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Comparison of totally laparoscopic and  
laparoscopic-assisted approach in gastrectomy with  
D2 lymphadenectomy for advanced gastric cancer after 
neoadjuvant chemotherapy: a retrospective comparative 
study
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General Surgery Center, The General Hospital of Western Theater Command, Chengdu, China

INTRODUCTION
Advanced gastric cancer is most common in patients suffering 

from gastric cancer in China. According to worldwide guidelines, 
neoadjuvant chemotherapy resulting in lower recurrence and 
higher R0 dissection rate is strongly recommended for advanced 

gastric cancer, although 5-year disease-free survival (DFS) and 
overall survival (OS) are still under debate compared with that 
after direct surgery [1]. Till now, open radical resection remains 
the gold standard of treatment for gastric cancer. However, 
more and more studies indicate that minimally invasive surgery 
such as laparoscopy is feasible and safe for gastric cancer, and 
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Purpose: Neoadjuvant chemotherapy is strongly recommended for advanced gastric cancer due to good local control 
and a high rate of R0 dissection with this strategy. Minimally invasive techniques such as laparoscopy-assisted or total 
laparoscopic approaches is becoming more and more acceptable in the treatment for gastric cancer. However, the safety 
and efficiency of total laparoscopic D2 gastrectomy (TLG) for advanced gastric cancer after neoadjuvant chemotherapy 
have not been well evaluated. 
Methods: A retrospective study in a single center from 2014 to 2016 was conducted. A total of 65 locally advanced gastric 
cancers were treated by laparoscopy-assisted gastrectomy (LAG) or TLG. Parameters which include operation time, blood 
loss, complications, hospital stay, 3-year overall survival, and 3-year disease-free survival were used for comparison. 
Results: The time of operation in the TLG group was shorter than in the LAG group (P = 0.013), blood loss was less (P = 0.002) 
and time to first flatus was shorter (P = 0.039) in the TLG group than that in the LLG group. Intraoperative and postoperative 
complications were comparable in both groups. No significant difference was found in 3-year overall and disease-free 
survival. 
Conclusion: For patients with locally advanced gastric cancer after neoadjuvant chemotherapy, laparoscopic D2 
gastrectomy can be considered as a safe and efficient alternative. A further multicenter prospective randomized controlled 
study is needed to elucidate the applicability of this technique for advanced gastric cancer.
[Ann Surg Treat Res 2024;106(4):218-224]
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the long-term outcomes after minimally invasive surgery are 
comparable with those after an open approach [2,3]. However, 
those studies were mainly focused on laparoscopy-assisted 
surgery in early-stage patients. Total laparoscopic surgery as a 
new alternative to minimally invasive surgery is convincing as 
an equivalent to the laparoscopic approach [4]. Nevertheless, 
there is no study to elucidate the feasibility and safety of total 
laparoscopic surgery in gastric cancer patients after neoadjuvant 
chemotherapy. Therefore, this study was conducted to assess 
short- and long-term outcomes of total laparoscopic surgery for 
gastric cancer after neoadjuvant chemotherapy. 

METHODS

Ethics statement
This study conformed to the ethical standards of the World 

Medical Association Declaration of Helsinki. It was approved 
by the Institutional Review Board of the General Hospital of 
Western Theater Command (No. 2015027) and all patients had 
signed informed consent forms.

Patients
This retrospective study was performed between October 

2014 and March 2016. The study included 65 advanced gastric 
cancer patients; 34 in laparoscopy-assisted D2 gastrectomy 
(LAG) and 31 in total laparoscopic D2 gastrectomy (TLG). All 
patients underwent esophagogastroduodenoscopy, endoscopic 
ultrasound, and enhanced computed tomography. Patients 
diagnosed with cT3-4N+M0 were included according to the 
American Joint Committee on Cancer staging manual, 7th 
edition. All patients received neoadjuvant chemotherapy by 
DCF (docetaxel, cisplatin, 5-fluorouracil), or ECF (epirubicin, 
cisplatin, and fluorouracil) for 3 cycles after multidisciplinary 
treatment discussion. Evaluation of postchemotherapy was 
performed according to RECIST 1.1 criteria [5]. 

Data collection
The clinical characteristics include toxic effects, pathological 

stages, number of lymph node dissections, procedure types, 
postoperative complications, tumor restrict grade (TRG), and 
time to first flatus. Short-term outcomes include wound 
infection, pneumonia, intraabdominal bleeding, anastomotic 
leakage and bleeding, bow obstruction, deep venous thrombosis 
(DVT), and death. Long-term outcomes include anastomotic 
stenosis, bowel obstruction, 3-year recurrence rate, 3-year DFS, 
and 3-year OS. Postoperative complications classified by the 
Clavien-Dindo system were defined as any event that required 
conservative or surgical treatment after surgery. Early and late 
complications were defined as events occurring within and 
after 30 days after surgery, respectively. 

Surgical technique
All operations were performed by 2 experienced surgeons. 

In each group, one 10-mm trocar was inserted below the 
umbilicus for camera. One 5-mm trocar was put at the right 
upper quadrants 2 cm below the right lower rib margins. 
The other 5-mm trocar was placed in the left flank area. One 
10-mm port was placed in the right upper quadrants 2 cm 
below the right lower rib margins. Another 12-mm trocar 
was put at the left upper quadrants 2 cm below the left lower 
rib margins. The pneumoperitoneum was made by carbon 
dioxide with a pressure maintained at 10–12 mmHg. Total 
omentectomy with D2 lymphadenectomy in both groups 
was performed under laparoscopy using an ultrasonic scalpel 
according to the guidelines published by the Japanese Gastric 
Cancer Association. Total or distal gastrectomy was performed 
depending on tumor location. 

Reconstruction
Digestive tract reconstruction was performed under assisted 

incision in the LAG group and laparoscopy in the TLG group. 
Roux-en-Y as the only method was chosen for reconstruction 
in both groups. In the LAG group, a small incision (<10 cm) in 
the upper midline was made after lymph node dissection and 
division of the stomach. For distal gastrectomy, the duodenum 
was amputated by linear stapler, and anastomosis of the gastric-
jejunum and jejunojejunostomy were performed by circular 
stapler. For total gastrectomy, a circular stapler was used for 
esophagojejunostomy and jejunojejunostomy, jejunal stump 
was closed by a linear stapler. 

In the TLG group, digestive tract reconstruction was 
performed intracorporeally by linear staplers for both distal and 
total gastrectomy (Fig. 1). The incision below the umbilicus for 
10-mm trocar was then extended (less than 5 cm), and then the 
specimen was pulled out through this incision. 

Follow-up
Methods of follow-up included outpatient visits, telephone, 

and home visits. Assessments of follow-up included physical 
examinations, laboratory tests, and image review. Chest 
and abdominal computed tomography were performed 
every 6 months after surgery for 3 consecutive years, then 
annually. Endoscopy was performed every year or when 
the postgastrectomy symptoms occurred. The patients were 
followed up for at least 36 months. 

Statistics
Continuous variables were expressed as mean ± standard 

deviation and categorical variables were presented as 
frequencies and percentages. The differences were analyzed by 
the t-test, chi-square test, or Fisher exact test when appropriate. 
Survival rates were analyzed using the Kaplan-Meier method 
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and differences between the 2 groups were analyzed with the 
log-rank test. All P-values were 2-sided, and the threshold value 
of statistical significance was set at less than 0.05. All statistical 
analyses were conducted with SPSS ver. 13.0 (SPSS Inc.).

RESULTS
There were 65 advanced gastric cancer patients enrolled in 

this study; 34 in the LAG group and 31 in the TLG group. There 
was no significant difference between the 2 groups in age, sex, 
body mass index, clinical TNM stage, and pathological type. 
DCF was used in most of the cases in both groups, and ECF was 
also used in a few patients. Adverse reactions in both groups 
were comparative. There was no statistically significant adverse 
reaction between the 2 groups. No severe adverse event was 
found in the 2 groups (Table 1). There were 2 cases of complete 
response in the LAG and TLG groups each. Partial response 
and stable disease cases were comparable in the LAG and TLG 
groups (P = 0.967), no progressive disease was found in either 
group. 

All patients were operated successfully, and no death was 
found in the 2 groups. Eight patients received total gastrectomy 
in the LAG group and 6 patients received total gastrectomy 

in the TLG group (P = 0.683). Operation time was 208 ± 23.7 
minutes in the TLG group and 226 ± 32.5 minutes in the 
LAG group (P = 0.0127). Intraoperative complications and 
conversion rates were comparable in both groups (P = 0.413 
and P = 0.463, respectively). Blood loss in the TLG group was 
significantly less than in the LAG group (P = 0.0018). Lymph 
nodes harvested were 26.7 ± 5.6 and 28.2 ± 4.3 in TLG and 
LAG groups, respectively (P = 0.231). No significant difference 
was found in terms of TRG classification (P = 0.971). One 
Positive circumferential margin was found in the TLG group 
and no such case was found in the LAG group (Table 2). Time 
to first flatus in the TLG and LAG groups was 2.3 ± 0.6 and 2.6 
± 0.5, respectively (P = 0.039). Postoperative hospital stay was 
6.1 ± 1.5 in the TLG group and 6.8 ± 1.9 in the LAG group (P = 
0.099). Postoperative complications such as anastomotic leakage 
and bleeding, wound infection, pneumonia, DVT, and bowel 
obstruction were comparable in the LAG and TLG groups (Table 
3). There was no mortality in both groups after surgery.

The median follow-up time for the TLG and LAG groups was 
34 and 34.5 months, respectively. During the follow-up, there 
were 11 and 12 deaths in the TLG and LAG groups, respectively. 
The overall 3-year survival in the TLG and LAG groups was 
64.5% and 64.7%, respectively (P = 0.957) (Fig. 2). There were 

A B C
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Fig. 1. Reconstruction of total laparoscopic D2 gastrectomy. (A) The distal stomach was cut off using an endoscopic linear 
stapler at least 5 cm from the proximal edge of the tumor. (B) Mesentery and small intestine were cut off by an endoscopic 
linear stapler 20 cm away from Treitz ligament. (C) Two holes were made at the proximal jejunum and 40 cm from the distal 
end of intestine, then an endoscopic linear stapler was inserted from the holes, and side-to-side small intestinal anastomosis 
was performed. (D) The common entry of intestinal anastomosis was closed by continuous barbed suture. (E) A side-to-side 
gastrojejunostomy was performed with the afferent loop to lesser curvature. (F) The common entry of gastrojejunostomy was 
closed by continuous barbed suture.
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14 and 15 cases of recurrence or metastasis in the TLG and 
LAG groups, respectively. The 3-year DFS of the TLG and LAG 
groups was 54.8% and 58.5%, respectively, with no significant 
difference (P = 0.907) (Fig. 3). 

DISCUSSION
Minimally invasive surgery is one of the most remarkable 

achievements in the development of surgery in the past 
20 years, and now it is widely used in many surgical fields. 
Undoubtedly, it will be the key direction in the future 
development of surgery, which is also suitable for the surgical 
treatment of gastric cancer. There have been many studies 
indicating that LAG may be favorable for early or selected 
advanced gastric cancer, the short- and long-term outcomes are 
both comparable to open technique [6]. These results show that 
the laparoscopy-assisted technique is becoming more and more 
mature, and more minimally invasive methods such as TLG 
may be put on the agenda for gastric cancer. 

It is reported that compared with LAG, TLG had less after-
surgery pain, shorter hospital stays, and faster recovery of bowel 
function in early gastric cancer cases [4]. However, the effect of 
neoadjuvant chemotherapy on laparoscopic surgery, especially 
on total laparoscopic surgery for advanced gastric cancer is 

Table 1. Patient’s clinical and pathological characteristics of 
the 2 groups

Characteristic LAG group TLG group P-value

No. of patients 34 31
Age (yr) 62.3 ± 9.7 64.8 ± 10.4 0.319
Sex 0.608

Male 20 (58.8) 21 (67.7)
Female 14 (41.2) 10 (32.3)

Body mass index (kg/m2) 24.2 ± 4.1 22.6 ± 5.5 0.189
Tumor location 0.672

Upper 6 (17.6) 5 (16.1)
Middle 7 (20.6) 4 (12.4)
Lower 21 (61.8) 22 (71.5)

cTNM stage 0.791
IIB 10 (29.4) 11 (35.5)
III 24 (70.6) 20 (64.5)

ASA PS classification 0.436
I 20 (58.8) 22 (71.0)
II 14 (41.2) 9 (29.0)

Regiment of neoadjuvant chemotherapy 0.754
DCF 27 (79.4) 26 (83.9)
ECF 7 (20.6) 5 (16.1)

Toxic effects 0.748
0 3 (8.8) 5 (16.1)
1 6 (17.6) 7 (22.6)
2 16 (47.1) 11 (35.5)
3 8 (23.5) 6 (19.4)
4 1 (2.9) 2 (6.5)

Postchemotherapy evaluation 0.967
CR 2 (5.9) 2 (6.5)
PR 19 (55.9) 19 (61.3)
SD 11 (32.4) 9 (29.0)
PD 2 (5.9) 1 (3.2)

No residual tumor 2 (5.9) 2 (6.5) 0.651
ycTNM stage 0.421

I 2 (5.9) 2 (6.5)
IIA 16 (47.1) 17 (54.8)
IIB 11 (32.4) 14 (45.2)
III 5 (14.7) 7 (22.6)

Values are presented as number only, mean ± standard deviation, 
or number (%). 
LAG, laparoscopic-assisted D2 gastrectomy; TLG, total 
laparoscopic D2 gastrectomy; ASA, American Society of 
Anesthesiologists; PS, physical status; DCF, docetaxel, cisplatin, 
5-fluorouracil; ECF, epirubicin, cisplatin, and fluorouracil; CR, 
complete response; PR, partial response; SD, stable disease; PD, 
progressive disease.

Table 2. Surgical and pathology outcomes in the 2 groups

Variable
LAG  

group  
(n = 34)

TLG  
group  

(n = 31)
P-value

Resection range 0.683
   Total gastrectomy   8   6
   Distal gastrectomy 26 25
Time of operation (min) 226.0 ± 32.5 208.0 ± 23.7 0.013
Intraoperative complications 8 (23.5) 11 (35.5) 0.413
   Bleeding 4 (11.8) 4 (12.4)
   Organ injury 2 (5.9) 3 (9.7)
   Anastomosis event 2 (5.9) 4 (12.4)
Time of reconstruction 41.0 ± 10.2 36.0 ± 6.5 0.193
Blood loss (mL) 85 ± 11 77 ± 9 0.002
Conversion 3 (8.8) 5 (16.1) 0.463
   Bleeding 2 (5.9) 1 (4.2)
   Organ injury 1 (2.9) 1 (4.2)
   Reconstruction 0 (0) 3 (9.7)
Intraoperative transfusion 1 (2.9) 2 (6.5)
Lymph node harvested 28.2 ± 4.3 26.7 ± 5.6 0.231
pTNM stage 0.805
   IA 3 (8.8) 2 (6.5)
   IB 9 (26.5) 6 (19.4)
   IIA 11 (32.4) 12 (38.7)
   IIB 5 (14.7) 8 (25.8)
   IIIA 4 (11.8) 2 (6.5)
   IIIB 2 (5.9) 1 (4.2)
Positive circumferential margin 0 (0) 1 (4.2) 0.485
TRG classification 0.971
   0 1 (2.9) 1 (4.2)
   1 9 (26.5) 8 (25.8)
   2 18 (52.9) 15 (48.4)
   3 6 (17.6) 7 (22.6)

Values are presented as number only, mean ± standard deviation, 
or number (%). 
LAG, laparoscopic-assisted D2 gastrectomy; TLG, total 
laparoscopic D2 gastrectomy; TRG, tumor restrict grade. 
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rarely reported in the literature. Our study showed that grade 
III–IV 30-day complications were 14.7% and 6.5% in the LAG and 
TLG groups, respectively, which was similar to the literature [7]. 
These results indicate that neoadjuvant chemotherapy does not 
affect the safety of total laparoscopic gastrectomy. 

Compared with LAG, TLG had similar intraoperative 
complications, lymph nodes harvested, time of reconstruction, 
postoperative complications, and conversion, but less blood 
loss, shorter operation time, and faster flatus. On one hand, 

it is believed that laparoscopic surgery is less invasive and can 
amplify operation fields, which are very important during 
operation for bleeding control and careful dissection [3,8]. On 
the other hand, a skilled laparoscopic surgeon can complete the 
reconstruction of the digestive tract by linear stapler and barbed 
suture [9,10]. All these advantages may explain the better short-
term outcomes of TLG for gastric cancer. 

One obvious difference between TLG and LAG is the 
procedure of digestive tract reconstruction. It is reported 

Table 3. Short-term outcomes in the 2 groups

Variable LAG group (n = 34) TLG group (n = 31) P-value

Postoperative complicationa) 12 (35.3) 8 (25.8) 0.435
   Grade II 7 (20.6) 5 (16.1) 0.757
     Wound infection 2 (5.9) 1 (3.2)
     Wound bleeding 1 (2.9) 1 (3.2)
     Pneumonia 1 (2.9) 2 (6.5)
     Diarrhea 1 (2.9) 1 (3.2)
     Intraabdominal bleeding 2 (5.9) 0 (0)
     Ddeep venous thrombosis 0 (0) 1 (3.2)
   Grade IIIa 2 (5.9) 1 (3.2) >0.999
     Anastomosis leakage 1 (2.9) 1 (3.2)
     Anastomosis bleeding 1 (2.9) 0 (0)
   Grade IIIb 2 (5.9) 1 (3.2) >0.999
     Anastomosis leakage 1 (2.9) 1 (3.2)
     Bow obstruction 1 (2.9) 0 (0)
   Grade IV 1 (2.9) 0 (0) >0.999
     Intraabdominal infection 1 (2.9) 0 (0)
Time to first flatus (day) 2.6 ± 0.5 2.3 ± 0.6 0.039*
Postoperative hospital stay (day) 6.8 ± 1.9 6.1 ± 1.5 0.099

Values are presented as number (%). 
LAG, laparoscopic-assisted D2 gastrectomy; TLG, total laparoscopic D2 gastrectomy. 
a)Clavien-Dindo classification.
*P < 0.05.
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Fig. 3 Disease-free survival curves following total laparo-
scopic D2 gastrectomy (TLG) and laparoscopic-assisted 
D2 gastrectomy (LAG) for advanced gastric cancer after 
neoadjuvant chemotherapy (P = 0.906).
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Fig. 2. Overall survival curves following total laparoscopic 
D2 gastrectomy (TLG) and laparoscopic-assisted D2 
gastrectomy (LAG) for advanced gastric cancer after 
neoadjuvant chemotherapy (P = 0.951).
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that the average time of R-Y reconstruction by laparoscopy is 
about 44 minutes [11]. Our results showed that the time of 
reconstruction in the TLG group was 36 ± 6.5 minutes, which 
was compared with the LAG group (41 ± 10.2 minutes, P = 
0.193). With our experience, anastomosis and suture are not 
so difficult after the learning curve. Therefore, reconstruction 
time will shorten accordingly. However, there were 3 cases of 
conversion in the TLG group and none in the LAG group, due 
to reconstruction. Among these 3 cases, 2 cases were unable 
to complete anastomosis due to short lower esophagus; the 
other one was because of gastrojejunal anastomotic bleeding. 
Furthermore, one upper-located tumor was found to have a 
positive circumferential margin in TLG. It seems as though 
tumors of the upper location are more likely to occur in 
conversion and have a positive circumferential margin. We 
noticed that there are studies showing similar results [12,13]. 
These results remind us that the upper location of tumor may 
be a risk factor for conversion by total laparoscopic technique 
and should be carefully considered in D2 gastrectomy. 

It was reported that anastomotic complications after surgery 
were approximately 1.4%–10% [14,15]. Most research showed 
that neoadjuvant chemotherapy did not affect anastomotic 
complications after surgery, open or laparoscopic [16,17]. Our 
results showed that the rate of anastomotic complications was 
8.8% and 6.5% in the LAG and TLG groups, respectively. Unlike 
radiotherapy, chemotherapy does not increase the difficulty 
of surgery and anastomosis [18]. Furthermore, neoadjuvant 
chemotherapy does not affect tissue healing ability after 
surgery [19]. These reasons may explain why the incidence of 
anastomotic complications did not increase significantly after 
neoadjuvant chemotherapy. Our results also showed that there 
was no significant difference in anastomotic complications 
between the LAG and TLG groups. This indicates that TLG does 
not increase the rate of anastomotic complications.

The research on TLG for advanced gastric cancer after 
neoadjuvant chemotherapy is rare, and even fewer on long-
term outcomes. Our results showed that the 3-year OS and DFS 
were 64.5% and 54.8% in the TLG group, respectively. These 
results were comparable with open techniques [20,21]. However, 
we still need time to receive 5-year OS and DFS. Our results 
also showed no significant difference with the LAG group. To 
the best of our knowledge, this study is the first report that 
total laparoscopic treatment for advanced gastric cancer after 
neoadjuvant chemotherapy had similar long-term survival 
results as laparoscopic adjuvant treatment for advanced gastric 
cancer.

This study has several limitations. Firstly, this is retrospective 
research from a single center and the sample size is small; 
although the baseline of patients is comparable in both groups, 
selective bias may exist. Secondly, this study does not compare 
the results with open techniques. At last, cancer recurrence and 

5-year-long outcomes have not been analyzed. Therefore, these 
limitations should be considered when referring to our study. 
In the future, a multicenter prospective randomized controlled 
study is needed to evaluate the safety and efficacy of TLG for 
advanced gastric cancer after neoadjuvant chemotherapy. 

In summary, TLG does not increase complications 
intraoperatively or postoperatively for patients with locally 
advanced gastric cancer after neoadjuvant chemotherapy 
compared with laparoscopy-assisted procedures, and the long-
term outcomes were comparable with laparoscopy-assisted 
procedures. A further multicenter prospective randomized 
controlled study is needed to elucidate the applicability of this 
technique for advanced gastric cancer.
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