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Introduction

Laparoscopic distal gastrectomy (LDG) is an es-
tablished treatment modality for early gastric cancer 
(EGC). Many studies, including prospective random-
ized clinical trials (RCTs), have proven the benefits of 
LDG for EGC, including low blood loss, low postop-
erative pain, early recovery and return to work, and 

earlier discharge from hospital [1–5]. Several retro-
spective studies have reported that laparoscopy-as-
sisted total gastrectomy (LATG) is a  feasible and 
safe procedure for gastric cancer with the following 
benefits: less blood loss, earlier postoperative re-
covery, reduced postoperative complications, and 
similar lymph node harvesting capacity, compared 
with open total gastrectomy (OTG) [6–11]. As new 
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A b s t r a c t

Introduction: Totally laparoscopic total gastrectomy (TLTG) for advanced gastric cancer (AGC) has not been conclu-
sively substantiated.
Aim: To evaluate TLTG treatment of AGC by comparing its effectiveness and surgical outcomes to those of TLTG 
treatment of early gastric cancer (EGC).
Material and methods: We performed TLTG with the (modified) overlap method for 149 gastric cancer cases be-
tween March 2012 and December 2018. We evaluated clinicopathologic characteristics, complications (including 
esophagojejunostomy site complications), and surgical outcomes. We also evaluated these variables in terms of their 
associations with EGC and AGC.
Results: Ninety-two males and 57 females, with a mean age of 60.7 years, were included. The mean operation time 
was 147.7 min. The mean number of harvested lymph nodes was 39.6. Thirteen (8.7%) patients experienced early 
complications, and 6 (4.0%) experienced late complications (Clavien-Dindo classification ≥ III). Eight (5.4%) patients 
underwent reoperation, and 8 (5.4%) were readmitted due to complications. There were no statistically significant 
differences in operation time, hospital stay, or surgical mortality between EGC and AGC. However, there were sig-
nificant differences in early complications, late complications, rate of reoperation, and rate of readmission between 
EGC and AGC.
Conclusions: Although it has some limitations, TLTG with the (modified) overlap method for AGC treatment is feasi-
ble, safe, and associated with favorable outcomes.
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techniques for intracorporeal esophagojejunostomy 
(EJ) have been introduced, totally laparoscopic total 
gastrectomy (TLTG) has become a  widely accepted 
treatment for cancer of the upper stomach [12–19]. 
However, laparoscopic total gastrectomy (LTG) has 
not been supported by randomized control trials, 
and OTG is still the standard for advanced gastric 
cancer (AGC) of the upper stomach.

Aim

This study aimed to confirm the safety and feasibil-
ity of TLTG using the modified overlap method for the 
treatment of AGC by comparing it with TLTG for EGC.

Material and methods

We retrospectively collected and analyzed medical 
records’ data for 149 patients who underwent cura-
tive TLTG with the modified overlap method for gastric 
cancer treatment between March 2012 and December 
2018. All procedures were TLTGs with overlap EJ. We 
evaluated TNM stages using the seventh edition of the 
American Joint Committee on Cancer (AJCC) guidelines. 
Pain was measured using a visual analog score (VAS). 
We evaluated early complications (≤ 30 days after sur-
gery) and late complications (> 30 days after surgery). 
We also evaluated the methods for managing compli-
cations, reoperations, and readmissions. Complications 
were evaluated according to the Clavien-Dindo clas-
sification. Numerous clinicopathologic variables were 
evaluated. We also evaluated these variables in terms 
of their associations with EGC and AGC. Numerical 
data are described as means with standard deviations 
and were analyzed using Student’s t-test. Cross-tabula-
tion analysis was performed using the c2 test. Survival 
analysis was performed using the Kaplan-Meier meth-
od and log-rank test. All statistical data were analyzed 
using SPSS Statistics for Windows, version 21.0 (IBM 
Corp., Armonk, NY, USA). P-values < 0.05 were consid-
ered statistically significant.

The protocols of this study were approved by the 
relevant institutional review board (2019-0702).

Surgical anastomosis technique

After TLTG, we performed intracorporeal EJ with 
the modified overlap method using a 45-mm linear 
stapler (Photo 1). During EJ, an angle of approximate-
ly 45° from the esophagus was ensured (Photo 1 A). 
After EJ formation, we closed the common opening 

transversely to prevent narrowing of the anastomo-
sis using a 60-mm linear stapler with three stitches 
(Photo 1 B). Photo 1 C shows the final view after 
the completion of the modified overlap EJ. We then 
performed intracorporeal side-to-side jejunojejunos-
tomy (JJ) using two 60-mm linear staplers approxi-
mately 40–45 cm from the EJ.

Results

Clinicopathological characteristics of all 
patients

The characteristics of all patients are summarized 
in Table I. A  total of 149 patients who underwent 
TLTG with the modified overlap method were includ-
ed, 92 (61.7%) of whom were male, and 57 (38.3%) 
of whom were female. The mean age of the patients 
was 60.7 ±11.5 years. The mean body mass index 
(BMI) was 24.5 ±3.2 kg/m2. Seventy-four (49.7%) 
patients had comorbidities, and 31 (20.8%) patients 
had a history of abdominal surgery (24 had minor 
surgery, and 7 had major surgery). Thirty (20.1%) pa-
tients had an American Society of Anesthesiologists 
(ASA) score of 1, 112 (75.2%) had a score of 2, and 
7 (4.7%) had a  score of 3. Surgical outcomes and 
pathologic outcomes are summarized in Table II. The 
mean operation (procedure) time was 147.7 ±29.8 
min. The mean time to first postoperative flatus was 
3.7 days. Six (4.0%) patients received perioperative 
transfusion. The mean peak pain score (VAS) after 
surgery was 5.0 ±1.8. Patients received a  mean of 
9.7 postoperative analgesic doses before discharge, 
with a mean of 2.9 (mean) opioid doses. The mean 
postoperative hospital stay was 9.9 days. We har-
vested a mean of 39.6 lymph nodes intraoperative-
ly. Regarding tumor stage, 107 (71.8%) cases were 
diagnosed as AJCC stage I, 28 (18.8%) as stage II, 
and 14 (9.4%) as stage III. One (0.7%) patient died of 
postoperative bleeding. Six (4.0%) cases of tumor re-
currence, and 15 (10.1%) late postoperative deaths 
occurred. Figures 1 and 2 show the recurrence-free 
survival and overall survival rates.

Postoperative complications 

Postoperative complications are shown in Table III.  
We evaluated early and late complications. A total of 
32 (21.5%) patients had early surgical complications, 
among whom 13 (8.7%) had Clavien-Dindo ≥ III com-
plications. The most common complication was ileus 
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(early 8.1%, late 4.0%). Three (2.0%) patients had 
EJ site complications, 2 (1.3%) of which were EJ site 
leakages, with the other (0.7%) being EJ site bleeding. 
However, EJ stenosis was not noted in any patient. 
Eight (6.0%) patients had late surgical complications, 
among whom 6 (4.0%) had Clavien-Dindo ≥ III com-
plications. Among the complications, 24 (16.1%) cas-
es received conservative treatment, 7 cases received 
interventional treatment, and 8 (5.4%) underwent 
reoperations. Eight (5.4%) patients were readmitted 
after leaving the hospital.

Clinical and surgical outcomes between 
EGC and AGC

We evaluated outcomes according to their asso-
ciations with EGC and AGC. The clinical characteris-

tics of matched patients are summarized in Table IV. 
Between patients with EGC and AGC, there were no 
statistically significant differences in age, sex BMI, 
ASA score, comorbidity, or history of abdominal sur-
gery (p > 0.05). The surgical outcomes are shown 
in Table V. Except for recurrence rate, there were no 
statistically significant differences in any of the in-
vestigated surgical outcomes between patients with 
EGC and those with AGC (p > 0.05). Table VI shows 
the surgical complications experienced by patients 
with EGC and AGC. There were no statistically signifi-
cant differences in any of the surgical complications, 
including Clavien-Dindo classification, between 
patients with EGC and those with AGC (p > 0.05). 
Additionally, there was no significant difference in 
terms of the management of complications between 

Photo 1. Photo of the modified overlap meth-
od. A – anastomosis, B – closure of the common 
hole, C – final view after anastomosis
Eso – esophagus, Jeju – jejunum.
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patients with EGC and those with AGC (p > 0.05). 
Finally, the rates of reoperation, readmission, and 
surgical mortality were similar between the EGC and 
AGC groups (p > 0.05).

Discussion

Recently, the incidence of gastric cancer of the 
upper stomach has increased around the world [20]. 
Unlike Korea and Japan, more than 80% of gastric 
cancer patients in most countries worldwide are 
diagnosed with AGC [21]. Therefore, LTG for AGC is 
a very important issue. Though LTG is less invasive, 
a  highly complex technique is required for lymph 
node dissection because of the high risk of bleeding, 
technical difficulty of anastomosis, and narrow view 
[8, 22]. While TLTG is widely accepted worldwide, 
three main issues should be overcome: safety, feasi-
bility, and oncologic outcomes.

The safety and feasibility of LDG for early and 
advanced gastric cancer were confirmed by two 
large-scale RCTs in Korea and China [23, 24], and 
an RCT comparing TLTG with OTG is ongoing. Min  
et al. reported their 15-year experience of 1483 lap-
aroscopic gastrectomies (including 432 LTGs) for ad-
vanced gastric cancer [25]. Grade ≥ III Clavien-Dindo 

complications accounted for 4.9% of complications 
occurring within 30 postoperative days. Chen  
et al. reported a  case-matched study dealing with 
TLTG versus OTG for 122 EGC patients and 126 
AGC patients [26]. They showed that postopera-
tive complications were experienced by 18 out of 
124 patients who underwent TLTG and 22 out of 
124 patients who underwent OTG; this difference 

Table I. Clinical characteristics of all patients  
(n = 149)

Characteristics Results

Age [years] 60.7 ±11.5

Sex:

Male 92 (61.7)

Female 57 (38.3)

BMI [kg/m²] 24.5 ±3.2

ASA score:

1 30 (20.1)

2 112 (75.2)

3 7 (4.7)

Comorbidities:

No 75 (50.3)

Yes 74 (49.7)

History of abdominal surgery: 31 (20.8)

Minor surgery 24 (16.1)

Major surgery 7 (4.7)

Values are expressed as mean ± standard deviation or number (%).  
BMI – body mass index. ASA – American Society of Anesthesiologists.

Table II. Surgical outcomes and pathologic re-
sults for all patients (n = 151)

Variable Results

Operative time (procedure) time (mean ± SD) 147.7 ±29.8

Time to first flatus [days] (mean ± SD) 3.7 ±0.9

Transfusion, n (%):

No 143 (96.0)

Yes 6 (4.0)

Peak pain score (VAS) 5.0 ±1.8

Administration of analgesics 9.7 ±8.9

Administration of opioid 2.9 ±5.5

Hospital stay after surgery [days] 9.9 ±6.4

Tumor size [cm] 4.0 ±2.8

Retrieved lymph nodes 39.6 ±15.7

T stage, n (%):

T1 101 (67.8)

T2 11 (7.4)

T3 24 (16.1)

T4 13 (8.7)

N stage, n (%):

N0 116 (77.9)

N1 21 (14.1)

N2 7 (4.7)

N3 5 (3.4)

TNM stage, n (%):

1 107 (71.8)

2 28 (18.8)

3 14 (9.4)

4 0

Surgical mortality, n (%) 1 (0.7)

Recurrence, n (%) 6 (4.0)

Death after surgery, n (%) 15 (10.1)

Values are expressed as mean ± standard deviation or number (%). VAS – 
visual analog scale.
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was not statistically significant (14.5% vs. 17.7%). 
The anastomosis-related complications included 
three cases of anastomotic leakage at the EJ site 
and 2 cases of stricture in both groups, respective-
ly. Recently, two RCTs investigating only TLTG (and 
not OTG) were reported [27, 28]. The Chinese Lap-
aroscopic Gastrointestinal Surgery Study (CLASS) 
Group reported the safety and feasibility of laparo-
scopic spleen-preserving No. 10 lymph node dissec-
tion for locally advanced upper-third gastric cancer 

(CLASS 04) [28]. The investigators reported that 
13.6% (33/242) of patients experienced complica-
tions within 30 postoperative days, including 0.6% 
(1/242) who died and 3.3% (8/242) of patients who 
exhibited grade III or higher complications, accord-
ing to the Clavien-Dindo classification; 2.9% (7/242) 
of patients experienced anastomosis leakage. The 
Korean Laparoendoscopic Gastrointestinal Sur-
gery Study (KLASS) group conducted a prospective 
multi-center trial of LTG for clinical stage I  gastric 

Figure 1. Survival curves according to stages: A – recurrence-free survival, B – overall survival
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Figure 2. Survival curves between early gastric cancer and advanced gastric cancer: A – recurrence-free 
survival, B – overall survival
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cancer to determine the safety and feasibility of LTG 
[27]. The short-term results of the safety and fea-
sibility of LTG (KLASS-03 trial, 179 patients) were 
reported [27]. The investigators reported that 33 
(20.6%) patients experienced complications with-
in 30 postoperative days, including 1 (0.6%) post-
operative death, and 15 (9.4%) patients exhibited 
grade III or higher complications, according to the 
Clavien-Dindo classification; 5 (3.2%) patients ex-
perienced EJ complications. In our present study, 
among 107 patients with stage I cancer, 21 (21.5%) 
experienced complications within 30 days without 
mortality, 9 (8.4%) patients exhibited grade III or 
higher complications, according to the Clavien-Din-
do classification, and only 1 (0.9%) patient experi-
enced EJ complications. Nakauchi et al. reported the 
results of 92 TLTGs for advanced gastric cancer (54 
patients received neoadjuvant chemotherapy) [29]. 
They found that the incidence rates for early and 
late morbidities (Clavien-Dindo grade ≥ III) were 

26.1 and 6.5%, respectively, and that 18 (19.8%) pa-
tients experienced EJ leakage. In the present study, 
we performed 48 TLTGs with the modified overlap 
method for advanced gastric cancer. Among 48 pa-
tients, 10 (20.8%) experienced complications within 
30 days, with 1 (2.1%) death; 6 (5.9%) patients ex-
hibited grade III or higher complications according 
to the Clavien-Dindo classification; and 2 (4.2%) pa-
tients experienced EJ complications.

Oncologic outcome is another important issue. 
Unfortunately, no RCTs have investigated oncologic 
outcomes of TLTG for AGC. Long-term outcomes of to-
tal gastrectomy were reported in 2015 [30]. The 5-year 
overall survival rate was 97% for stage IA, 74.4% for 
stage IB, 63% for stage IIA, 53.2% for stage IIB, 56.5% 
for stage IIIA, 32.5% for stage IIIB, and 15.6% for stage 
IIIC. The 5-year overall survival was 88.3% for T1a, 
92% for T1b, 63.3% for T2, 80% for T3, and 32.5% for 
T4a. Min et al. reported their 15‑year experience of 
laparoscopic gastrectomy for AGC [25]. They report-

Table III. Postoperative complications

Variable Early complications, n (%) Late complications, n (%) Total, n (%)

Wound complications 3 (2.0) 0 3 (2.7)

Fluid collection 7 (7.4) 1 (0.7) 8 (5.4)

Bleeding 1 (0.7) 0 1 (2.0)

EJ site leak/bleeding 2 (1.3)/1 (0.7) 0 2 (1.3)/1 (0.7)

Duodenal stump leak 3 (2.0) 1 (0.7) 4 (2.7)

Ileus 12 (8.1) 6 (4.0) 18 (12.1)

Pulmonary complications 2 (1.3) 0 2 (1.3)

Cholecystitis 1 (0.7) 0 1 (0.7)

Total 32 (21.5) 8 (5.4) 37* (24.8)

Clavien-Dindo classification:

I 6 (4.0) 0 6 (4.0)

II 14 (9.4) 3 (2.0) 17 (11.4)

IIIa/IIIb 6 (4.0)/4 (2.7) 1 (0.7)/4 (2.7) 7 (4.7)/8 (5.4)

IVa/b 0/1(0.7) 0/0 0/1(0.7)

V 1 (0.7) 1 (0.7) 1 (0.7)

Management for complications:

Conservative 21 (14.1) 3 (2.0) 24 (16.1)

Intervention 6 (4.0) 1 (0.7) 7 (4.7)

Reoperation 5 (3.4) 4 (2.7) 8** (5.4)

Readmission 0 8 (5.4) 8 (5.4)

Surgical mortality 1 (0.7) 0 1 (0.7)

EJ – esophagojejunostomy. *3 patients had both early and late complications. **1 patient underwent reoperation twice.
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Table IV. Clinical characteristics between early gastric cancer and advanced gastric cancer

Variable Early gastric cancer (n = 101) Advanced gastric cancer (n = 48) P-value

Age [years] 60.6 ±10.8 60.9 ±12.9 0.861

Sex: 0.210

Male 66 (65.3) 26 (54.2)

Female 35 (34.7) 22 (45.8)

BMI [kg/m²] 24.7 ±3.2 24.3 ±3.2 0.460

ASA score: 0.131

1 24 (23.8) 6 (12.5)

2 71 (70.3) 41 (85.4)

3 6 (5.9) 1 92.1)

Comorbidity: 0.296

No 54 (53.5) 21 (43.8)

Yes 47 (46.5) 27 (56.2)

History of abdominal surgery: 20 (19.8) 11 (22.9) 0.670

Minor surgery 16 (15.8) 8 (16.7) 1.000

Major surgery 4 (4.0) 3 (6.2) 0.681

Values are expressed as mean ± standard deviation or number (%). BMI – body mass index, ASA – American Society of Anesthesiologists.

Table V. Surgical outcomes of patients with early gastric cancer and advanced gastric cancer

Variable Early gastric cancer (n = 101) Advanced gastric cancer (n = 48) P-value

Operation (procedure) time 148.7 ±31.8 145.5 ±25.4 0.542

Perioperative transfusion 3 (3.0) 3 (6.2) 0.387

Time to first flatus [days] 3.8 ±0.9 3.6 ±7.1 0.126

Peak pain score (VAS) 4.9 ±1.7 5.3 ±1.9 0.237

Administration of analgesics 9.7 ±9.0 9.6 ±9.0 0.910

Administration of opioid 2.9 ±6.2 2.7 ±3.9 0.764

Retrieved lymph nodes 38.6 ±15.2 41.7 ±15.2 0.270

Hospital stay [days] 10.0 ±6.0 9.9 ±7.3 0.876

Mortality 0 1 (2.1) 0.322

Recurrence 1 (1.0) 5 (10.4) 0.002

Values are expressed as mean ± standard deviation or number (%). VAS – visual analog scale.

ed 5-year overall survival rates, stratified by stage, 
as follows: stage IB 88.9%, stage IIA 88.7%, stage IIB 
84.2%, stage IIIA 71.7%, stage IIIB 56.8%, stage IIIC 
45.4%, and stage IV 25%. The overall recurrence rate 
was 14.4%, which included local recurrence (1.1%) 
and distant metastases (13.3%). A 2016 report [29] 
summarized short- and long-term outcomes of TLTG 
for AGC [29]. The authors reported that the 3-year 
overall survival rates for pI, pII, and pIII were 100.0%, 
93.8%, 72.7%, and 58.7%, respectively (Figure 2), 

and the 3-year recurrence-free survival rates were 
100.0%, 100.0%, 66.7%, and 39.0%, respectively. The 
Japanese Gastric Cancer Association (JGCA) annual 
report includes 208 participating hospitals and 53 ret-
rospectively documented items, including the surgical 
procedures, pathological diagnosis, and survival out-
comes of 13,626 patients with primary gastric cancer.  
In 2002, the 5-year overall survival rates of the pa-
tients, stratified by the JGCA staging system, were 
92.2% for stage IA, 85.3% for stage IB, 72.1% for  
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Table VI. Postoperative complications of patients with early gastric cancer and advanced gastric cancer

Variable Early gastric cancer
(N = 101) 

n (%)

Advanced gastric cancer
(N = 48) 

n (%)

P-value

Wound complication 1 (0.9) 2 (4.2) 0.234

Fluid collection 7 (6.9) 1 (2.1) 0.220

Bleeding 1 (0.9) 0 1.000

EJ site complication 1 (0.9) 2 (4.2) 0.234

Duodenal stump leak 3 (2.9) 0 0.551

Ileus 12 (9.1) 4 (8.3) 0.513

Pulmonary complications 1 (0.9) 1 (2.1) 0.542

Cholecystitis 0 1 (2.1) 0.322

Total 26 (25.7) 11 (22.9) 0.709

Early complication 22 (21.8) 10 (20.8) 0.895

Late complication 7 (6.9) 1 (2.1) 0.220

Clavien-Dindo classification: 0.904

< 3 16 (15.8) 7 (14.6)

≥ 3 10 (9.9) 4 (8.3)

Management for complication: n = 26 n = 11 0.463

Conservative 16 (61.5) 8 (72.7)

Intervention 3 (11.5) 2 (18.2)

Reoperation 7 (27.0) 1 (9.1)

Readmission 7 (6.9) 1 (2.1) 0.220

Surgical mortality 0 1 (2.1) 0.322

EJ – esophagojejunostomy.

stage II, 52.8% for stage IIIA, 31.0% for stage IIIB, and 
14.9% for stage IV. Additionally, the 3-year survival 
rates were 94.9% for pT1, 87.2% for pT2, 67.9% for 
pT3, and 40.3% for pT4a. In our study, the 3-year sur-
vival rates were 93.5% for pT1, 100% for pT2, 93.3% 
for pT3, and 63.9% for pT4a. Also, the 3-year and 
5-year overall survival rates were 96.1% and 93.0% 
for stage I, 82.1% and 52.8% for stage II, and 84.4% 
and 84.4% for stage III, respectively.

This study had some limitations. First, it was 
a retrospective study performed at a single institu-
tion. Second, the number of enrolled patients was 
relatively small. Third, we did not assess the long-
term oncologic outcomes.

Conclusions

Despite some limitations, TLTG with the modi-
fied overlap method is a feasible and safe procedure 

associated with favorable surgical outcomes for the 
treatment of EGC as well as for AGC.
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