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Abstract

Background Laparoscopy-assisted gastrectomy (LAG)
has been established as a low-invasive surgery for early
gastric cancer. However, it remains unknown whether it
is applicable also for advanced gastric cancer, mainly
because the long-term results of LAG with D2 lymph node
dissection for advanced gastric cancer have not been well
validated compared with open gastrectomy (OG).
Methods A retrospective cohort study was performed to
compare LAG and OG with D2 lymph node dissection. For
this study, 167 patients (66 LAG and 101 OG patients) who
underwent gastrectomy with D2 lymph node dissection for
advanced gastric cancer were reviewed. Recurrence-free
survival and overall survival time were estimated using
Kaplan—-Meier curves. Stratified log-rank statistical evalu-
ation was used to compare the difference between the LAG
and OG groups stratified by histologic type, pathologic T
status, N status, and postoperative adjuvant chemotherapy.
The adjusted Cox proportional hazards regression models
were used to calculate the hazard ratios (HRs) of LAG.
Results The 5-year recurrence-free survival rate was
89.6% in the LAG group and 75.8% in the OG group
(nonsignificant difference; stratified log-rank statistic, 3.11;
P = 0.0777). The adjusted HR of recurrence for LAG
compared with OG was 0.389 [95% confidence interval
(CI) 0.131-1.151]. The 5-year overall survival rate was
94.4% in the LAG group and 78.5% in the OG group
(nonsignificant difference; stratified log-rank statistic,
0.4817; P = 0.4877). The adjusted HR of death for LAG
compared with OG was 0.633 (95% CI 0.172-2.325).

A. Hamabe (X)) - T. Omori - K. Tanaka - T. Nishida
Department of Surgery, Osaka Police Hospital,

10-31, Kitayama-cho, Tennoji-ku, Osaka 543-0035, Japan
e-mail: f1930atsushi @hotmail.com

@ Springer

Conclusions The findings show that LAG with D2 lymph
node dissection is acceptable in terms of long-term results
for advanced gastric cancer cases and may be applicable
for advanced gastric cancer treatment.
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Laparoscopy-assisted gastrectomy (LAG) for the treatment
of gastric cancer was first performed by Kitano et al. [1] in
1991. Thereafter, laparoscopic gastrectomy for early gas-
tric cancer gradually gained acceptance, and many retro-
spective studies have demonstrated its advantages over
open gastrectomy (OG) in terms of less pain, better cos-
metic results, better postoperative respiratory function, and
faster recovery [2-6]. Some prospective studies have
shown that operative safety and the rate of postoperative
complications are comparable between LAG and OG
[7-9].

Several studies investigating the long-term results of
LAG for early gastric cancer are already available, dem-
onstrating that overall survival and recurrence-free survival
time are within acceptable limits. Based on the accumu-
lation of these short- and long-term results, LAG for early
gastric cancer has gained popularity and has been adopted
in many medical centers in recent years.

With regard to advanced gastric cancer, however, the
indication for LAG is controversial because few studies
have compared the long-term results between LAG with
D2 lymph node dissection and OG [10], although some
studies on the short-term results are already available.
Currently, standardization of the laparoscopic gastrectomy
procedure and progression in the design of surgical devices
have enabled us to practice LAG for advanced gastric
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cancer with the same confidence that we perform OG, and
we hypothesized that laparoscopic surgery for gastric
cancer had no negative effects on the long-term results in
advanced gastric cancer cases.

This study aimed primarily to show the long-term results
of LAG with D2 lymph node dissection for advanced
gastric cancer, thereby validating the possibility of
including LAG as a treatment for advanced gastric cancer.
Additionally, the technical safety and oncologic feasibility
of LAG with D2 lymph node dissection also were evalu-
ated to confirm the short-term results of this procedure.

Patients and methods

From Jan 2000 to Dec 2009, a total of 1,099 patients with
gastric cancer underwent gastrectomy at our institution
according to a review of our prospective gastric cancer
database and electronic medical records. Tumor node
metastasis (TNM) staging was based on the Japanese
Classification of Gastric Carcinoma, 2nd English edition
[11].

We identified cases to be analyzed as follows. First, we
extracted 485 patients who had undergone total or distal
gastrectomy for gastric cancer preoperatively diagnosed
clinically as T1 or T2 without distant lymph node (N3) or
distant organ metastasis (M1, HI). Of the 485 cases, gas-
trectomy with D2 lymph node dissection was performed in
360 cases (195 cases with OG and 165 with LAG). We
excluded cases with surgical findings of invasion to adja-
cent structures (SI), distant metastasis (M1, H1), positive
washing cytology (CY1), or peritonitis carcinomatosa (P1),
as well as those with other organ resection except for
gallbladder or spleen. We finally identified 101 cases in the
OG group and 66 cases in the LAG group that were
pathologically diagnosed as stages IB to IIIB and included
all of these 167 cases in this study (Fig. 1).

No patient received neoadjuvant chemotherapy or
radiotherapy. The median age of the patients was 66 years
(range, 39-88 years) in the LAG group and 65 years
(range, 28-83 years) in the OG group. The follow-up
period was 912 days (range, 26—1,827 days) in the LAG
group and 1,604 days (range, 41-3,338 days) in the OG
group.

Our guiding principle in performing lymph node dis-
section was that D2 dissection should be performed for
potentially advanced, potentially node-positive, or undif-
ferentiated histologic type gastric cancer even if the pre-
operative diagnosis is clinical TINO. A signed informed
consent was obtained preoperatively from all the patients
assigned to LAG with D2 lymph node dissection after a
sufficient explanation of the surgical and oncologic risks of
this procedure.

The preoperative systemic workup for clinical staging at
our institution consists of upper gastrointestinal endoscopy
with biopsy, contrast-enhanced computed tomography,
upper gastrointestinal radiographic contrast study, and
abdominal ultrasonography. The postoperative surveillance
schedule involves investigations every 3 months for the
first 2 years, then every 6 months for the next 3 years.
Periodic investigations consist of a physical examination,
laboratory blood examination including the tumor markers
of carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9), upper gastrointestinal endoscopy,
abdominal ultrasonography, and computed tomography.
Diagnosis of recurrence was based on imaging examination
or pathologic findings of malignancy.

Recurrence-free survival and overall survival time were
estimated using Kaplan—Meier curves. In this study, the
stratified log-rank test was used to evaluate the differences
between the LAG and OG groups, stratified by potential
confounders including histologic type, pathologic T status,
N status, and postoperative adjuvant chemotherapy. The
Cox proportional hazards regression models were used to
calculate the hazard ratios (HRs) with 95% confidence
intervals (CI) for patients who underwent LAG, with
adjustment for these four confounding factors. In addition,
surgical outcomes (operative time, blood loss, number of
dissected/metastasized lymph nodes, postoperative com-
plications) and postoperative hospital stay also were ana-
lyzed using the Pearson z* test or the Wilcoxon rank-sum
test.

Statistical analyses were performed using SAS software
(version 9.2; SAS Institute Inc., Cary, NC, USA) and JMP
software (8.0.1; SAS Institute Inc.). All values are
expressed as mean =+ standard deviation of the mean. All
P values were two-tailed, and P values less than 0.05 were
considered statistically significant.

Operative technique of laparoscopic gastrectomy

In the past, we have reported our surgical procedures of
laparoscopy-assisted distal and total gastrectomy, focused
primarily on reconstruction technique [12-14]. A summary
of the LAG procedure at our institution is described in the
following discussion.

The patient is placed on the table in a supine position
with legs spread apart. The initial port is placed via a 2-cm
infraumbilical incision made by the open method. A
pneumoperitoneum is established with carbon dioxide
insufflations at a pressure of about 8 mmHg. Four addi-
tional ports are inserted, and the operation is continued
using the five-port technique. Lymph nodes in stations no.
7, 8,9, 10, 11p, 11d, 12a, and 14v are resected by D2
lymph node dissection in addition to D1 dissection
depending on tumor location [11].
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Fig. 1 Treatment and inclusion
of patients in the analysis
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OG with D2 dissection
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LAG with D2 dissection
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8 with surgically SI, CY1
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|| 4 with surgically CY1
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In performing LAG with D2 lymph node dissection, we
routinely make it a practice to check each anatomic land-
mark. In station no. 8 dissection, the common hepatic
artery and the bifurcation of the proper hepatic artery and
the gastroduodenal artery are exposed along the plane of
the periarterial plexus. Next to this exposure, the lymph
nodes are dissected from the retroperitoneum. After the no.
8 dissection, the left gastric artery is cut, and stations no. 7
and 9 lymph nodes are successively dissected from the
periarterial plexus.

In the station no. 12a dissection, the supraduodenal
artery and the right gastric artery are cut, and the proper
hepatic artery is skeletonized to the line on which the left
edge of the portal vein can be seen. In station no. 11p
dissection, lymph nodes are dissected to the dorsal plane on
which the splenic vein or pancreas can be identified.

@ Springer
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66

In station no. 11d dissection, the posterior gastric artery is
sacrificed, and lymph nodes located between the splenic
artery and vein are cleared. In station no. 10 dissection, the
lymph nodes are dissected from the medial to the lateral
side. To avoid surgery-related complications, we do not use
combined splenectomy routinely, but only when cancer
cells are likely to metastasize to station no. 10. In such
cases, a clinically advanced tumor localizes mainly on the
side of the greater curvature of the upper stomach [15, 16].

In station no. 14v dissection, lymph nodes bounded by
the inferior edge of the pancreatic head and the anterior
plane of the superior mesenteric vein are dissected after
exposure of the root of the middle colic vein and gastro-
colic trunk. In station no. 6 dissection, the right gastroep-
iploic vein is divided just distal to the bifurcation of the
superior anterior pancreaticoduodenal vein.
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In the beginning, a Billroth I reconstruction of laparos-
copy-assisted distal gastrectomy (LADG) was performed
via a 4-cm epigastric minilaparotomy retracted using a
wound-sealing device (Alexis Wound Retractor; Applied
Medical, Rancho Santa Margarita, CA, USA). However,
since 2005, a 2.5 to 4-cm minilaparotomy has been per-
formed by extending the umbilical incision, and gastro-
duodenostomy has been made via the umbilical
laparotomy, as we reported previously [12]. In a similar
fashion, Roux-en-Y reconstruction is performed via the
umbilical laparotomy [13]. As for laparoscopy-assisted
total gastrectomy (LATG), esophagojejunostomy is made
by the efficient-purse string stapling technique, which was
our original technique [14].

Results
Patient, tumor, and treatment characteristics

Patient, tumor, and treatment characteristics are summa-
rized in Table 1. No significant differences could be
observed in patient backgrounds, including age and gender.
The OG group had significantly more cases with clinically
advanced T status than the LAG group (P = 0.0413),
although the pathologic T statuses were comparable
(P = 0.2707). Other pathologic findings, histologic types,
N statuses, and main locations of tumors also were com-
parable between the two groups.

The average tumor diameter was significantly greater in
the OG group than in the LAG group (P = 0.0185). The
number of distal/total gastrectomy cases was 45/21 in the
LAG group and 66/35 in the OG group (nonsignificant
difference; P = 0.7399). Roux-en-Y and Billroth II recon-
struction were performed more frequently in the LAG group
than in the OG group compared with Billroth I recon-
struction (P = 0.0042). Gastrectomy with combined cho-
lecystectomy was performed significantly more often in the
OG group than in the LAG group (P = 0.0293), whereas
the frequency of gastrectomy with combined splenectomy
was similar in the two groups (P = 0.1650). No significant
difference could be seen in the number of patients who
received adjuvant chemotherapy (P = 0.5265).

Comparison of long-term results between LAG and OG

Of the 167 identified patients, 66 were treated with LAG
and 101 were treated with OG. The 5-year recurrence-free
survival rate was 89.6% in the LAG group and 75.8% in
the OG group (Fig. 2). The recurrence-free survival time
did not differ significantly between the two groups (strat-
ified log-rank statistic, 3.11; P = 0.0777). Four cases with
recurrence of peritonitis carcinomatosa were observed in

Table 1 Patient, tumor, and treatment characteristics of patients with
gastric cancer

Variable LAG (n = 66) OG (n = 101)
Mean age (years) 66.3 64.2
Gender (n)

Male 47 70

Female 19 31
Tumor location (n)

Upper 17 24

Middle 28 40

Lower 21 37
Mean tumor size (mm) 35.4 40.5
Clinical T status (n)

Tl 21 18

T2 45 83
Type of surgery (n)

Total gastrectomy 21 35

Distal gastrectomy 45 66
Reconstruction (1)

Billroth T 23 59

Billroth 11 0 2

Roux-en-Y 43 40
Combined cholecystectomy (n)

Yes 10 5

No 56 96
Combined splenectomy (1)

Yes 3 12

No 63 89
Histologic type (1)

Differentiated 33 56

Undifferentiated 33 45
Pathologic T status (n)

<MP 34 43

>SS 32 58
Pathologic N status ()

Negative 24 27

Positive 42 74
Adjuvant chemotherapy (n)

Yes 26 45

No 40 56

MP muscularis propria, SS subserosa

the LAG group, but no local recurrence was observed. In
the OG group, 22 cases with recurrence were observed
including 9 liver metastases, 6 lymph node recurrences, 2
peritonitis carcinomatosa cases, 1 bone metastasis, 1 lung
metastasis, 1 carcinomatous lymphangiosis, 1 carcinoma-
tous pleuritis, and 1 local recurrence.

The 5-year overall survival rate was 94.4% in the LAG
group and 78.5% in the OG group (Fig. 3). No significant
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Fig. 2 Kaplan—-Meier recurrence-free survival curves of patients
undergoing laparoscopy-assisted gastrectomy (LAG) or open gastrec-
tomy (OG) for advanced gastric cancer. The two groups did not differ
significantly (stratified log-rank statistic, 3.11; P = 0.0777)
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Fig. 3 Kaplan—-Meier overall survival curves of patients undergoing
laparoscopy-assisted gastrectomy (LAG) or open gastrectomy (OG)
for advanced gastric cancer. The two groups did not differ signifi-
cantly (stratified log—rank statistic, 0.4817; P = 0.4877)

difference was observed in overall survival time between the
two groups (stratified log-rank test, 0.4817; P = 0.4877).

In the Cox proportional hazards regression models,
adjusted for histologic type, pathologic T status, N status,
and postoperative adjuvant chemotherapy, LAG and OG
showed comparable HRs for gastric cancer recurrence and
death. Tables 2 and 3 show that the adjusted HR was 0.389
(95% CI 0.131-1.151) for recurrence and 0.633 (95% CI
0.172-2.325) for death in the LAG group.

Comparison of surgical outcomes

The surgical outcomes for LAG and OG also were analyzed.
In terms of operative indexes, LAG required a significantly

@ Springer

Table 2 Surgical approach and hazard ratios (HRs) of gastric cancer
recurrence among the patients at the authors’ institution

Surgical Recurrences 5-Year recurrence- Adjusted HR
approach free survival rate (%) (95% CI)
0G 22 75.8 1 (referent)
(n = 101)
LAG 4 89.6 0.389
(n = 66) (0.131-1.151)

Adjusted for histologic type (differentiated, undifferentiated), patho-
logic T stage (<MP, >SS), N stage (N+, N-), and postoperative
adjuvant chemotherapy (yes, no)

CI confidence interval, OG open gastrectomy, LAG laparoscopic
gastrectomy

Table 3 Surgical approach and hazard ratios (HRs) of gastric cancer
death among the patients at the authors’ institution

Surgical Recurrences 5-Year recurrence- Adjusted HR
approach free survival rate (%) (95% CI)
oG 19 78.5 1 (referent)
(n = 101)
LAG 3 94.4 0.633
(n = 66) (0.172-2.325)

Adjusted for histologic type (differentiated, undifferentiated), patho-
logic T stage (<MP, >SS), N stage (N4, N-) and postoperative
adjuvant chemotherapy (yes, no)

CI confidence interval, OG open gastrectomy, LAG laparoscopic
gastrectomy

longer operative time than OG (283.1 &+ 57.5 vs.
225.9 £ 58.2 min; P < 0.0001). The estimated blood loss
was significantly less in the LAG group (158.3 £ 249.8 ml)
than in the OG group (356.3 &+ 241.1 ml) (P < 0.0001).

No conversion to laparotomy was registered in the LAG
group. The total number of harvested lymph nodes was
63.7 £ 26.4 in the LAG group and 44.0 &+ 18.9 in the OG
group (P < 0.0001). The number of metastasized lymph
nodes was similar in the two groups (3.67 £ 6.47 vs.
2.77 + 3.61; P = 0.6586).

Postoperative complications occurred for 16 LAG
patients (24.2%) and for 23 OG patients (22.8%) (P =
0.8262). The complications in the LAG group included one
pancreatic fistula, two ileuses, one leakage from the duo-
denal stump, two intraabdominal abscesses, and three ste-
noses. In the OG group, we recorded one pancreatic fistula,
two ileuses, four anastomotic leakages, four intraabdomi-
nal abscesses, and two stenoses. The two groups did not
differ significantly. The postoperative hospital stay was
19.8 + 18.4 days in the LAG group and 23.5 &+ 15.6 days
in the OG group (P < 0.0001).
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Discussion

Laparoscopy-assisted gastrectomy for gastric cancers has
been used more widely in many medical centers since
Kitano et al. [1] first performed LADG with Billroth I
reconstruction for early gastric cancer in 1991. The LAG
approach attracts an increasing number of patients and
surgeons because of its expected low invasiveness and
good cosmesis [7] despite its association with some unre-
solved oncologic problems.

Several prospective trials, including randomized con-
trolled trials, have already shown postoperative advantages
of LAG for the treatment of early gastric cancer such as
postoperative earlier recovery of bowel movement and
ambulation, less incisional pain, better postoperative pul-
monary function, a lower rate of pulmonary complications,
and fewer intraoperative complications [7-9, 17, 18]. Katai
et al. [9] reported the acceptable data for postoperative
complications including anastomotic leakage or pancreatic
fistula of LADG with D1 plus suprapancreatic node dis-
section for clinical stage I gastric cancer in a multicenter,
prospective trial. Recently, some retrospective studies have
shown that the long-term results of LAG were acceptable
in the management of early gastric cancer [19-21]. Based
on these evidences, LAG has been recognized as an
acceptable treatment for early gastric cancer.

For the treatment of advanced gastric cancer, however,
LAG has not been established as the surgical procedure of
choice. From the standpoint of advanced gastric cancer cur-
ability, gastrectomy with D2 lymph node dissection is
required according to the Japanese Gastric Cancer Associa-
tion (JGCA) guidelines [10, 22-24], but performing this
operation by laparoscopic surgery requires a highly advanced
technique. Some surgeons with prominent techniques have
already practiced LAG with D2 lymph node dissection [25,
26]. Since Jan 2001, when we started performing LAG for
early gastric cancer at our institution, we also have gradually
extended the indication for LAG to advanced gastric cancer
graded clinically as T2N1, which requires D2 lymph node
dissection according to the JGCA guidelines [27].

Several publications have already described the short-
term results of LAG with D2 dissection as equivalent to
those of OG, and we similarly have observed less intra-
operative blood loss and a longer operative time. The data
in our study are comparable with other published data for
advanced gastric cancer including intraoperative blood loss
(range, 96.5-333.3 ml with LAG versus 215-440.6 ml
with OG) and operative time (range, 252-282.84 min with
LAG vs 180-267.8 min with OG) [3, 5, 6, 10, 28]. Careful
manipulation enabled by the magnified vision of the lapa-
roscope and the hemostatic effect of pneumoperitoneum
induced by carbon dioxide insufflations supposedly con-
tribute to lower blood loss [29].

Some publications have reported the number of
retrieved lymph nodes in LAG with D2 dissection as
similar to that in OG with D2 dissection [3, 10, 28],
including the number of group 2 lymph nodes, according to
subset analysis [30]. The number of lymph nodes in our
analysis also showed that LAG could produce satisfactory
lymph node dissection, suggesting that oncologically
appropriate D2 lymph node dissection could be carried out
with laparoscopic surgery.

We observed that the postoperative complications were
comparable between LAG and OG, including anastomotic
leakage and pancreatic fistula. We observed a shorter
postoperative hospital stay in the LAG group than in the
OG group, but we cannot simply accept this result as evi-
dence that the postoperative recovery from surgery was
faster with LAG because the historical backgrounds of the
two groups were different. We believe that the postopera-
tive recovery was possibly superior with LAG, but this
assumption should be validated in a prospective random-
ized trial. We attribute the relatively long hospital stays in
both groups to the difference between Japan’s medical
insurance system and that of other countries. In fact, a
publication from Japan also reported postoperative hospital
stays similar to ours (16.7 £ 5.6 days with LADG versus
21 £ 11.4 days with ODG) [3].

For early gastric cancer, comparison of long-term results
between LADG and ODG demonstrated that LADG was a
feasible approach [19]. With regard to the long-term results
of LAG for advanced gastric cancer, some retrospective
reports on overall survival and recurrence-free survival time
also have been published, but most of these reports involved
only one-arm studies or analyzed the long-term results
coupled with those for early gastric cancer. [10, 31-34].

One randomized prospective trial evaluated the long-
term results of LADG for the treatment of advanced gastric
cancer. In this trial, Huscher et al. [18] showed the 5-year
overall survival and the 5-year recurrence-free survival
time, concluding that LADG was a feasible and safe
alternative to OG, but this study contains some problems
including high-mortality and morbidity rates and different
lymph node stations dissected compared with those indi-
cated by JGCA. We cannot directly interpret this result as
indicating that LAG is applicable for advanced gastric
cancer.

In our retrospective cohort study, the long-term results
did not differ significantly between LAG and OG performed
for advanced gastric cancer. Our analysis is novel in that it
is the first comparative study investigating the long-term
results of LADG and LATG for advanced gastric cancer. In
addition, our analysis also is valuable because it included so
many cases performed using LAG with D2 dissection
compared with the published studies mentioned earlier. We
found no significant difference in recurrence-free survival
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and overall survival time between the LAG and OG groups,
and these results suggest noninferiority of the long-term
results for LAG compared with those for OG.

Nevertheless, this study had several limitations. First,
although the analyses for HRs were calculated after
adjustment for potential confounders, there could have
been residual confounding because the historical back-
ground of the two procedures differed. The frequency of
LAG was increasing during the entire time of the study,
whereas the frequency of OG was decreasing. Therefore,
during the analyzed period, OG was performed mainly in
the early period and LAG in the late period. More pre-
cisely, S-1, of which drastic efficacy in adjuvant settings
had been elucidated for East Asian gastric cancer patients
in 2007 [35], was more frequently used for patients in the
latter group than for patients in the former group, although
the frequency of adjuvant therapy appeared to be very
similar in the two groups.

Second, the postoperative follow-up period was shorter
in the LAG group, so recurrence or death in this group may
not have been observed during the time of analysis (Figs. 2
and 3).

Third, other possible prognostic factors (e.g., tumor size, a
possible prognostic factor next to T stage, which was larger
in the OG group than in the LAG group) might still exist even
after adjustment for histology, pathologic T and N stages,
and postoperative adjuvant chemotherapy. These circum-
stances made it difficult to understand easily the long-term
results in this study and to draw definitive conclusions.

In conclusion, our analysis demonstrated that LAG
accompanied by D2 lymph node dissection for advanced
gastric cancer provided an acceptable prognosis. This result
indicates that LAG with D2 lymph node dissection per-
formed by a medical team skilled in laparoscopic surgery
could be applicable for the treatment of advanced gastric
cancer. However, randomized controlled trials comparing
LAG and OG are required to elucidate the actual influence
of LAG on the long-term results.
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