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Introduction

Gastric cancer remains the 6th most prevalent form of 
cancer and the 3rd leading cause of cancer-related death, 
with just under 800,000 new cases in 2017 alone (1,2). In 
order to prolong the survival of gastric cancer patients, 
it is vital that the disease is detected early and is rapidly 

treated via surgical intervention (3,4). Although open 
surgery can effectively remove the lesion, it can also result 
in significant trauma and a large amount of intraoperative 
blood loss, which is not conducive to postoperative 
recovery (5). At present, laparoscopic gastrectomy is a 
popular method. Clinical results indicate that laparoscopic 
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gastrectomy has the advantages of small incision, limited 
tissue damage, and less intraoperative blood loss, and can 
clearly observe the complex structure around the stomach 
(6,7). For laparoscopic gastrectomy, the reconstruction 
of the digestive tract has been of widespread concern. In 
order to eliminate the tiny laparoscopic scars caused by 
laparoscopic assisted distal gastrectomy (LADG) with 
extracorporeal anastomosis, intracorporeal anastomosis is 
currently adopted, which leads to totally laparoscopic distal 
gastrectomy (TLDG). In 2002, Kanaya et al. designed a 
totally laparoscopic reconstruction of Billroth I, called 
the delta-shaped anastomosis (DA) (8). It has become a 
common method of digestive tract reconstruction following 
laparoscopic distal gastrectomy. Short-term outcomes of 
DA have been assessed previously, however, one study 
lacked long-term survival results(9) and another study 
indicated that there were no significant differences between 
the short-term efficacy and long-term survival of DA and 
Billroth I (10), with no further confirmation. In our study, a 
comparison of the short-term effects and long-term survival 
of gastric cancer patients using DA and Billroth I after 
laparoscopic distal gastrectomy was performed. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
jgo-21-109).

Methods

Patients

Patients with gastric cancer undergoing laparoscopic 
distal gastrectomy from January 2013 to December 2017 
were included in the study. The principle of surgery was 
primarily defined according to the treatment guidelines 
for gastric cancer in Japan (11,12). All the operations were 
performed with D2 lymphadenectomy, and a negative 
gastric margin after surgery was ensured to achieve adequate 
tumor resection (13,14). The principle of chemotherapy 
was based on the National Comprehensive Cancer 
Network (NCCN) guidelines (15,16). None of the patients 
received radiotherapy after surgery. Patient information 
was obtained from the Electronic Case System of the First 
Affiliated Hospital of Chongqing Medical University, and 
phone calls or outpatient visits were used for the follow-up 
of all patients through to December 31, 2018.

Inclusion criteria: (I) pathological biopsy confirmed 
gastric adenocarcinoma; (II) preoperative chest X-ray, CT, 
and other auxiliary examinations did not discover cancer 

metastasis; (III) surgical methods: laparoscopic distal 
gastrectomy with D2 lymphadenectomy, while digestive 
tract reconstruction was with DA or Billroth I. 

Exclusion criteria: (I) patients with TNM [Union for 
International Cancer Control [UICC]/American Joint 
Committee on Cancer (AJCC)] stage IV; (II) patients who 
refused follow-up after surgery; (III) patients who died due 
to tumor-independent diseases, such as trauma, car accident, 
or cardiovascular and cerebrovascular events.

Surgical procedure 

After the patient was anesthetized, a 1 cm arc incision was 
made in the lower edge of the navel to establish a CO2 
artificial pneumoperitoneum. Surgery was performed with 
a five-hole method. DA in laparoscopic distal gastrectomy 
was performed with just a laparoscopic linear stapler8. In 
the Billroth I group, after fully mobilizing the stomach and 
lymph nodes, a small 5 cm incision was made 3 cm below 
the xiphoid process. The incision was protected with a 
wound protector. After delivery from the pylorus, a purse 
suture was placed in the duodenal balloon and connected 
to the mushroom head of the circular stapler. The stomach 
was divided by the linear stapler and combined with the 
circular stapler to the duodenal stump. 

This retrospective study included 257 patients. Among 
them, there were 166 cases of Billroth I and 91 cases of DA. 
The study was approved by the First Affiliated Hospital 
of Chongqing Medical University Ethics Committee 
(No.2018-004). All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). Individual 
consent for this retrospective analysis was waived.

Materials and follow-up

Herein, the short-term effects and long-term survival of 
DA and Billroth I following laparoscopic distal gastrectomy 
for gastric cancer were compared. Patient information 
was collected from the case system, including age, gender, 
laboratory findings, tumor size, body mass index (BMI), 
number of lymph node metastases, human epidermal 
growth factor receptor 2 (HER2) expression, operative time, 
blood loss, postoperative complications, first anal exhaust 
time, time of first intake of fluid diet, postoperative hospital 
stay, and survival outcome. Follow-up visits were mainly 
conducted through telephone interviews or outpatient visits.
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Statistical analyses

SPSS v23.0 (SPSS Inc., IL, USA) was used for all statistical 
analyses. For quantitative variables, the normal distribution 
was verified. If the distribution was normal, continuous 
variables were compared using t-tests and were expressed 
as mean ± SD. If not, variables were tested by the Wilcoxon 
nonparametric test. For categorical data, a chi-square test or 
Fisher's exact test was utilized. The Kaplan-Meier approach 
and log rank tests were used for survival analyses. Cox 
proportional hazard regression model was used to analyze 
all data for univariate and multivariate analyses to verify 
independent survival prognostic factors. P<0.05 was the 
significance threshold.

Results

Clinical information

The clinical parameters of the DA group were compared 
with the Billroth I group. When comparing these groups, 
no significant differences were detected with respect to 
age, gender, BMI, disease course, tumor invasion, tumor 
differentiation, tumor diameter, or tumor histological 
type. However, the preoperative platelet counts were 
significantly different between the DA and Billroth I groups 
(P=0.026) (Table 1). The intraoperative and postoperative 
parameters of the DA group were also compared with those 
of the Billroth I group (Table 2). The results indicated that 
bleeding volume, reoperation, postoperative complication 
rates, and postoperative recurrence rates were comparable 
between the DA and Billroth I groups. The median 
operative time (190 minutes) was reduced in the DA group 
relative to the Billroth I group (211 minutes) (P<0.001). 
The postoperative hospitalization duration was shorter in 
the DA group (6 days) relative to the Billroth I group (8 
days) (P<0.001), and the median time to first soft diet oral 
intake in the DA group (5 days) was earlier than the Billroth 
I group (7 days) (P=0.014). 

Survival results

A staged subgroup analysis of 5-year survival rates showed 
that for patients with stage I gastric cancer, the rates for 
patients in the DA and Billroth I groups were 93.77% and 
94.44%, respectively (P=0.912; Figure 1). In stage II gastric 
cancer patients, the 5-year survival rates in the DA and 
Billroth I groups were 81.07% and 73.22%, respectively 
(P=0.477; Figure 2). Furthermore, in stage III gastric 

cancer patients, the 5-year survival rates in the DA and 
Billroth I groups were 63.97% and 55.38%, respectively 
(P=0.243; Figure 3). Differences in survival between these 2 
groups were not significant among individuals of the same 
pathological stage.  

A univariate analysis was initially performed in 
order to explore the prognostic relevance of clinical 
and perioperative variables. This analysis revealed that 
albumin levels (P=0.002), carcinoembryonic antigen (CEA) 
abnormality (P=0.007), tumor size (P=0.024), chemotherapy 
(P=0.009), T stage (P<0.001), and N stage (P<0.001) 
were all associated with patient survival outcomes. These 
parameters were then incorporated into a subsequent 
multivariate analysis, which indicated that CEA abnormality 
(P=0.006), chemotherapy (P<0.001), T stage (P<0.001), 
and N stage (P<0.001) were all independent predictors of 
patient survival outcomes (Table 3).

Discussion

Common gastrointestinal reconstruction methods after 
laparoscopic distal gastrectomy include DA and Billroth 
I. The ideal method of anastomosis not only achieves the 
purpose of treating tumors and reconstructing the digestive 
tract, but also ensures good gastrointestinal function and 
reduces the rates of adverse outcomes or death following 
surgery. It is essential that significant attention be paid 
to the postoperative quality of life and prognosis of these 
patients (17,18). In clinical practice, Billroth I is commonly 
used by surgeons in the Asia Pacific region (19). Billroth I 
reconstruction was required to complete the anastomosis 
of the residual stomach and duodenum by laparoscopic 
assistance, while DA was totally performed under 
laparoscopy. TLDG has the advantages of small incision 
and minimal tissue damage (6,7). Therefore, the operation 
time of DA is shorter, the postoperative wound recovery 
is faster, and the postoperative hospitalization duration 
is shorter. The median operative time (190 minutes) was 
shorter in the DA group than in the Billroth I group  
(211 minutes) (P<0.001). The post-operative length 
of hospital stay in the DA group (6 days) was reduced 
compared with the Billroth I group (8 days) (P<0.001). 
The median time to first soft diet oral intake (5 days) in the 
DA group was earlier than in the Billroth I group (7 days) 
(P=0.014). These results are consistent with the results 
obtained in the previous literature (9).

Long-term survival of different anastomotic methods 
have been of widespread concern. Our results indicated 
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Table 1 Comparison of clinical characteristics 

Characteristic DA (n=91) Billroth I (n=166) P value

Gender 0.242

Female 31 (34.07) 45 (27.11)

Male 60 (65.93) 121 (72.89)

Age (years)* 58.34±10.71 58.61±11.12 0.847

Body mass index (kg/m2)* 21.53±2.67 21.82±3.01 0.446

Albumin (g/L)^ 41 [38–44] 41 [36–44] 0.859

Platelet count (×109/L)^ 164 [204–254] 181 [144–234] 0.026

CEA 0.895

Abnormal 3 (3.29) 6 (3.61)

Normal 88 (96.71) 160 (96.39)

CA199 0.334

Abnormal 13 (14.29) 17 (10.24)

Normal 78 (85.71) 149 (89.76)

Histological classification 0.756

Tubular adenocarcinoma 39 (42.86) 61 (36.75)

Papillary adenocarcinoma 3 (3.29) 8 (4.82)

Mucinous adenocarcinoma 6 (6.59) 14 (8.43)

Low-grade adenocarcinoma 20 (21.98) 45 (27.11)

Signet ring cell carcinoma 23 (25.28) 38 (22.89)

Greatest dimension (cm) 0.493

<2 21 (23.08) 38 (22.89)

2–5 60 (65.93) 121 (72.89)

>5 10 (10.99) 7 (4.22)

HER2 0.212

− 47 (51.65) 83 (50.00)

+ 33 (36.26) 48 (28.92)

2+ 10 (10.99) 27 (16.27)

3+ 1 (1.10) 8 (4.81)

Adjuvant chemotherapy 0.513

Yes 48 (52.75) 95 (57.23)

No 43 (47.25) 71 (42.77)

T stage 0.851

T1 23 (25.27) 48 (28.92)

T2 21 (23.08) 39 (23.49)

T3 22 (24.18) 33 (19.88)

T4 25 (27.47) 46 (27.71)

Table 1 (continued)
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that 5-year survival rates were comparable between the 
DA and Billroth I groups. A staged subgroup analysis of 
5-year survival rates showed that for patients with stage I 
gastric cancer, the rates for patients in the DA and Billroth 
I groups were 93.77% and 94.44%, respectively (P=0.912; 
Figure 1). In stage II gastric cancer patients, the 5-year 

survival rates for patients in the DA and Billroth I groups 
were 81.07% and 73.22%, respectively (P=0.477; Figure 2). 
In stage III gastric cancer patients, the rates for patients in 
the DA and Billroth I groups were 63.97% and 55.38%, 
and 32.21%, respectively (P=0.243; Figure 3). Differences in 
survival between these 2 groups were not significant among 

Table 1 (continued)

Characteristic DA (n=91) Billroth I (n=166) P value

N stage 0.433

N0 57 (62.63) 88 (53.02)

N1 12 (13.19) 30 (18.07)

N2 10 (10.99) 26 (15.66)

N3 12 (13.19) 22 (13.25)

Pathological stage 0.990

Stage I 37 (40.66) 66 (39.76)

Stage II 21 (23.08) 39 (23.49)

Stage III 33 (36.26) 61 (36.75)

Continuous variables were analyzed using the two-sample t-test or the Wilcoxon rank-sum test. Categorical variables were analyzed using 
the chi-square test. Unless indicated otherwise, data are the number of patients, with percentages in parentheses. *, data are means ± 
standard deviations. ^, data are medians, with interquartile ranges in parentheses. DA, delta-shaped anastomosis.

Table 2 Patients’ intraoperative and postoperative parameters

Intraoperative and postoperative 
parameters

DA (n=91) Billroth I (n=166) P value

Operation duration (min)* 190 [165–221] 211 [180–250] <0.001

Blood loss volume (mL)* 100 [50–105] 100 [50–150] 0.417

Postoperative bleeding* 2 (2.19) 5 (3.01) 1.000

Postoperative hospital stay (days)^ 6 [5–8] 8 [7–11] <0.001

Reoperation 0 (0) 5 (3.01) 0.230

First anus exhaust (days)^ 3 [2–3] 3 [2–3] 0.404

First liquid diet (days) 5 [4–6] 7 [6–9] 0.014

Anastomosis fistula 6 (6.59) 14 (8.43) 0.598

Anastomosis stricture 2 (2.19) 2 (1.20) 0.930

Incision infection 1 (1.09) 3 (1.81) 1.000

Lung infection 6 (6.59) 11 (6.63) 0.992

Celiac infection 2 (2.19) 7 (4.22) 0.626

Tumor recurrence 14 (15.73) 34 (21.12) 0.320

Continuous variables were analyzed using the two-sample t-test or the Wilcoxon rank-sum test. Categorical variables were analyzed using 
the chi-square test. Unless indicated otherwise, data are the number of patients, with percentages in parentheses. *, data are means ± 
standard deviations. ^, data are medians, with interquartile ranges in parentheses. DA, delta-shaped anastomosis.
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individuals of the same pathological stage.  
The prognostic relevance of specific clinicopathological 

variables was assessed using univariate and multivariate 
analyses, which revealed that for both groups, CEA 
abnormality (P=0.006), chemotherapy (P<0.001), T stage 
(P<0.001), and N stage (P<0.001) were independent 
prognostic factors for survival (Table 3). CEA is one of 
the most commonly used serum tumor markers in gastric 
cancer. Previous studies have confirmed the value of CEA 
for predicting the prognosis of gastric cancer patients 
(20,21). Similarly, T stage and N stage grounding represent 

the extent of tumor progression and TNM staging, and 
postoperative chemotherapy affects postoperative tumor 
recurrence and progression. Therefore, these factors may 
affect survival outcomes. 

There are multiple limitations to the present study. 
Firstly, this was a retrospective analysis and it is therefore 
susceptible to indication and selection biases. The 
reconstruction of laparoscopic distal gastrectomy for gastric 
cancer is determined by the surgeon. They usually choose 
Billroth I as the method for gastrointestinal reconstruction, 
resulting in differences in the total sample size of each 
group. Secondly, when we calculated postoperative survival, 
we did not detail the long-term complication rates of 
patients, and the patients’ long-term nutritional status, 
gastrointestinal function, and quality of life were not 
compared between treatment groups. However, multivariate 
and phased subgroup analyses were conducted, and these 
results were nonetheless convincing. Further prospective 
randomized controlled trials will be essential in order to 
better explore the optimal gastrointestinal reconstruction 
approach for LADG.

In summary, our results indicate that it is possible to 
safely conduct DA and Billroth I reconstruction following 
laparoscopic distal gastrectomy while achieving satisfactory 
complication rates. Among patients with diseases of the 
same pathological stage, no significant differences in 
5-year survival were detected. DA offers clear advantages 
as a reconstruction approach, including the fact that it is 
a laparoscopic approach that results in minimal scarring 
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Figure 1 In the staged stratified subgroup analysis of stage I gastric 
cancer patients, the 5-year survival rates of the DA group and the 
Billroth I group were 93.77% and 94.44%, respectively (P=0.912). 
DA, delta-shaped anastomosis.

Figure 2 In the staged stratified subgroup analysis of stage II 
gastric cancer patients, the 5-year survival rates of the DA group 
and the Billroth I group were 81.07% and 73.22%, respectively 
(P=0.477). DA, delta-shaped anastomosis.

Figure 3 In the staged stratified subgroup analysis of stage III 
gastric cancer patients, the 5-year survival rates of the DA group 
and the Billroth I group were 63.97% and 55.38%, respectively 
(P=0.243). DA, delta-shaped anastomosis.
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Table 3 Prognostic factors for survival

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Gender 0.248

Male Reference

Female 0.630 (0.288–1.379)

Age (years)* 1.002 (0.972–1.032) 0.906

BMI (kg/m2)* 0.928 (0.825–1.045) 0.218

ALB (g/L)^ 0.912 (0.860–0.968) 0.002 0.983 (0.940–1.028) 0.455

Platelet count (×109/L)^ 0.997 (0.992–1.002) 0.303

Anastomosis 0.266

DA Reference

B-I 1.510 (0.730–3.123)

CEA 0.007 0.006

Abnormal Reference Reference

Normal 0.242 (0.085–0.683) 0.294 (0.127–0.681)

CA199 0.550

Abnormal Reference

Normal 0.750 (0.292–1.925)

Histological classification 0.872

Papillary adenocarcinoma Reference

Signet ring cell carcinoma 1.458 (0.329–6.460) 0.620

Mucinous adenocarcinoma 1.832 (0.597–5.624) 0.290

Low-grade adenocarcinoma 1.184 (0.506–2.772) 0.697

Tubular adenocarcinoma 1.124 (0.480–2.630) 0.788

Greatest dimension (cm) 0.024 0.266

<2 Reference Reference

2–5 2.765 (1.111–6.883) 0.026 1.631 (0.642–4.143) 0.295

>5 4.774 (1.515–15.045) 0.008 2.109 (0.649–6.854) 0.104

HER2 0.404

− Reference

+ 1.250 (0.744. 2.101) 0.890

2+ 1.468 (0.181–11.941) 0.720

3+ 1.596 (0.211–12.046) 0.650

Complications 0.770

No Reference

Yes 1.084 (0.629–1.869)

Table 3 (continued)
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while also reducing hospitalization duration and operative 
duration. Furthermore, DA patients exhibited more rapid 
postoperative dietary recovery than Billroth I patients.
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