
Yonsei Med J   http://www.eymj.org   Volume 53   Number 5   September 2012952

Original Article http://dx.doi.org/10.3349/ymj.2012.53.5.952
pISSN: 0513-5796, eISSN: 1976-2437          Yonsei Med J 53(5):952-959, 2012

Comparative Study of  Laparoscopy-Assisted versus Open 
Subtotal Gastrectomy for pT2 Gastric Cancer

Hyun-Tae Chun, Ki-Han Kim, Min-Chan Kim, and Ghap-Joong Jung
Department of Surgery, Dong-A University College of Medicine, Busan, Korea.

Received: October 4, 2011
Revised: November 21, 2011
Accepted: November 26, 2011
Corresponding author: Dr. Ki-Han Kim,
Department of Surgery, Dong-A University 
College of Medicine, 26 Daesingongwon-ro, 
Seo-gu, Busan 602-715, Korea.  
Tel: 82-51-240-5146 , Fax: 82-51-247-9316  
E-mail: sshamee@dau.ac.kr 

∙ The authors have no financial conflicts of 
interest.

© Copyright:
Yonsei University College of Medicine 2012

This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: Laparoscopy-assisted distal gastrectomy (LADG) is a widely accepted 
surgery for early gastric cancer. However, its use in advanced gastric cancer has 
rarely been studied. The aim of this study is to investigate the feasibility and sur-
vival outcomes of LADG for pT2 gastric cancer. Materials and Methods: Be-
tween January 2004 and December 2009, we evaluated 67 and 52 patients who 
underwent open distal gastrectomy (ODG) and LADG, respectively, with diagno-
sis of pT2 gastric cancer. The clinicopathological characteristics, postoperative 
outcomes, and survival were retrospectively compared between the two groups. 
Results: There were statistically significant differences in the proximal margin of 
the clinicopathological parameters. The operation time was significantly longer in 
LADG than in ODG (207.7 vs. 159.9 minutes). There were 6 (9.0%) and 5 (9.6%) 
complications in ODG and LADG, respectively. During follow-up periods, tumor 
recurrence occurred in 7 (10.4%) patients of the ODG and in 4 (7.7%) patients of 
the LADG group. The 5-year survival rate of ODG and LADG was 88.6% and 
91.3% (p=0.613), respectively. In view of lymph node involvement, 5-year surviv-
al rates were 96.0% in ODG versus 97.0% in LADG for patients with negative 
nodal metastasis (p=0.968) and 80.9% in ODG versus 78.7% in LADG for those 
with positive nodal metastasis (p=0.868). Conclusion: Although prospective study 
is necessary to compare LADG with open gastrectomy for the treatment of ad-
vanced gastric cancer, laparoscopy-assisted distal gastrectomy might be consid-
ered as an alternative treatment for some pT2 gastric cancer.
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INTRODUCTION

In spite of improvement of the survival of patients with gastric cancer, it is one of 
the most common causes of cancer-related death in the world.1,2 The incidence of 
early gastric cancer in Korea has been increasing because of recent improvements 
for early diagnosis.3 Since laparoscopy-assisted distal gastrectomy (LADG) for 
early gastric cancer was first performed in 1991 and first reported in 1994,4 many 
authors have reported their experiences of minimally invasive surgery of the stom-
ach.5-8 As the experience with laparoscopy-assisted gastrectomy (LAG) for early 
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were expressed as means±standard deviations (SDs). Post-
operative hospital stay and follow-up periods were ex-
pressed as median±SDs. Major complication was defined 
as those for which reoperations were needed or that result-
ed in postoperative death, and minor complication was de-
fined as those for which conservative care was necessary, 
delaying hospital discharge.

Follow-up results were obtained from patients’ hospital 
records and telephone calls, and recurrence was determined 
by endoscopy, computed tomography, positron emission to-
mography, etc.18 The gastric cancer stage was classified ac-
cording to the seventh edition of the AJCC staging criteria.19 

Surgical technique
All laparoscopy-assisted gastrectomies were performed ac-
cording to the standard procedure guidelines as follows.18 
All patients were placed in lithotomy position under gener-
al anesthesia. The surgeon stood on the patient’s right, with 
the first assistant on the patient’s left and the camera assis-
tant between the patient’s legs. An initial 11 mm trocar for a 
30 degree rigid laparoscope was inserted through the supra-
umbilical area using an open technique. After the establish-
ment of a pneumoperitoneum at 12 mm Hg, four surgical 
ports were inserted. First, the greater omentum was divided 
at the mid portion of the transverse colon about 4-5 cm 
from the gastroepiploic arcade toward the lower pole of the 
spleen using Harmonic ACE (Ethicon Endo-Surgery, Cin-
cinnati, OH, USA). Next, the right omentum and lymph 
nodes were dissected along the right gastroepiploic vessels 
(no. 4d). The infrapyloric nodes (no. 6) and the nodes along 
the superior mesenteric vein (no. 14v, if necessary) were dis-
sected. After the suprapyloric nodes (no. 5) and the nodes 
along the proper hepatic artery (no. 12a) were dissected, the 
duodenum just distal to the pyloric ring was transected. 
Then the nodes along the common hepatic artery (no. 8a) 
and the proximal splenic artery (no. 11p) were dissected. Af-
ter dissecting the nodes along the left gastric artery (no.7) 
and the nodes around the celiac artery (no. 9), the right car-
dial nodes (no. 1) and the nodes along the lesser curvature 
(no. 3) were dissected. A 5-cm upper midline or transverse 
skin incision was made from the substernal angle or right 
subcostal area, and an incision template (AlexisTM Wound 
retractor, Applied Medical, Rancho Santa Margarita, CA, 
USA) was applied on the incision site. Billroth I gastroduo-
denostomy was performed by a circular stapler (Proximate 
CDH 29; Ethicon Endo-Surgery, Cincinnati, OH, USA), 
and Billroth II gastrojejunostomy using flexible laparoscop-

gastric cancer gradually accumulated, it was expected that 
the next step of treatment modality for advanced gastric 
cancer would be laparoscopic surgeries. However, few re-
ports related to the efficacy of laparoscopic surgery in the 
management of advanced gastric cancer have been pub-
lished.9-12 

To date, many surgeons have been concerned with ad-
vanced gastric cancer surgery by laparoscopy. However, the 
most reports about LAG for advanced gastric cancer treat-
ment included more than a pT2 lesion (muscularis propria). 
From the pathological and clinical viewpoints of the prima-
ry tumor stage,13,14 pT2 gastric cancer is considered to be an 
intermediate-stage carcinoma between early and advanced 
cancer. The patients with gastric cancer involving muscula-
ris propria have been reported to have better prognoses than 
those with gastric cancer involving subserosa and sero-
sa.13-15 Therefore, before the analysis of LAG for advanced 
gastric cancer is performed, study of the effectiveness of 
LAG should be performed on pT2 gastric cancer, which 
has a relatively better prognosis compared with T3 and T4 
gastric cancers. Thus, we investigated the feasibility and 
survival outcomes of laparoscopic surgery for pT2 (muscu-
lar propria) gastric cancer.

MATERIALS AND METHODS
　　　

Patients with gastric cancer treated with gastrectomy by a 
single surgeon between January 2004 and December 2009 
were included in the present study. In the early period before 
2006, our indication of LADG for gastric cancer was cT-
1N0M0 according to the 6th edition of the American Joint 
Committee on Cancer (AJCC) staging criteria.16 During that 
period, 15 patients who were preoperatively evaluated with 
cT1 were diagnosed with pT2. After 2006, we extended the 
indication to cT2N1M0. In this retrospective study, 119 cas-
es with pT2 tumors were consecutively selected from pa-
tients with gastric cancer, on whom a radical operation was 
performed. Lymph node dissection was done to standard D2 
or more lymphadenectomy according to 2010 Japanese gas-
tric cancer treatment guidelines (ver. 3).17 Of 119 patients, 
67 underwent open distal gastrectomy (ODG) and 52 under-
went LADG. Clinicopathologic features, such as age, gen-
der, body mass index, comorbidity diseases, tumor size, his-
tologic type, reconstruction, resection margin, lymph node 
dissection, metastatic lymph node status, postoperative out-
comes, recurrences, and survival, were reviewed. All values 
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test was used to analyze survival differences, and SPSS 
version 18.0 (SPSS, Chicago, IL, USA) was used for the 
analysis. 

RESULTS
 

Patient characteristics
Clinical and pathological data for the 119 evaluable patients 
are shown in Table 1. No statistically significant differences 
were seen between both groups, except in the proximal mar-

ic stapling devices (Echelon Flex, Ethicon Endo-Surgery, 
Cincinnati, OH, USA) was performed or a handsewing tech-
nique was adopted as used for conventional open surgery. 

Statistical analysis
Chi-square and independent t-tests were used to compare 
the clinicopathological factors of patients with ODG and 
LADG using GraphPad InStat® (version 3.06, GraphPad 
Software, Inc., San Diego, CA, USA). Statistical signifi-
cance was assumed for p values <0.05. Survival curves 
were calculated by the Kaplan-Meier method. The log-rank 

Table 1. Clinicopathological Features
Clinicopathological features ODG (n=67) LADG (n=52) p value
Age (yrs)*   60.8±11.1   61.1±12.6 0.869
Gender 0.124
    Male 48 30
    Female 19 22
BMI (kg/m2)* 22.9±3.0 22.8±2.8 0.783
Comorbidity 0.400
    No 52 36
    Yes 15 16
Size of main lesion (mm)*   4.0±2.1   3.4±1.6 0.094
Histologic type 0.257
    Well differentiated 12   6
    Moderately differentiated 27 24
    Poorly differentiated 25 18
    Signet ring cell   1   4
    Others   2   0
Tumor location 0.372
    Middle 12 13
    Lower 55 39
Reconstruction 0.123
    B-I 36 37
    B-II 30 15
    R-Y   1   0
Resection margin (cm)*
    Proximal   6.5±3.6   5.0±2.9 0.014
    Distal   5.4±3.1   6.0±3.4 0.372
Lymph node metastasis 0.264
    Negative 35 33
    Positive 32 19
N stage† 0.209
    N0 35 33
    N1 12   9
    N2 12   9
    N3   8   1
Retrieved lymph node (number)*   39.3±11.2   39.1±15.2 0.917

ODG, open distal gastrectomy; LADG, laparoscopy-assisted distal gastrectomy; BMI, body mass index; AJCC, American Joint Committee on Cancer.
*All values are the mean and standard deviation.
†Based on the AJCC 7th TNM classification.
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LADG group (range, 1.0-82.2 months; p=0.114) (Table 2). 
Tumor recurrence was detected in 7 cases (10.4%) in the 
ODG group and in 4 cases (7.7%) in the LADG group dur-
ing the follow-up periods. Details of patients with distant 
and local recurrence are shown in Table 3. The 5-year sur-
vival rate of the ODG and LADG groups were 88.6% and 
91.3% (p=0.613), respectively (Fig. 1). In view of lymph 
node involvement, the 5-year survival rates for patients with 
negative nodal metastasis were 96.0% in the ODG group 
versus 97.0% in the LADG group (p=0.968). For those with 
positive nodal metastasis, the 5-year survival rates were 
80.9% in the ODG group versus 78.7% in the LADG group 
(p=0.868) (Fig. 2A and B). 

DISCUSSION

Early detection of gastric cancer has increased recently be-
cause of improved diagnostic procedures and regular indi-
vidual checkups.3 Although gastrectomy with lymphade-
nectomy had been firmly accepted as a standard treatment 
for every stage of gastric cancer since the 1980s,20,21 laparo-
scopic surgery for gastric cancer has recently become an al-
ternative treatment option. Many authors have reported their 
experiences and its advantages, such as good cosmetic ef-
fects, improved quality of life, minimal degree of pain, short-
er hospital stay, early rehabilitation, and early return to so-
cial activity.5-8,22,23

gin (ODG, 6.5±3.6 versus LADG, 5.0±2.9 cm; p=0.014). 
The mean number of retrieved lymph nodes in ODG was 
39.3±11.2, and it was 39.1±15.2 in LADG. Lymph node me-
tastasis was identified in 32 (47.8%) and 19 patients (36.5%) 
of ODG and LADG, respectively. According to N stage clas-
sification, N0, N1, N2, and N3 with ODG and LADG were 
35, 12, 12, and 8, and 33, 9, 9, and 1, respectively.

Postoperative outcomes
Operation time was significantly longer in the LADG group 
than in the ODG group (207.7±40.6 versus 159.9±39.0 min-
utes, respectively; p<0.0001). First flatus times, postopera-
tive median hospital stay, and postoperative complications 
had no statistical differences between both groups. There 
were 6 (9.0%) and 5 (9.6%) operation-related complications 
in the ODG and LADG groups, respectively. Immediate 
postoperative intra-abdominal bleeding occurred in one case 
in the ODG group who needed operative hemostasis. Stump 
leakage occurred in one case in the LADG group, which 
was corrected by surgical intervention, and one patient died 
of postoperative multi-organ failure. As for perioperative 
blood transfusion, 5 cases of the ODG group required trans-
fusion and 2 of the LADG group did, but no statistical sig-
nificance was shown between both groups (Table 2). 

Follow-up results
The median follow-up period for the ODG group was 60.4 
months (range, 7.0-91.7 months) and 53.2 months for the 

Table 2. Postoperative Outcomes
Postoperative outcomes ODG (n=67) LADG (n=52) p value
Operative times (mins)* 159.9±39.0 207.7±40.6 <0.001
Hospital stay (days)†   7.0±1.6     7.0±16.1 0.428
First flatus time (days)*   3.1±0.8   3.1±0.8 0.979
Complication 1.000
    Major (re-operation or death)
        Stump leakage 0 1
        Intra-abdominal bleeding 1 0
        Multi-organ failure 0 1
    Minor 
        Wound problem 2 1
        Intra-abdominal bleeding 1 1
        Ileus 1 0
        Stump leakage 1 0
        Gastric stasis 0 1
Perioperative blood transfusion (%) 5 (7.5) 2 (3.8) 0.466
Median follow-up duration (months, range) 60.4 (7.0-91.7) 53.2 (1.0-82.2) 0.114

ODG, open distal gastrectomy; LADG, laparoscopy-assisted distal gastrectomy; AJCC, American Joint Committee on Cancer.
*All values are the mean and standard deviation.
†The median and standard deviation.
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sizes were smaller than those done by the open method. 
There was a statistically significant difference in the proxi-
mal margin between both groups, since it was easier to se-
cure the safety margin in the open group than in LADG in 
which to obtain adequate operative field was restricted. 
However, the mean length of proximal margins of the 
LADG group was 5 cm and considered to be adequate for 
this safety. There were no significant differences in the 
number of retrieved lymph nodes between the groups. This 
suggests that laparoscopy-assisted gastrectomy may re-
trieve as many lymph nodes as open surgery. In postopera-
tive results, although the operation time of the LADG 
group was longer than that of the ODG group, the postop-
erative median hospital stay and the first flatus time of the 
LADG group were not different from those of the ODG 
group. Postoperative mortality rates for laparoscopic gas-
trectomy reported by other authors range between 0% and 
3%.5,9,10,25 In our study, one death (1.9%) occurred in the 
LADG group because of multi-organ failure on postopera-
tive day 28. He was preoperatively in a very complicated 
state. His underlying diseases were pneumonia, atrial fibril-
lation, right middle cerebral artery infarction, and hyperten-
sion. He underwent LADG (Billroth-I). After the operation, 
he was taken to the intensive care unit because of his unsta-
ble condition. Unfortunately, his cardiac, pulmonary, and 
renal functions gradually failed. In other reports regarding 
the postoperative morbidity, results ranged from 2% to 20% 
for patients who underwent LAG.5-7,9-11 The postoperative 
morbidity rate was 7.7% (4 patients) in the LADG group 
and 9.0% (6 patients) in the ODG group. In this study, tu-

As experience with LAG for early gastric cancer substan-
tially increased, particularly in Korea and Japan, some sur-
geons are concerned with laparoscopic surgery for advanced 
gastric cancer. However, the application of laparoscopic sur-
gery to advanced gastric cancer remains questionable be-
cause of the technical difficulty of lymphadenectomy, and 
scant data on the oncologic adequacy of the procedure are 
available.9-12,18

Most reports about LAG for the treatment of advanced 
gastric cancer included more than pT2 lesions.8-10 Accord-
ing to the depth of invasion of gastric cancer, it is classified 
by mucosal, submucosal, muscular, subserosal, and serosal 
cancer. Advanced gastric cancer confined to the muscularis 
propria is considered to be an intermediate-stage carcinoma 
between early and advanced cancer. Although gastric carci-
noma invading muscularis propria has been classified as 
advanced stage, postoperative survival for patients with 
pT2 gastric cancer has been reported to be better than that 
for patients with other advanced gastric carcinomas.13,14,24 
Therefore, before LAG is performed for advanced gastric 
cancer, a study of the effectiveness of LAG should be per-
formed on pT2 gastric cancer, which has a relatively better 
prognosis compared with T3 and T4 gastric cancers. In our 
study, therefore, we analyzed and compared ODG and 
LADG. No statistical differences were seen between both 
groups, except in the proximal margin. The tumor size was 
bigger in the ODG group because until 2006, we had usual-
ly favored laparoscopic surgeries mainly in the early gastric 
cancer which were generally small in size. In cases of pT2 
done laparoscopically, they were EGC like pT2, so their 

Table 3. Details of Patients with Distant and Local Recurrence 

No. Sex Age TNM stage* Stage* Recurrence site Interval after 
operation (months)

ODG
1 Male 51 T2N0M0 IB Remnant stomach+Peritoneum 48.0
2    Female 61 T2N3M0 IIIA Bone+Peritoneum 12.0
3 Male 68 T2N3M0 IIIA Lymph node 12.0
4 Male 61 T2N3M0 IIIA Peritoenum+Lymph node   4.7
5    Female 47 T2N3M0 IIIA Liver+Lymph node   5.4
6 Male 62 T2N3M0 IIIA Lymph node 17.7
7 Male 68 T2N3M0 IIIA Lymph node   6.3

LADG
1 Male 60 T2N2M0 IIB Bone+Lymph node   6.6
2 Male 76 T2N1M0 IIA Liver 42.2
3 Male 48 T2N2M0 IIB Liver+Lymph node 17.7
4 Male 60 T2N0M0 IB Lymph node 24.5

ODG, open distal gastrectomy; LADG, laparoscopy-assisted distal gastrectomy; AJCC, American Joint Committee on Cancer.
*Based on the AJCC 7th TNM classification.
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it is highly likely that lymph node metastasis influenced the 
prognosis of pT2 gastric cancer. In view of no differences in 
the extent of lymph node dissection, number of retrieved 
lymph nodes, and survival rates (prognosis) between both 
groups, laparoscopy-assisted gastrectomy for pT2 gastric 
cancer may be feasible. Moreover, because lymph node me-
tastasis is closely related with the postoperative prognosis in 
pT2 gastric cancer, it will be mandatory to perform adequate 
radical lymph node dissection in LADG. However, there 
was no statistical difference in the length of median follow- 
up period between both groups, and the follow-up period of 
LADG group was shorter than that of ODG group, thus 

mor recurred in 7 patients (10.4%) in the ODG group and 
in 4 patients (7.7%) in the LADG group. The 5-year surviv-
al rate of the patients with pT2 gastric cancer has been re-
ported to be 70%-80%.13,14,26 In our study, 5 year survival 
rates of 119 pT2 gastric cancer patients between the ODG 
and LADG groups were 88.6% and 91.3% (p=0.446), re-
spectively. No statistical differences in survival rates were 
observed between the two groups.

An important point is that lymph node metastasis is one 
of the most significant prognostic factors for pT2 gastric 
cancer. Some reports have documented that the N stage is 
recognized as the most important prognostic factor for pa-
tients with pT2 gastric cancer.24,27 Regarding the incidence 
of lymph node metastasis with pT2 gastric cancer, Kim, et 
al.28 reported 45.7%, and Abe, et al.29 reported 48.9%. In the 
present study, it was 47.8% (32 of 67 patients) and 36.5% 
(19 of 52 patients) for the ODG and LADG groups, respec-
tively. The reason that the incidence of lymph node metas-
tasis in our LADG series was low might be that we per-
formed the LADG in EGC-like pT2 cancers, as mentioned 
above. Some reports showed good prognosis of pT2 gastric 
cancer with negative nodal metastasis. Park, et al.26 report-
ed a 95.6% 5 year survival rate, and Abe, et al.29 indicated 
that the 10 year survival rate was 100% if deaths due to 
other causes were excluded. In present study, the 5-year 
survival rate with negative nodal metastasis of pT2 gastric 
cancer was high in both groups (ODG, 96.0%; LADG, 
97.0%; p=0.968). However, the 5-year survival rate with 
positive nodal metastasis of pT2 gastric cancer was de-
creased (ODG, 80.9%; LADG, 78.7%; p=0.868). Therefore, 

Fig. 1. Comparison of 5-year survival rate for pT2 gastric cancer between 
ODG and LADG. There was no statistically difference between both groups 
(p=0.446). ODG, open distal gastrectomy; LADG, laparoscopy-assisted dis-
tal gastrectomy.

Fig. 2. Comparison of 5-year survival rate for pT2 gastric cancer between ODG and LADG according to lymph node metastasis. The 5 year survival rates of 
negative nodal metastasis (A) between both groups were 96.0% and 97.0% (p=0.968), and those of positive nodal metastasis (B) were 80.9% and 78.7% 
(p=0.868), respectively. ODG, open distal gastrectomy; LADG, laparoscopy-assisted distal gastrectomy.
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leaving the possibility to affect the interpretation of recur-
rence rate. Therefore, longer period of follow-up for both 
groups will be needed to analyze the recurrence rate and 
survival.

The drawbacks of this study include the retrospective de-
sign of a small number of cases and the possibility of bias 
in data. In fact, the number of the patients enrolled in this 
study was too small to assert eligibility of LADG in terms 
of oncologic safety. Despite a small retrospective compari-
son series, we believe that this is an important study in es-
tablishing a basis for larger, prospective studies. Therefore, 
a prospective, randomized, controlled trial with available 
indications is essential to overcome those drawbacks. Nev-
ertheless, we cautiously propose that LADG would be a 
feasible alternative for T2 gastric cancer.  

In conclusion, the study was designed to assess the feasi-
bility of LADG for pT2 gastric cancer, and its data suggest-
ed that LADG might be an acceptable alternative for some 
of pT2 gastric cancer. Nevertheless, further clinical obser-
vations and prospective, controlled studies for advanced 
gastric cancer will be needed to elucidate the long-term ef-
fects of laparoscopy-assisted gastrectomy. 
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