastric antrum, which might be associated
with the early occurrence of mucosal atrophy in the gastric
antrum and its susceptibility to H. pylori. This also supported
our conclusions from another aspect.

In addition, during the follow-up period, 4 patients in
both groups had disease progression, from LGIN to HGIN.
A review of previous studies showed that lesion size >1 cm,
erythema, erosion, ulceration, nodular changes on the lesion
surface, and significant depression of the lesion are all risk
factors for progression from LGIN to HGIN or EGC [25, 26].
Lesion sizes in our 4 cases were all over 1 cm; of these, 3 cases
were accompanied by surface erythema and the remaining
had mild erosion. At the same time, none of the 4 cases had
ulceration or obvious depression. We reviewed the images
obtained by preoperative magnification endoscopy again
and found no significant loss of surface microstructures or
microvessels, and these lesions were still included in patient
screening. This also indicated that the existing endoscopic
screening theory of EGC might still need to be further
improved. We look forward to carrying out further research
in this field in the future. On the other hand, although we
carried out sufficient endoscopic assessment and localiza-
tion, preoperative biopsy still could not fully reflect the
overall situation of the lesion, and there is potential bias. This
might allow some lesions already of the HGIN or EGC type
to be included in the study. This is another possible cause of
postoperative pathological escalation.

Thirdly, in terms of postoperative adverse events, more
than half of patients in both groups experienced short-term
abdominal pain after surgery. Further analysis indicated
patients administered submucosal injection during surgery
had a lower incidence of postoperative abdominal pain
compared with those not administered submucosal injection
in the RFA, APC, or whole cohort, corroborating a previous
study [27]. The mechanism might involve the protection and
thermal partition of the deep muscle tissue by using the
liquid pad formed by submucosal injection. Therefore, the
submucosal injection was recommended during the damage
therapy. This needs to be clarified in subsequent, larger
randomized controlled studies. Furthermore, no serious
complications such as bleeding, perforation, and infection
occurred in either group during the perioperative period,
and the patients had satisfactory safety. However, the risk of
perforation in APC was reported previously [28]. The main
cause of perforation was deep burning during the operation.
Therefore, it is very important to maintain the subcontact
state between the argon plasma catheter and the lesion
surface. For medical centers preparing to carry out this
treatment, it is advisable for endoscopists with relatively long
treatment experience to complete the procedure.
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Last but not the least, operation times in both groups
were very short, about 15 minutes. In general, RFA and APC
can be performed by endoscopists as long as they are skilled
in gastroscopy, which results in significantly reduced cost
and the learning curve for surgical training in RFA and APC.
Meanwhile, both procedures can be performed on an out-
patient basis, which effectively saves medical resources. All
these advantages constitute the basis for the clinical appli-
cation and promotion of these techniques in the future.

This study had some limitations. Firstly, this was a
single-center retrospective study with a certain inherent bias.
In addition, improving the accuracy of preoperative eval-
uation remains a clinical difficulty that needs further in-
vestigation. Furthermore, it is also urgent to carry out large-
sample randomized controlled clinical studies on submu-
cosal injection for the relief of postoperative abdominal pain.

5. Conclusion

RFA and APC are both safe and effective damage therapies
for gastric LGIN. RFA is more suitable for flat and large
lesions, while APC is more suitable for small lesions, es-
pecially those with slight local uplift or depression. Intra-
operative submucosal injection is expected to be an effective
tool for relieving postoperative abdominal pain. As simple
and efficient endoscopic treatment techniques for gastric
LGIN, both tools are worthy of further clinical promotion.
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Background. Patients with early gastric cancer undergoing noncurative endoscopic submucosal dissection (ESD) have a risk of
tumor recurrence and metastasis, and some patients need additional surgery. The purpose of this study was to explore the risk
factors of cancer residue and lymph node (LN) metastasis after noncurative ESD for early gastric cancer and to compare the short
outcome of early and delayed additional surgery. Methods. The clinicopathological characteristics of 30 early gastric cancer
patients who received noncurative ESD and additional surgery were studied retrospectively. Multivariable regression was utilized
to examine the independent risk factors for residual cancer and LN metastasis. Receiver operating characteristic curve was used to
analyze the multivariable model’s predictive performance. Furthermore, the perioperative safety and radical tumor performance
of early surgery (<30 days, n=11), delayed surgery (>30 days, n=11) after ESD, and upfront surgery (n=59) were compared.
Results. Multivariable regression showed that diffuse type of Lauren classification, submucosal invasion, and positive human
epidermal growth factor receptor-2 (HER-2) were risk factors for residual cancer. Undifferentiated carcinoma, vascular invasion,
and positive vertical margin were risk factors for LN metastasis. The area under the curve (AUC) of the multifactor model
predicting cancer residue and LN metastasis was 0.761 and 0.792, respectively. The early surgery group experienced higher
intraoperative blood loss and a longer operation time than the delayed surgery and upfront surgery groups. There was no
significant difference in the number of LN dissections, LN metastasis rate, and postoperative complications among the three
groups. Conclusion. Diffuse type of Lauren classification, submucosal invasion, and positive HER-2 are risk factors for residual
cancer, while undifferentiated carcinoma, vascular invasion, and positive vertical margin are risk factors for LN metastasis.
Delayed additional surgery after ESD (>30 days) has higher intraoperative safety, without affecting the radical resection in early
gastric cancer patients.

1. Introduction

At present, gastric cancer is still one of the diseases seriously
endangering human health. The treatment effect of advanced
gastric cancer and early gastric cancer differs greatly, with
the 5-year survival rate of the former being less than 30%
while the latter exceeding 90% [1, 2]. Therefore, early de-
tection and standardized treatment are the keys to im-
proving the long-term outcome of gastric cancer patients.

Endoscopic submucosal dissection (ESD) is an impor-
tant treatment for early gastric cancer. Japanese guidelines

for the treatment of gastric cancer recommend ESD as the
preferred treatment for early gastric cancer with a low risk of
lymph node (LN) metastasis, and the eCura evaluation
system is used to judge its radical performance [3]. The
noncurative ESD mainly includes two types: one is nonw-
hole resection or positive horizontal resection margin
(eCura-1) and the other is associated with high-risk factors
for LN metastasis (eCura-2) [3-5]. For the former, indi-
vidualized treatment can be adapted according to the specific
situation, including re-ESD treatment [6], additional surgery
[7], or close follow-up [8]. For the latter, additional surgery
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is recommended [9]. However, in practice, it was common
that neither cancer residue nor LN metastasis was found in
cases receiving additional surgery after noncurative ESD.

There is still some controversy on how to choose re-
medial measures for cases with noncurative ESD. Accurate
evaluation of residual cancer and LN metastasis after ESD is
the main basis for determining remedial measures. If cor-
rective surgery is chosen, there is no agreement on the ideal
time to perform it. Therefore, in the present study, we
hypothesized that the clinicopathological features of the ESD
tissue can be used to predict cancer residual and LN me-
tastasis in patients with early gastric cancer. Meanwhile, the
timing of additional surgery may affect the perioperative
outcome.

2. Materials and Methods

The clinical and pathological data of 89 patients with early
gastric cancer who received surgical treatment in the First
Affiliated Hospital of Soochow University from July 2016 to
June 2019 were collected.

Patients who have confirmed early gastric cancer by
postoperative pathology, namely, the cancer invasion was
limited to the mucosa and submucosa, and preoperative CT,
MRI, and other examinations without signs of distant
metastasis were included in the study. Patients who un-
derwent emergency surgery due to bleeding or perforation
caused by ESD treatment, or with a history of endoscopic
gastric surgery or upper abdominal surgery, or with heart,
lung, liver, kidney, and other organ dysfunction and ab-
normal coagulation function before surgery, or with other
types of malignant tumors, or with incomplete clinical and
pathological data were excluded from the study. This study
was approved by the hospital ethical committee
(20190511003).

Among them, 30 patients received ESD treatment first
and were pathologically assessed as noncurative ESD, fol-
lowed by surgical treatment. The ESD indication was in line
with the 5th edition of Japanese gastric cancer treatment
guidelines [3]. The ESD noncurative resection was deter-
mined as long as the pathology meets one of the following
criteria: positive horizontal or vertical margin, vascular
infiltration, submucosal infiltration depth >500 ym (SM2),
differentiated tumor with ulceration (cTla stage) diameter
>3 cm, and the depth of submucosal invasion was <500 ym
(SM1), but the diameter was >3 cm; the invasion of the
undifferentiated tumor was deep submucosal or larger than
2cm in diameter or accompanied by ulceration [3].
According to the time of additional surgery, the patients
were divided into the early surgery group (<30 days after
ESD, 19 cases) and the delayed surgery group (>30 days after
ESD, 11 cases). The other 59 patients underwent upfront
surgical treatment.

General data, including age, gender, and body mass
index (BMI), were collected. Pathological information
consisting of lesion diameter, ulcer, Lauren classification,
depth of invasion, vascular invasion, differentiation type,
ESD margin, HER-2 expression, residual cancer, and LN
metastasis were obtained. For the risk factors of cancer
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residue and LN metastasis after ESD surgery, the possible
influencing factors were analyzed by univariable analysis,
and then, the risk factors were obtained by multivariable
logistic regressions. Furthermore, the receiver operating
characteristic (ROC) curves of the independent factors and
the multifactor model were used to judge their predictive
capability. To investigate the best timing for additional
surgery, intraoperative data including surgery approach,
operation time, intraoperative blood loss, number of dis-
sected LN, and postoperative data, containing flatus and
defecation time, oral feeding time, postoperative compli-
cations, and postoperative hospital stay were compared
among three groups (early surgery after ESD, delayed sur-
gery after ESD, and direct surgery).

In this study, SPSS 22.0 (IBM Corp., Armonk, NY, USA)
was used for data statistical analysis. Values with a normal
distribution were reported as mean + standard deviation
(SD), and skewed data were expressed as median and
25-75% interquartile range (IQR). The difference between
groups was compared using the chi-square test or Fisher’s
exact probability method. P was considered statistically
significant.

3. Results

A total of 89 patients with early stage gastric cancer were
included in this study, including 30 patients who underwent
additional surgery after noncurative ESD and 59 patients
who underwent upfront surgery. The effects of varied sur-
gical time were compared in the overall patients after the
noncurative ESD patients were examined.

3.1. Basic Characteristics of Patients with Noncurative ESD.
Postoperative pathological analysis of 30 patients under-
going additional surgery showed residual cancer in 16 cases
and LN metastasis in 5 cases. Patients were divided into two
groups according to the presence of cancer residue and LN
metastasis, and the differences in basic information and
pathological features after ESD were compared between the
two groups (Table 1). Between the two groups with and
without cancer residue, significant difference in age, Lauren
categorization, depth of cancer invasion, horizontal resec-
tion margin, vertical resection margin, and human epi-
dermal growth factor receptor-2 (HER-2) expression were
found. There were significant differences in tumor differ-
entiation type, vascular invasion, vertical resection margin,
and HER-2 expression between patients with and without
LN metastasis. There were no significant differences in
gender, BMI, ESD indication (absolute or enlarged), ulcer,
and diameter between groups with or without cancer residue
and with or without LN metastasis.

3.2. Risk Factor Analysis of Noncurative ESD Patients with
Residual Cancer and LN Metastasis. First, univariable
analysis was conducted for the risk factor of residual cancer
and LN metastasis. Further multivariable regression analysis
showed that diffuse type of Lauren classification (OR =2.28,
95% CI: 1.81-2.45, P =0.014), submucosal invasion
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TaBLE 1: Characteristics of patients with noncurative ESD.
Residual cancer p LN metastasis p
Yes (n=16) No (n=14) Yes (n=05) No (n=25)

Gender

Male 13 12 4 21

Female 3 ) 0.432 1 4 0.124
Age (years)

>65 2 7 1 8

<65 14 7 0.025 4 17 0.592
BMI (kg/mz) 23.1+4.2 22.7+3.6 0.032 243+4.1 22.3+39 0.104
ESD indication

Absolute 6 4 2 8

Enlarged 10 10 0.521 3 17 0.221
Lauren type

Intestinal 2 11 1 12

Diffuse 14 3 0.001 4 13 0.191
Ulcer

Yes 5 4 2 7

No 9 » 0.523 3 13 0.592
Lesion diameter

<3cm 12 10 4 18

>3 cm 4 4 0.825 1 7 0.712
Pathological type

Differentiated 7 6 1 12

Undifterentiated 9 8 0.964 4 13 0.024
Depth of invasion

Mucosa 2 9 0 11

Submucosa (or deeper) 14 5 0.003 5 14 0.062
Vascular invasion

Positive 4 3 4 3

Negative 12 11 0.818 1 22 0.003
Vertical margin

Positive 12 0 4 6

Negative 4 14 0.001 1 19 0.015
Horizontal margin

Positive 9 0 2 9

Negative 7 14 0.001 3 16 0.864
HER-2 expression

Positive 11 1 4 8

Negative 5 13 0.001 1 17 0.045

(OR=1.87, 95% CI: 1.32-2.14, P =0.023), and positive
HER-2 (OR=2.41, 95% CI: 2.03-2.71, P = 0.008) were in-
dependent risk factors for residual cancer (Table 2). Path-
ologically undifferentiated (OR=2.76, 95% CI: 1.87-3.21,
P =0.021), vascular invasion (OR =2.53, 95% CI: 2.21-2.98,
P =0.013), and positive vertical margin (OR = 1.81, 95% CI:
1.65-2.13, P = 0.027) were independent risk factors for LN
metastasis (Table 3). Positive HER-2 was not an independent
risk factor for LN metastasis, and age was not an inde-
pendent risk factor for residual cancer.

3.3. The Single Independent Factor and Multifactor Model
Predicting Residual Cancer and LN Metastasis. The above
independent risk factor and multivariable models created
ROC curves to assess the accuracy of residual cancer and LN
metastatic prediction (Table 4). The results showed that the
area under the curve (AUC) predicting cancer residue by the

multifactor model was 0.761, the specificity was 0.714, and
the sensitivity was 0.813 (Figure 1). The AUC, specificity, and
sensitivity of the multifactor model for predicting LN me-
tastasis were 0.792, 0.800, and 0.640 (Figure 2).

3.4. Comparison of Additional Surgery with Different Timing
after ESD and Direct Surgery in Early Gastric Cancer Patients.
In order to determine the optimal timing for additional
surgery after noncurative ESD, patients undergoing addi-
tional surgery were divided into the early surgery group (<30
days) and delayed surgery group (>30 days). Patients with
early gastric cancer who underwent direct surgery were set as
the control group. The safety and radical resection of the
three groups were compared. The delayed surgery group had
less intraoperative blood loss and a shorter operation time
than the early surgery group, according to the findings.
There were no significant differences in the number of LN
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TaBLE 2: Univariable analysis and multivariable logistic regression analysis for residual cancer.

Univariable Multivariable
OR 95% CI P OR 95% CI P
Age <65 1.21 0.78-1.67 0.109
Diffuse type of Lauren classification 3.67 2.53-3.78 0.007 2.28 1.81-2.45 0.014
Submucosal invasion 2.12 1.56-2.81 0.019 1.87 1.32-2.14 0.023
HER-2 positive 3.32 2.13-4.02 0.001 2.41 2.03-2.71 0.008

TaBLE 3: Univariable analysis and multivariable logistic regression analysis for LN metastasis.

Univariable Multivariable
OR 95% CI P OR 95% CI p
Undifferentiated carcinoma 2.82 2.10-3.43 0.015 2.76 1.87-3.21 0.021
Vascular invasion 2.79 1.91-3.27 0.011 2.53 2.11-2.98 0.013
Vertical margin positive 1.97 1.72-2.34 0.021 1.81 1.65-2.13 0.027
HER-2 positive 1.19 0.91-1.44 0.213

TaBLE 4: The single independent factor and multifactor model predicting residual cancer and LN metastasis.

Factors AUC Specificity Sensitivity
Predicting residual cancer
Multifactor model 0.761 0.714 0.813
Diffuse type of Lauren classification 0.536 0.645 0.595
Submucosal invasion 0.673 0.589 0.829
HER-2 positive 0.553 0.512 0.614
Predicting LN metastasis
Multifactor model 0.792 0.640 0.800
Undifferentiated carcinoma 0.581 0.504 0.631
Vascular invasion 0.629 0.577 0.812
Vertical margin positive 0.521 0.492 0.587
1.0 1.0
0.8 0.8
= 0.6 - = 0.6
Z Z
: g
“ 04 4 04
0.2 0.2 -
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - specificity 1 - specificity
FiGgure 1: ROC curve for the selected logistic regression model in FiGgure 2: ROC curve for the selected logistic regression model in
the diagnosis of residual cancer. Area under the curve=0.761; the diagnosis of LN metastasis. Area under the curve=0.792;

sensitivity = 81.3%; specificity = 71.4%. sensitivity = 80.0%; specificity = 64.0%.
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dissections, LN metastatic rate, or postoperative complica-
tions between the two groups. The early surgery group also
had more intraoperative blood loss and longer hospital stays
than the direct surgery group. However, there was no sig-
nificant difference in intraoperative and postoperative in-
dicators between the delayed surgery group and the direct
surgery group (Table 5).

4. Discussion

How to accurately predict residual cancer and LN metastasis
after noncurative ESD is of great significance to guide
clinical practice. There is no clear consensus on the timing of
remedial surgery after ESD. Therefore, this study first an-
alyzed the risk factors of cancer residue and LN metastasis in
patients with noncurative ESD and then further compared
the influence of early and delayed surgery on perioperative
safety and radical resection. Postoperative pathologically
confirmed tumor residue was found in 18 cases (accounting
for 60.0%) of the 30 patients with early gastric cancer who
underwent noncurative ESD and additional surgery, in-
cluding 16 cases with primary tumor residue (accounting for
53.3%) and 5 cases with LN metastasis (accounting for
16.7%). Three of them (10%) had primary residual cancer
with LN metastasis. This group of data shows that innocent
surgical patients accounted for 40%.

Multivariable regression analysis showed that diffuse
type of Lauren classification, submucosal invasion, and
positive HER-2 were risk factors for residual cancer. The
diffused invasive growth pattern of tumors may hinder
endoscopists from accurately determining tumor tissue
boundaries. The increased depth of vertical infiltration has
the potential to exceed the excision layer of ESD operation.
Sangjeong et al. found that the increase of positive margin
length was an important risk factor for residual cancer. The
sensitivity of positive margins with a total length of more
than 6 mm to residual cancer diagnosis was 85.7% [10].
Sunagawa et al. found that positive horizontal and vertical
margins were risk factors for residual cancer by analyzing
200 cases of noncurative ESD surgery [11]. Nie et al. ob-
served that tumor diameter >3 cm, undifferentiated type,
and positive horizontal margin enhanced the probability of
residual cancer in a meta-analysis of 4870 cases [12]. A
positive edge means that there are tumor cells within 2 mm
of the boundary tissue [13], which is related to the burning of
the edge and the fixation of the specimen. Proper surgery
and specimen processing can help forecast the likelihood of
residual cancer with more accuracy. In addition, endoscopic
amplification and staining should be performed routinely
before ESD to accurately determine the horizontal boundary
of lesions. Endoscopic ultrasonography is useful for deter-
mining the depth of lesion invasion and identitying in-
stances that are suited for ESD treatment. Numata et al.
found that the overall positive rate of horizontal resection
margin was 2% (21/1053) in 1053 cases of early gastric
cancer undergoing ESD, and the follow-up found that the
local recurrence rate was 0.3% (3/1053) in all patients, and
the time of local recurrence ranged from 8 to 34 months [13].
Sekiguchi et al. analyzed 77 patients with positive horizontal

resection margin after ESD and selected follow-up. They
found that the local tumor recurrence rate within 5 years was
11.9%, and more than 6 mm was an effective indicator to
predict recurrence [8]. Surgical operation is recommended
for patients with positive vertical margin, but there is no
unified opinion on whether to perform ESD again or ad-
ditional surgery for follow-up treatment with positive
horizontal margin (eCura-Cl) [3], which needs to be de-
termined by patients’ specific conditions and hospital op-
eration routine and needs to be confirmed by clinical studies
with larger samples.

In this study, the proportion of LN metastasis in patients
with noncurative ESD resection was 16.7% (5/30). This is
slightly higher than the reported 9.8% incidence of LN
metastasis in patients with additional surgery after endo-
scopic treatment [14]. This may be related to the fact that
most of the patients with noncurative ESD in this study were
with the extended ESD indications. Multivariable regression
analysis showed that undifferentiated tumor, vascular in-
vasion, and positive vertical margin were risk factors for LN
metastasis. Undifferentiated gastric cancer includes poorly
differentiated adenocarcinoma, signet-ring cell carcinoma,
and mucinous adenocarcinoma. Studies have shown that the
LN metastasis rate of these three types of early gastric cancer
can reach 6.0%-44.4% [15]. Undifferentiated intramucosal
carcinoma above 2 cm is not an absolute indication for ESD
because of the relatively high probability of LN metastasis
[3]. LN metastasis was 6.7 times higher among patients with
lymphovascular invasion than in those without, and LN
positivity increased significantly with increasing depth of
lesion invasion, according to a postoperative histopatho-
logical analysis of 3131 patients with early gastric cancer.
Meta studies have found that the LN metastasis rate can
reach 2.5% when the tumor infiltrates to the 300 yum sub-
mucosal layer, which is close to 2.8% when the tumor in-
filtrates to the 500 ym submucosal layer [16]. The submucosa
contains a large number of lymphatic vessels, and tumor
cells that infiltrate the submucosa are more likely to spread
to LN via these vessels. Japanese guidelines also clearly
indicate that additional surgery is imperative when sub-
mucosal invasion exceeds 500 ym, or there is undifferenti-
ated carcinoma or vascular invasion (eCura-C2) [3]. This is
consistent with our findings.

However, there is no consensus on when to perform
surgery after noncurative ESD. Our study found that delayed
surgery (>30 days) was associated with less intraoperative
bleeding, operative time, and hospital stay than early surgery
(<30 days), and there were no significant differences in
complications or radical outcomes. This is consistent with
the results of other studies. By analyzing 154 patients un-
dergoing additional surgery after ESD, Kim et al. found that
compared with the delayed surgery group (>29 days), the
early surgery group (<29 days) had longer operation time
and more intraoperative blood loss [17]. There was no
significant difference in the tumor recurrence rate between
the two groups after additional follow-up [18]. By analyzing
107 cases of additional surgery after ESD, Lee et al. found
that patients with an interval of fewer than 24 days and ESD-
related ulcers over 4.6 cm had more intraoperative bleeding
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TaBLE 5: Comparison of safety and radical resection between different surgery timing for early gastric cancer.
Early surgery after ~ Delayed surgery ~ Direct surgery P1 (early vs. P2 (early vs. P3 (delayed vs.
ESD (n=19) after ESD (n=11) (n=59) delayed) direct) direct)

Age (year) 61.4+10.3 63.5+8.9 62.7+11.4 0.532 0.312 0.571
Gender (male) 17 8 33 0.093 0.012 0.037
BMI (kg/mz) 221+4.2 24.5+3.9 23.6+4.7 0.211 0.421 0.542
Extent of gastric resection

Distal gastrectomy 13 8 42

Proximal gastrectomy 2 1 6 0.533 0.242 0.471

Total gastrectomy 4 2 11
Surgery approach

Laparoscopic 12 8 38 0.231 0.123 0.701

Open 7 3 21
Operation time (min) 28974 230 £ 66 245+102 0.046 0.072 0.144
gﬁao?eram’e blood loss 214218 252+ 102 321+138 0.012 0.025 0.059
No. of LN dissection 22+7 19+8 23+7 0.634 0.453 0.323
LN metastasis rate 15.8% (3/19) 18.2% (2/11) 13.6% (8/59) 0.324 0.279 0.145
Postoperative flatus and 61+2.8 48+22 49+31 0139 0.051 0231
defecation time (d)
Postoperative oral feeding 53+3.8 47435 47429 0.711 0213 0572
time (d)
i;’)smperanve hospital stay 123458 10.5+4.1 9.8+2.9 0.062 0.031 0.342
Postoperative 4 3 12 0.312 0.192 0.211

complications (1)

and longer operation time [19]. Within 4-8 weeks after ESD
surgery, local edema, inflammation, and scar formation of
gastric wall tissue exist [20]. This could be one of the reasons
for the early surgical group’s longer operative time and
higher intraoperative blood loss. Tissue edema and in-
flammation may subside after more than a month, reducing
the complexity of the surgery. Some studies have found that
convergence of gastric mucosa due to scarring caused by
ESD operation in the middle and upper stomach can affect
the selection of additional surgical methods, and the pro-
portion of distal gastrectomy is significantly reduced [21].
This is also a significant influence in increasing the duration
of surgery and the amount of blood loss. But larger, higher-
quality studies are needed to determine the best timing of
additional surgery. The gender showed some difference
between the direct surgery group and additional surgery
group. We considered this was due to the small size of the
ESD group which has a relatively high male proportion.
Since the gastric surgery was performed in the upper ab-
domen and the BMI was comparable among the three
groups, the gender difference theoretically should have little
effect on the surgery process and recovery.

This study has some limitations. First, this was a single-
center retrospective study, and some ESD cases were with
expanded indications, which may have selection bias. Sec-
ond, due to the small sample size, the power of test of the
factor undifferentiated carcinoma was slightly weak. Thus,
when we consider the effect of pathological type on LN
metastasis in practice, we should take it with caution based
on the present data. In addition, although the prediction
ability of risk factors on cancer residue and LN metastasis
was analyzed by the ROC curve in this study, it has not been
verified in a large number of cases. Third, this study mainly

observed the perioperative safety of patients, and the long-
term prognosis has not been recorded, which needs to be
turther studied.

5. Conclusions

In conclusion, diffuse type of Lauren classification, sub-
mucosal invasion, and positive HER-2 were risk factors for
residual cancer, while undifferentiated tumor, vascular in-
vasion, and positive vertical margin were risk factors for LN
metastasis. In early gastric cancer patients, delaying surgery
after ESD (>30 days) improves intraoperative safety without
compromising radical resection.
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Objective. This study introduces a technique for esophagojejunostomy with half transected and self-pulling (HTSP) and evaluates
the safety, feasibility, and clinical results of this technique in totally laparoscopic total gastrectomy (TLTG). Materials and
Methods. From May 2019 to March 2021, 42 patients (HTSP group) who underwent HTSP-TLTG surgery in the Department of
Abdominal Tumor Surgery of Jiangxi Cancer Hospital were included in this study. The control group consisted of 50 patients
undergoing conventional TLTG surgery (conventional anastomosis group) performed by the same surgical team from March
2018 to March 2020. The clinical data of the two groups were retrospectively analyzed and compared. Results. The mean operation
time of the HTSP-TLTG surgery was 166.7 + 13.1 minutes and the anastomosis time was 20.8 + 2.0 minutes, which were sig-
nificantly shorter than those of traditional TLTG (P < 0.05). There were no significant differences between the two groups in blood
loss, time to first exhaust, postoperative hospital stay, and incidence of surgery-related complications. Conclusion. HTSP is a safe
and feasible way of endoscopic esophagojejunal anastomosis, which requires a relatively low suture technique under endoscopy,

and is suitable for promotion.

1. Introduction

Laparoscopic treatment of gastric cancer has been widely
carried out in many countries around the world [1-3]. With
the continuous maturity and improvement of laparoscopic
technology, it is not limited to be the treatment for early
gastric cancer, and its efficacy in advanced gastric cancer has
gradually been recognized [4-8]. Compared with laparo-
scopic-assisted radical gastrectomy (LAG), total laparo-
scopic gastrectomy (TLG) has the advantages of better
visualization, shorter operation time, less postoperative pain,
and smaller incision, so it is widely accepted and respected
by surgeons [9-11]. In view of the difficulty and high
technical requirements of total esophagojejunostomy, TLTG
is not as widely used as total laparoscopic distal gastrectomy
(TLDG) [12-15].

Currently, esophagojejunostomy is mainly performed
with circular and linear staplers. The former mainly includes
the peroral stapler anvil device (OrVil™) method, reverse
puncture placement (RPD) method, purse-string stapler
method, and manual suture method; the latter mainly in-
cludes functional end-to-end anastomosis (FETE), partially
overlapping side-to-side anastomosis (overlap group), and
“m-type” anastomosis [16-20]. Anastomosis techniques are
continuously improving and innovating but still face many
problems, such as difficulty in laparoscopic anvil implan-
tation, difficulty in common opening suturing, and high
price.

To address these issues, our team created the half-
transected self-pulling (HTSP) esophagojejunostomy tech-
nique in May 2019, based on a summary of traditional
surgical experience, combined with the advantages of linear
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staplers. In this report, we will describe the novel stapling
technique in detail and analyze its feasibility and short-term
safety by comparing its clinical results with conventional
TLTG (overlap or functional end-to-end anastomosis
(FETE)). Our preliminary experiments have shown that
HTSP is a simple and safe way for endoluminal esoph-
agojejunostomy. Without the need to add any surgical steps,
this technique makes the manual suture link of the common
opening simpler and faster, further reduces the difficulties,
and shortens the anastomosis time; therefore, it is more
easily accepted and popularized by surgeons.

2. Material and Methods

Between May 2019 and March 2021, 42 patients (HTSP
group) who underwent HTSP-TLTG surgery in the De-
partment of Abdominal Tumor Surgery of Jiangxi Cancer
Hospital were included in this study. The control group
consisted of 50 patients (conventional anastomosis group)
undergoing conventional TLTG surgery performed by the
same surgical team from March 2018 to March 2020. Pre-
operative evaluation methods mainly include endoscopy,
ultrasonography, and enhanced CT.

Inclusion criteria of this study were as follows: (1)
preoperative pathological confirmation of gastric adeno-
carcinoma; (2) endoscopy confirmed that the tumor is lo-
cated in the gastric body, fundus, or cardia; (3) preoperative
CT staging is cT1-4aN0-2MO0; (4) patients signed an in-
formed consent form; (5) approval by the Ethics Committee
of Jiangxi Cancer Hospital. Patient information was col-
lected, including age, gender, body mass index (BMI), op-
eration and anastomosis time, blood loss, pathological stage,
and postoperative complications.

2.1. Surgical Approach for HTSP-TLTG. Gastric tubes and
urinary catheters were routinely placed in all patients before
surgery. Under general anesthesia with endotracheal intu-
bation, the patient was placed in the reverse Trendelenburg
position with legs apart and the head elevated to about 15 .
The chief surgeon was on the left side of the patient, the
assistant was on the right side, and the camera holder was
between the legs. The five-hole method was used in the
operation. A longitudinal incision of 10 mm with trocar was
made 1 cm below the umbilicus as the observation hole, and
it was also used to establish pneumoperitoneum and
maintain CO, pressure at 12-14 mmHg
(ImmHg=0.133kPa). A 12mm trocar was placed 2cm
below the costal margin of the left anterior axillary line and
2 cm above the umbilicus of the right midclavicular line as
the main operating hole for the chief surgeon and the right-
hand operating hole for the assistant, respectively. A 5mm
trocar was placed 2 cm below the costal margin of the right
anterior axillary line and 2 cm above the umbilicus of the left
midclavicular line as the left-hand operating hole for the
chief surgeon and assistant, respectively (Figure 1(a)). The
abdomen and pelvis were explored to rule out peritoneal
implants and distant metastasis. Routine D2 dissection was
completed according to the standardized requirements for
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radical gastrectomy for gastric cancer. The need to transect
part of the diaphragmatic crus was decided by judging the
level of tumor location, and the duodenum was transected
with a linear stapler (Figure 1(b))

2.2. Reconstruction of the Alimentary Canal with HTSP-
TLTG. The lower esophagus is partially dissected (the
gastric corpus tumor was cut off from the cardia and the
esophagogastric junction tumor was cut off from the upper
edge of the tumor) by using a linear stapler (Figures 2(a) and
2(b)), a small longitudinal hole perpendicular to the tan-
gential line of the esophagus was made with an ultrasonic
knife; then, the stomach and the greater omentum are all
sent to the right abdomen of the patient, and the traction
force to the right and downward of the esophagus is formed
under the action of gravity, which is called “half-transected
self-pulling” (Figures 2(c) and 2(d)). The jejunum was
dissected with a linear stapler at 15-20 cm from the Treitz
ligament, and a hole was made in the distal jejunum wall
opposite to the mesentery at a distance of 8 cm from the cut
end (Figures 3(a) and 3(b)). After that, the chief surgeon and
the assistant switched positions, with the chief surgeon on
the right side of the patient. The jejunum was lifted up, and
the linear stapler was used to tilt 45° to complete the lateral-
lateral anastomosis between the posterior esophageal wall
and the jejunum wall opposite to the mesentery (if the tumor
is low, the anastomosis is completed outside the crus of the
diaphragm, and if the tumor is high, the anastomosis is
completed inside the crus of the diaphragm) (Figures 3(c)
and 3(d)). The common opening was closed with 3-0 barbed
sutures from left to right in a continuous manner
(Figures 4(a) and 4(b)). After the sutures were closed to
about 3/4, the assistant cut off the remaining part of the
esophagus with an ultrasonic knife (Figures 4(c) and 4(d)).
After the common opening was completely closed, the je-
junal seromuscular-diaphragmatic suture was continued
from right to left to reinforce the common opening
(Figure 5(a)). The proximal jejunum was perforated at 8 cm
from the break, and the proximal jejunum was laterally
anastomosed with the jejunum at about 40 cm from the
esophagojejunostomy (Figure 5(b)), 3-0 barbed line full-
thickness suture from left to right to close the common
opening, followed by reinforcement of the seromuscular
layer from right to left (Figures 5(c) and 5(d)). The specimen
was placed in a specimen bag and removed through an
extended umbilical incision and placed on a negative
pressure drainage tube in the splenic fossa.

2.3. Evaluation Criteria. The surgical indicators, the oc-
currence of postoperative complications, and the postop-
erative recovery between the two groups were compared.
The surgical indexes included operative time, anastomosis
time, and intraoperative blood loss. The postoperative re-
covery indexes included the time to the first postoperative
exhaust and the postoperative hospital stay. Postoperative
complications included abdominal or anastomotic bleeding,
anastomotic leakage, anastomotic stricture, pancreatic leak,
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FIGURE 1: (a) Trocar hole position distribution, 1 cm below the umbilical disposal into the 10 mm trocar as the observation hole. (b) The

duodenum after transection.

lymphatic leak, abdominal infection, pulmonary infection,
and reflux esophagitis.

2.4. Postoperative Management. The gastric tube was re-
moved on the first day after surgery, and the patient was
allowed to ingest a small amount of liquid food several times
after the first postoperative exhaust. After operation, the
abdominal cavity or anastomotic bleeding, lymphatic
leakage, and pancreatic leakage were determined by the
drainage of the abdominal cavity drainage tube. An upper
gastrointestinal X-ray was performed on postoperative day 5
to evaluate for anastomotic leakage (Figure 6(a)). On the 6th
day after operation, CT examination was performed to check
for the presence of lung and abdominal infection. The pa-
tient was discharged 8-10 days postoperatively. Electronic
gastroscopy was performed 6 months after discharge to
check for the presence of anastomotic stenosis (Figures 6(b)
and 6(c)).

2.5. Statistical Methods. SPSS 22.0 was used to analyze the
data. Normally distributed measures were expressed as
mean * standard deviation and the t-test was used for the
two samples; non-normally distributed measures were
expressed as median (range) and the Mann-Whitney U test
was used. P <0.05 was considered a statistically significant
difference.

3. Results

3.1. Comparison of Patient Characteristics. The general in-
formation of the patients in the two groups was compared
(Table 1). There were 42 patients in the HTSP group, in-
cluding 33 men and 9 women, with a median age of 63.0
years (17-80 years) and a mean BMI of 21.4 + 2.3 kg/m”. The
average diameter of the tumor was 21.4+ 2.3 cm, and 19 of
them were located in the fundus or upper stomach, while 23
were located in the middle of the stomach. There were 50
patients in the overlap or FETE group, including 40 men and
10 women, with a median age of 61.5 years (38-83 years) and

amean BMI of 21.2 + 2.2 kg/m”. The average diameter of the
tumor was 3.02 + 1.8 cm, and 21 of them were located in the
fundus or upper stomach, while 29 were located in the
middle of the stomach.

3.2. Comparison of Intraoperative and Postoperative
Conditions. The operation was successfully completed in
both groups. There was no conversion to laparotomy due to
anastomotic problems and no positive margin in both
groups. There was no significant difference in blood loss, first
exhaust time, and postoperative hospital stay between the
two groups. However, the operation time and anastomosis
time of the HTSP group were shorter than those of the
traditional anastomosis group, and the differences were
statistically significant (all P <0.05) (Table 2).

3.3.  Comparison of Surgery-Related Complications.
Intraoperative complications, including spleen injury and
vascular bleeding, were not present in this study in either
group. The incidence of postoperative complications in the
HTSP group was 4.7% (2/42), including 1 case of lymphatic
leakage (3 days after surgery) and 1 case of pulmonary
infection (4 days after surgery). All the patients were cured
after conservative treatment, and there was no significant
difference compared with the conventional TLTG group.
Other common complications such as anastomotic or du-
odenal stump leakage, anastomotic bleeding, and intestinal
obstruction or internal hernia were not found in this study.
During the follow-up period, no HTSP patient complained
of reflux symptoms or anastomotic stenosis, and only one
patient had liver metastasis 9 months after operation
(Table 3).

4. Discussion

In recent years, although many studies have confirmed the
safety and feasibility of TLTG with different anastomosis
methods, TLTG has not been carried out as widely as
TLDG [12-15]. The main reason is that the esophageal-
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(d)

FIGURE 2: (a, b) The linear stapler transected the lower esophagus segment. (c, d) Ultrasonic knife perpendicular to the esophageal tangent to
take a longitudinal hole, with the position under the action of gravity to produce downward-to-right traction.

(d)

FIGURE 3: (a, b) The intestinal wall was drilled 8 cm away from the stump. (c, d) Jejunum was lifted and a linear stapler was used to perform
side-to-side anastomosis between the posterior wall of the esophagus and the opposite limbus of the jejunum.

jejunal anastomosis is difficult, with high technical re-
quirements and high surgical risks. Compared with the
circular stapler, the linear stapler is easier to operate,
which is less likely to cause anastomotic stenosis, and is
suitable for the esophagus with the small lumen. There-
fore, it is widely recognized as an anastomosis method in
many current methods [20-25]. However, the current
mainstream linear anastomosis methods overlap and

FETE have some shortcomings [14, 26]as follows: (1) In
terms of closing common openings, overlap and FETE
cannot provide a stable suture field of view, resulting in
manual suture difficulties and high technical require-
ments for the surgeon. (2) Both the two methods will
retract into the posterior mediastinum after esophageal
transection, resulting in difficult operation and is un-
suitable for cases requiring high esophageal transection.
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(b)

(d)

FIGURE 4: (a, b) A 3-0 barbed wire from left to right continuous sutured closure common opening. (¢, d) Ultrasound knife transected the

remaining part of the esophagus.

(d)

FIGURE 5: (a) 3-0 barbed wire from right to left for jejunal seromuscular-diaphragmatic suture. (b) The proximal jejunum was anastomosed
to the jejunum side at 40 cm away from the esophagojejunostomy. (c, d) 3-0 barbed wire sutured to close the common opening.

Our team has tried and improved various TLTG
methods since February 2018 and found that “half-transect”
of the esophagus can avoid esophageal retraction into the
posterior mediastinum and reduce the difficulty of surgery.
Then, the other method was with the change of posture and
full use of the gravity of the stomach and the greater
omentum to produce downward and right traction on the
esophagus, so as to close the common opening to provide a
stable suture vision, called “self-pulling.” Combining these

two methods to form a “half-transected self-pulling modified
overlap anastomosis” makes up for the above-mentioned
deficiencies of linear anastomosis without adding any sur-
gical steps and financial burden on the patient. Based on
these technical features, we name it “half-transected self-
pulling, HTSP.”

The operation skills of HTSP are as follows: (1) The lower
segment of the half-transected esophagus should be dis-
membered about 3/4. Excessive dismemberment is not
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FIGURE 6: (a) Angiography on day five after surgery showing no anastomotic leakage. (b) Electronic gastroscopy 6 months after surgery
showing no anastomotic stenosis. (c) Inside the dotted circle is the upper margin requiring a pathological examination.

conducive to revealing the true esophageal cavity, which may
lead to entry into the submucous tract during anastomosis.
However, too little dismemberment will lead to a huge
common opening and increase the suture time. During
operation, the chief surgeon is located on the left side of the
patient, and the termination line of the linear stapler just falls
on the right edge of the esophagus. (2) Before closing the
common opening, the patient’s head is lifted and the foot is
lowered and tilted to the right. Through the adjustment of
posture, the appropriate self-pulling force of the esophagus
can be given, so as to provide a clear and stable suture vision
for the surgeon. After different attempts on the position of
the surgeon during suture, we believe that the suture with the
chief surgeon on the right side of the patient and common
openings is an ideal position. (3) To close the common
opening by a continuous full-thickness suture from left to
right with 3-0 barbed wire, the traditional control group was
reinforced with the esophageal-jejunal seromuscular layer
from right to left, while the team was reinforced with the
diaphragmatic-jejunal seromuscular layer from right to left.
This reinforcement method does not increase the risk of
intraoperative complications and can reduce the risk of
anastomotic leakage by reducing the tension of the anas-
tomotic stoma.

The results of this study showed that without any
increase in surgical steps, surgery-related complications,
and economic burdens, the operation time was shortened
to about 158 minutes on average, and the reconstruction
time was shortened to 21 minutes on average. No serious
complications occurred, which were attributed to the

stable suture vision provided by this anastomosis method,
thereby reducing the technical difficulty of the suture. The
HTSP method has the following advantages: (1) HTSP can
not only provide a stable and clear suture vision, but also
provide better surgical field exposure and reduce the
secondary tissue damage caused by a repeated grasp of the
esophagus and jejunum during operation. (2) The
downward-to-right traction of the esophagus by the HTSP
method can be suitable for cases requiring higher level
(gastroesophageal junction tumor) and improves the re-
section rate of R0. (3) The HTSP methods for laparoscopic
suture technology requirements are relatively low, the
learning curve is relatively short, and is more suitable for
promotion. HTSP also has some shortcomings, that is, the
specimens cannot be completely severed before anasto-
mosis, so it is impossible to perform a rapid frozen
pathological examination of the esophageal margin, and
there is a potential risk of positive margin. For this reason,
our team has also made different attempts to determine
the upper incision margin. At present, for patients who
need a rapid frozen pathological examination to deter-
mine the upper margin, our primary approach is to
laparoscopically clip the partial proximal esophageal
margin after half-transection and perform a rapid frozen
pathological examination (Figure 6(d)). Of course, we will
continue to explore a simpler and more effective method
for determining the upper margin.

In summary, the HTSP method is a simple, safe, and
feasible laparoscopic esophagojejunostomy technique,
which can reduce the technical requirements for surgeons
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TaBLE 1: Comparison of general data of gastric cancer patients in the half-transected and self-pulling group (HTSP group) and the
traditional anastomosis group (overlap or FETE group).

Age (years, medain ~ Male (number BMI (kg/ Tumor location (%)
Groups Number o 2 .
(range)) (%)) m°,ts ) Upper part Middle part
HTSP 4 63.0 (17~80) 33 (78.5) 214423 19 (45.2) 23 (54.7)
I?}f:’;gap o 50 61.5 (38~83) 40 (80.0) 212422 21 (42.0) 29 (58.0)
Statistic value U=930.0 X*=0.168 t=0.478 X*=0.097
P value 0.349 0.866 0.643 0.755
Groups Tumor size Clinical staging (number (%)) T staging (number (%))
P (cm) I Il IIIA-B MA-B Tl T2 T3 T4
5 27
HTSP 2.74+1.6 8 (19.0) 12 (28.6) 19 (45.2) 3(71) 4(9.5) 6(14.2) (11.9)  (64.3)
Overlap or 37
FETE 3.02+1.8 9 (18.0) 14 (28.0) 22 (44.0) 5 (10.0) 7(14.0) 4 (8.0) 2 (4.0) (74.0)
P value 0.428 0.971 0.334
N staging (number (%)) Pathological staging (number (%))
Groups
NO N1 N2 N3 I 11 IIIA-B 1Ic
HTSP 18 (42.9) 6 (14.3) 9 (21.4) 9 (21.4) 10 g (19.0) 16 8 (19.0)
: : : : (23.8) 38.1)
Overlap or 13
20 (40.0
ETE 17 (34.0) 6 (12.0) 6 (12.0) 21 (42.0) 8 (16.0) 9(18.0) (26.0) (40.0)
P value 0.190 0.166

TaBLE 2: Comparison of intraoperative and postoperative conditions between half-transected and self-pulling group and the traditional
anastomosis group.

Groups Number  Operation  Anastomosis duration (min) Blood loss  Time to first exhaust Postoperative
42 166.7+13.1 20.8+2.0 72.1+23.6 64.7+18.7 74+1.6

HISP overlap or FETE 50 1519413 29.9+1.7 73.5+28.1 65.4+17.9 75419

T value 5.520 24.02 0.257 0.191 0.148 0.148

P value 0.000 0.000 0.798 0.798 0.849 0.882

TasLE 3: Comparison of postoperative complications between half-transected and self-pulling group and traditional anastomosis group in
patients with gastric cancer [number (%)]

Characteristic HTSP (n=42) Overlap or FETE (n=50) P value
Postoperative complication (%) 4.7 4.0 0.858
Intra-peritoneal or digestive tract hemorrhage (1) 0 0

Anastomotic leakage(r) 0 0

Anastomotic stenosis (1) 0 0

Pancreatic leakage(n) 0 1

Lymphatic leakage (1) 1 0

Intra-abdominal infection or abscess (1) 0 0

Pulmonary infection (1) 1 1

Reflux esophagitis (1) 0 0

and has an important reference value for the extensive Conflicts of Interest

development of TLTG in the future. However, this study

is Only a Single_center Small-sample Study) and com- The authors declare that they have no COHﬂiCtS Of interest.
parative studies with multiple sample sizes, prospective
randomized controlled trials, and long-term follow-up
results are needed to further confirm the eflicacy of this
method.
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In the 6th edition of the Japanese Gastric Cancer Treatment Guidelines, laparoscopic surgery is recommended as one of the
standard treatments for cStage I. On the other hand, the recommendation of robot-assisted surgery for gastric cancer was also
added, albeit not conclusively, to perform it for cStage I gastric cancer. Conversely, laparoscopic surgery for cStage II/III is not
recommended, and several randomized controlled trials (RCTs) are being conducted in East Asia to expand the indication for
advanced gastric cancer. Although laparoscopic surgery and robot-assisted surgery are now recommended in the Guidelines for
Early-Stage Gastric Cancer, each institution should set its own criteria for indications according to its level of proficiency and try
to provide high-quality treatment. For advanced gastric cancer, although there is no solid evidence for laparoscopic or robot-
assisted surgery, the reality is that it is already being performed in facilities with ample experience. New evidence is expected to be

reported in the future, based on which the recommendations may change.

1. Introduction

In the 6th edition of the Japanese Gastric Cancer Treatment
Guidelines, laparoscopic surgery is recommended as one of
the standard treatments for cStage I. On the other hand, the
recommendation of robot-assisted surgery for gastric cancer
was also added, albeit not conclusively, to perform it for
cStage I gastric cancer [1]. Conversely, laparoscopic surgery
for cStage II/III is not recommended, and several ran-
domized controlled trials (RCTs) are being conducted in
East Asia to expand the indication for advanced gastric
cancer.

In this paper, we discuss the choice of approach for early
and advanced gastric cancers based on the results of previous
and ongoing clinical trials.

2. Laparoscopic Gastrectomy

Laparoscopic surgery for gastric cancer was first reported in
1994 [2], and almost 30 years have already passed since then
(Figure 1). The development of techniques and the devel-
opment and advancement of devices have greatly improved
the safety and quality of surgery. Several large-scale pro-
spective clinical trials and studies using big data have already
proven its safety and oncological validity.

In the 5th edition of the Japanese Guidelines for the
Treatment of Gastric Cancer, it was stated that “laparoscopic
gastrectomy may be an option for routine practice in cStage I
patients who are eligible for distal gastrectomy.” [3] How-
ever, in a subsequent preliminary guideline based on the
results of a study by the Japan Clinical Oncology Group
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(JCOG), “laparoscopic distal gastrectomy (LADG), laparo-
scopic total gastrectomy (LATG), and laparoscopic proximal
gastrectomy (LAPG) are recommended as one of the
standard treatments for patients with cStage I gastric can-
cer.” However, the evidence for advanced gastric cancer is
not sufficient, and the 6th edition of the same guideline states
that “there is insufficient evidence to recommend LADG for
gastric cancer of cStage II or higher [1].

2.1. cStage I. LADG was shown to be safe in JCOG0703, a
phase II single-arm study with the primary endpoint of
incidence of anastomotic leakage and pancreatic fistula [4].
In addition, JCOG0912 demonstrated noninferiority to open
distal gastrectomy (ODG) in the primary endpoint of a 5-
year recurrence-free survival (LADG 95.1% vs. ODG 94.0%)
[5]. The same results were reported in an RCT (KLASS-01)
conducted in Korea [6]. Based on these results, the 6th
edition of the Japanese Gastric Cancer Treatment Guidelines
states that “LADG is strongly recommended as one of the
standard treatment options for cStage I gastric cancer.” [1]
On the other hand, JCOG0912 states that LADG surgeons or
leading assistants should be surgeons certified by the Japan
Society for Endoscopic Surgery or surgeons certified by the
group as having equivalent skills with experience of at least
30 cases of LADG. The safety of the procedure has been
proven, and each institution should set its own criteria for
indication according to the level of proficiency.

LATG and LAPG were shown to be safe in JCOG1401, a
nonrandomized, single-arm study with the primary end-
point of the incidence of suture failure of esophageal jejunal
anastomosis (grade 2-4 esophageal jejunal anastomotic
suture failure: 2.5%) [7]. As for long-term results, it was
considered to be acceptable to extrapolate the results of
JCOGO0912, but since no clear data were presented, the
guideline only stated a weak recommendation to do so. Also
in this study, the primary surgeon or leading assistant was
strictly defined by the same criteria as in the JCOG0912
study.

To compare and validate the safety of LADG with ODG,
a study using big data from the National Clinical Database
(NCD) has also been conducted. In both the retrospective
and prospective studies, the incidence of postoperative
complications and mortality were similar to ODG; however,
grade B pancreatic fistulas or higher were significantly more
common in LADG [8]. NCDs have been studied in LATG/
LAPG as well as in LADG, but a predominantly higher
incidence of suture failure has been reported in LATG,
especially in retrospective studies.

In addition to its safety and oncological relevance,
laparoscopic gastrectomy should be actively performed for
cStage I patients if the educating system is in place and based
on proficiency of the surgeons, considering its less invasive
nature and better esthetic appearance compared with open
surgery.

2.2. cStage II/III. RCTs on LADG for advanced cancer have
been conducted in East Asian countries. In Japan,
JLSSG0901 by the Japan Laparoscopic Gastrectomy Study
Group (JLSSG) is underway to investigate the safety and
long-term results (follow-up completed in August, 2021). As
for short-term results, they were reported in 2018 and
showed that laparoscopic gastrectomy is safe [9]. Results on
long-term outcomes will be reported in 2022. KLASS-02 in
Korea and CLASS-01 in China demonstrated the non-
inferiority of LADG to ODG in terms of short-term results
and 3-year recurrence-free survival [10, 11]. However, it has
been emphasized that none of the trials proved the non-
inferiority of LADG from a statistical point of view, in-
cluding the method of analysis and stability of results.
Subcategory analysis also showed a trend toward poorer
results in the LADG group in patients with serous invasion.
In addition, the operative time and blood loss differed
significantly from the results of JLSSG0901, suggesting that
the details of the procedure may have differed; therefore, the
final conclusion should await the results of JLSSG0901
performed in Japan.

As for RCTs on LATG for advanced cancer, KLASS-06 is
ongoing in Korea, and JCOG1809, a single-arm study to
evaluate the safety of laparoscopic spleen-sparing splenec-
tomy, is ongoing in Japan. There was no significant dif-
ference in recurrence-free survival or overall survival
between laparoscopic surgery and laparotomy in reports
including total gastrectomy. However, only small-scale RCTs
have been conducted, and further evidence is needed.

A multicenter study using big data in Japan also showed
that the long-term outcome of laparoscopic surgery was not
different from that of open surgery, but in an observational
study of total gastrectomy using NCD, LATG resulted in
significantly more anastomotic leakage than open gastrec-
tomy [12].

Presently, laparoscopic surgery is indicated for cStage II/
III patients only at centers with a lot of experience, and it is
not yet the standard of care in Japan. In addition, the in-
dications for serous invasion and cases requiring total re-
section should be considered carefully.
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2.3. Postchemotherapy. Several prospective and retrospec-
tive studies on gastric cancer after chemotherapy have been
conducted in Japan and China, but the sample size was not
sufficient in any of them. A prospective RCT of 95 patients
with advanced gastric cancer in a single center in China was
conducted with 3-year recurrence-free survival as the pri-
mary endpoint. The short-term results showed that lapa-
roscopic surgery was associated with fewer complications
and a higher completion rate of postoperative adjuvant
chemotherapy compared to laparotomies [13]. The long-
term results are anticipated. In China, they are conducting a
multicenter prospective RCT of laparoscopic surgery versus
laparotomy after chemotherapy (CLASS-03a) and are cur-
rently recruiting patients.

The results so far are insufficient as evidence, and since
surgery after chemotherapy has a high risk of complications,
it is necessary to carefully select the approach method
according to the indications of each institution and the
proficiency of surgeons.

3. Robot-Assisted Gastrectomy

Robot-assisted gastrectomy for gastric cancer was first re-
ported in 2003 (Figure 1) [14]; since then, many institutions
have introduced robot-assisted gastrectomy.

Although laparoscopic gastrectomy for gastric cancer
has already been widely spread, pancreas-related compli-
cations such as pancreatic fistula and intra-abdominal ab-
scess are not uncommon problems. While various efforts
have been made to prevent pancreatic fistula in laparoscopic
surgery through preoperative image evaluation [15] and
surgical manipulation [16], robot-assisted surgery is ex-
pected to enable the use of forceps with a three-dimensional
field of view and a high degree of freedom with an antishake
function, making it possible to safely and accurately perform
procedures that are difficult to perform with conventional
laparoscopic surgery.

3.1. cStage I. In a single-center phase II trial for cStage I
gastric cancer, the primary endpoint was the incidence of
intra-abdominal infectious complications of Clavien-Dindo
classification (CD) grade II or higher, with an expected value
of 4%, a threshold of 12%, and a one-sided confidence in-
terval of 5%. The complication rate was 3.3% (4 cases),
indicating the safety of robot-assisted gastrectomy [17]. In a
multicenter prospective clinical trial, 330 patients with
cStage I/II gastric cancer were enrolled, and the results
showed that postoperative complications of CD grade IIla or
higher were reduced to 2.45%, less than half that seen in
conventional laparoscopic surgery [18]. Conversely, an RCT
conducted in Korea reported that there was no difference
between robot-assisted and laparoscopic surgeries, with the
respective values being 1.3% and 1.4% [19]. In Japan, an RCT
(JCOG1907) is currently enrolling patients to evaluate the
safety and superiority of robot-assisted gastrectomy over
laparoscopic gastrectomy in ¢T1-2N0-2 gastric cancer with

the primary endpoint of CD grade II or higher intra-ab-
dominal infectious complications. As for long-term results,
such as recurrence rate and survival, they are presumed to be
similar to those of laparoscopic surgery, but evidence is
insufficient.

The 6th edition of the Japanese Guidelines for the
Treatment of Gastric Cancer states that although robot-
assisted gastrectomy is as safe as laparoscopic gastrectomy
and has the potential to reduce complications, the long-term
results are unknown. The report weakly recommends the use
of robot-assisted gastrectomy for cStage I patients, provided
that it is performed by a certified physician who is proficient
in this procedure, or under the guidance of a certified
proctor [1].

3.2. cStage II/III. 'The safety of robot-assisted gastrectomy in
cStage II has been demonstrated in a prospective multicenter
clinical trial as described earlier. With regard to cStage III,
the results of a multicenter prospective RCT in patients with
cStage I-III disease showed that there was no difference in
the incidence of intra-abdominal infectious complications,
which was the primary endpoint. However, the incidence of
all complications above CD grade II was significantly lower
in the robot-assisted surgery. We are awaiting the results of
the JLSSG0901 study, which examined the safety and long-
term results of laparoscopic gastrectomy in advanced gastric
cancer, and the results of JCOG1907, a randomized con-
trolled study on robot-assisted gastrectomy versus laparo-
scopic gastrectomy in cT1-2NO-2 gastric cancer.

Until the evidence is established, robot-assisted gas-
trectomy for advanced cancer should be performed as a
clinical trial by surgeons skilled in gastrectomy after con-
sidering the indications at each institution and fully
explaining to patients the uncertainties of long-term and
short-term outcomes.

4. Esophagogastric Junction Cancer

In the case of esophagogastric junction cancer, there is no
consensus on the choice of surgical technique or approach
in the Guidelines for Gastric Cancer Treatment, and the
choice is currently left to the discretion of the surgeon or
institution. The Japanese Gastric Cancer Society and the
Japanese Esophageal Association conducted a prospective
study on cT2-4 esophagogastric junction cancer and in-
vestigated the frequency of lymph node metastasis [20].
Although long-term results are not yet available, based on
the results, it is considered reasonable to perform surgery
using the trans-right thoracic approach for patients with
esophageal invasion of more than 4 cm, the trans-esoph-
ageal hiatus approach for patients with esophageal invasion
of 2cm or less, and the appropriate approach in each in-
stitution for patients with invasion values that are within
this range. There is no solid evidence on the choice of
laparotomy, laparoscopic surgery, or robot-assisted sur-
gery, and we await the publication of evidence in the future.
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FIGURE 2: The selection of the current evidence-based surgical approach for gastrectomy for gastric cancer.

TaBLE 1: Multicenter prospective trials for minimal-invasive gastric cancer surgery.

Trials Main outcomes Authors Year
JCOG0703 Safety of LADG. Kurokawa et al. 2008
JCOGO0912 Noninferiority of LADG to ODG regarding survival outcomes for early gastric cancer. Katai et al. 2019
KLASS-01  Noninferiority of LADG to ODG regarding survival outcomes for early gastric cancer. Kim et al. 2019
JCOG1401 Safety of LATG and LAPG. Katai et al. 2019
KLASS-02 Noninferiority of LADG to ODG regardlpg safety and survival outcomes for advanced  Lee and hyung 2019 and 2020
gastric cancer. et al.
CLASS-01 Noninferiority of LADG to ODG regardlpg safety and survival outcomes for advanced Yuand huang etal. 2019 and 2022
gastric cancer.
JLSSG0901 Noninferiority of LADG to ODG regard1.ng safety and survival outcomes for advanced Ongoing
gastric cancer.
KLASS-06 Noninferiority of LATG to OTG regarding safety and survival outcomes for advanced
gastric cancer
JCOG1907 Superiority of RAG to LAG regarding safce;tlylf :er;d survival outcomes for T1-2N0-2 gastric Ongoing
CLASS-03a Safety of LAG after neoadjuvant chemotherapy. Ongoing

LADG, laparoscopic distal gastrectomy. ODG, open distal gastrectomy. LATG, laparoscopic total gastrectomy. LAPG, laparoscopic proximal gastrectomy.
OTG, open total gastrectomy. RAG, robot-assisted gastrectomy. LAG, laparoscopic gastrectomy.

facilities with ample experience. New evidence is expected
to be reported in the future, based on which the recom-
mendations may change.

5. Conclusion

The selection of the current evidence-based surgical ap-
proach for gastrectomy for gastric cancer was described
(Figure 2). Significant advancement of medical technolo-
gies and robust clinical trials lead to dramatic change in
choosing approach for gastrectomy in the last decade
(Table 1). Although laparoscopic surgery and robot-
assisted surgery are now recommended in the Guidelines
for the Treatment of Gastric Cancer for early-stage gastric
cancer, each institution should set its own criteria for
indications according to its level of proficiency and try to
provide high-quality treatment. As considering the criteria
of operator, an objective and evidence-based criteria should
be needed. For advanced gastric cancer, although there is
no solid evidence for laparoscopic or robot-assisted sur-
gery, the reality is that it is already being performed in
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