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Abstract

Background Although many reports have indicated the
feasibility of laparoscopic gastrectomy (LG) regarding
short-term surgical outcomes, the role of LG remains
controversial because studies of long-term outcomes of LG
are insufficient. The purpose of this study was to evaluate
the long-term oncologic outcomes of patients who have
undergone LG.

Methods Between May 2003 and December 2009, 714
consecutive patients underwent LG for gastric cancer.
After excluding operative mortality (n = 4) and a case of
Krukenberg tumor that was not identified at the time of
surgery (n = 1), a total of 709 patients were analyzed for
long-term oncologic outcomes. Gastric cancer cases were
analyzed according to the American Joint Committee on
Cancer classification (seventh edition). Overall survival
and relapse-free survival were estimated by using the
Kaplan-Meier method.

Results Median follow-up was 46.2 months. Postopera-
tive recurrence was observed in 26 patients (3.7%). The
instances of recurrence were as follows: seven peritoneal,
six locoregional, five hematogenous, four distant lymph
nodes, and four mixed recurrence. There were neither port-
site nor wound site metastases. The S-year relapse-free
survival rates were: 95.8% in stage I, 83.4% in stage II, and

K. H. Pak - W. J. Hyung (<) - T. Son - K. Obama - Y. Woo -
H.-I. Kim - J. Y. An - J. W. Kim - J.-H. Cheong -

S. H. Choi - S. H. Noh

Department of Surgery, Yonsei University College of Medicine,
134 Shinchon-dong, Seodaemun-gu, 120-752 Seoul, Korea
e-mail: wjhyung@yuhs.ac

W. J. Hyung - J.-H. Cheong - S. H. Choi - S. H. Noh

Brain Korea 21 Project for Medical Science, Yonsei University
College of Medicine, Seoul, Korea

@ Springer

46.4% in stage III. Five-year overall survival rates were:
96.4% in stage 1, 83.1% in stage II, and 50.2% in stage III.
The independent risk factors for recurrence were T stage
and N stage. For survival, age, T stage, and N stage were
statistically independent prognostic factors

Conclusions Our single-center study of a large patient
series revealed that LG for gastric cancer had acceptable
long-term oncologic outcomes comparable to those of
conventional open surgery.

Keywords Laparoscopic gastrectomy - Long-term
outcomes - Recurrence - Overall survival

Gastric cancer is one of the most common causes of can-
cer-related death in the world [1]. In Korea and Japan, the
early detection of gastric cancer has increased because of
widespread screening and regular personal check-ups.
Because more than 90% of patients with early gastric
cancer (EGC) are cured by surgery alone, improving the
postoperative quality of life of patients while maintaining
long-term survival is a growing concern among surgeons.

The laparoscopic approach is rapidly becoming the
preferred method of treatment for patients with EGC due to
the many advantages of minimally invasive surgery [2].
Several studies have already demonstrated that surgeons
can safely perform laparoscopic gastrectomy (LG) and that
these patients had less postoperative pain, faster recovery,
shorter hospital stay, and better quality of life than those
who underwent conventional open surgery [3-5]. Accord-
ingly, LG has become an attractive treatment option for
patients with EGC and a potential treatment option for
advanced gastric cancer [6—8]. However, the role of LG
remains controversial [9-12], because studies of the long-
term outcomes of LG are insufficient [13, 14].
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Therefore, the purpose of this study was to evaluate the
long-term oncologic outcomes of patients who underwent
LG, focusing on postoperative recurrence and survival
rates.
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Fig. 1 Annual number of use of laparoscopic gastrectomies
performed

Methods
Patients

Between May 2003 and December 2009, 714 consecutive
patients who underwent LG with lymph node dissection for
gastric cancer at Yonsei University Severance Hospital,
Seoul, Korea were included in this study (Fig. 1). After
excluding instances of operative mortality (n = 4) and one
Krukenberg tumor that was not identified at the time of
surgery (n = 1), 709 patients were analyzed for long-term
oncologic outcomes (Fig. 2).

Patient demographics, comorbidities, and data on surgery,
pre-, and postoperative monitoring, including complications
and length of hospital stay, were recorded in the database.
The data from these patients were prospectively collected
and retrospectively analyzed. We used clinical and patho-
logic staging according to the American Joint Committee on
Cancer (seventh edition) TNM classification. This study was
approved by the Institutional Review Board of Yonsei Uni-
versity Severance Hospital, and written informed consent for
surgery was obtained at the time of operation.

Indications and surgical procedures

Preoperative diagnosis was performed using endoscopy,
endoscopic ultrasonography, and computed tomography.

Patients who underwent
Laparoscopic gastrectomy

(n=714) Exclusion for long-term analysis
T (n=5)
[
Patient analyzed Operative mortality (n=4)
(n=709) Stage IV atinitial (n=1)
I
| ]
. Dead
Alive .
(n=669) (n=40)
| |
Follow-up loss N:f%vi:’;r;cee Recurrence Recurrence Other cause unknown
(n=20) (n=640) (n=9) (n=17) (n=20) (n=3)
Peritoneal Loco-regional ||Hematogenous|| Distant lymph node Mixed
(n=7) (n=6) (n=5) (n=4) (n=4)
Other cancer Ne[t)lirsc::g;cal Pneumonia || Old age Strangulation with sepsis Chf;?;:h:rpy Cilr-rit‘::;is Accident
(n=5) (n=4) (n=3) (n=3) (n=2) (n=1) n=1) (n=1)

Fig. 2 Flowchart showing the study cohort and follow-up results of the 714 patients
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Through preoperative or intraoperative findings, when the
tumor was confined to the mucosa or submucosa of a
gastric wall, it was indicated for surgery in the initial
period. As experience accumulated, the indication was
expanded to include tumors not involving serosa with
lymph node involvement limited to perigastric lymph node
based on the preoperative clinical staging workup.

During extracorporeal anastomosis, the location of the
tumor was identified by palpation of the clips applied
endoscopically the day before the operation. When we
perform intracorporeal anastomosis or intraoperative
localization is needed, we added a procedure of laparo-
scopic ultrasound or portable plain radiography to detect
the clips applied endoscopically [14, 15].

The surgical procedures were described previously in
detail as follows: 1) total or subtotal gastrectomy was
performed, according to location; 2) D1 + o (dissection of
group 1 and number 7 lymph node), D1 + f (dissection of
group 1 and number 7, 8a, and 9 lymph nodes), or D2
lymphadenectomy (dissection of all group 1 and group 2
lymph nodes) was performed according to the rules of the
Japanese Research Society for Gastric Cancer [16-20].

Follow-up, categorization of recurrence pattern,
and survival

All patients were monitored postoperatively by physical
examination and laboratory tests, including those for tumor
markers (such as carcinoembryonic antigen and CA 19-9),
every 3 months for the first 2 years, every 6 months for the
next 3 years, and then annually. In addition, examinations,
including chest radiography, abdominopelvic CT, and
endoscopy, were performed at least once a year. If neces-
sary, further evaluation, such as positron emission tomog-
raphy or magnetic resonance imaging, was initiated to
better clarify a recurrence. Adjuvant chemotherapy with
5-fluorouracil (5-FU)-based regimens (mostly 5-FU with
cisplatin) was recommended to all eligible patients except
those with stage Ia and Ib cancer.

Recurrence patterns were classified into five categories
at the time of diagnosis: hematogenous, peritoneal, loco-
regional, distant lymph node, and mixed recurrence.
Hematogenous recurrences included tumors in other distant
sites, such as liver, lung, bone, and brain. Peritoneal
recurrences included peritoneal seedlings or Krukenberg’s
tumors. Locoregional recurrences included tumors in
adjacent organs, namely, remnant stomach, anastomoses,
duodenal stumps, and regional lymph nodes (perigastric,
left gastric, common hepatic, celiac, hepatoduodenal, ret-
ropancreatic, and mesenteric). Recurrences in distant
lymph nodes were defined as extra-abdominal or para-
aortic lymph nodes. When patients had more than one other
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recurrence at the time of diagnosis, they were categorized
as having a mixed recurrence.

All patients were observed until death or the last follow-
up date of December 31, 2010, whichever occurred first.
However, 20 patients were not followed up to that time.
The median period of follow-up was 46 (range, 3-92.8)
months.

Statistical analysis

Overall survival (OS) and relapse-free survival (RFS) were
estimated using the Kaplan-Meier method. OS was calcu-
lated from the day of surgery until death or until the end of
follow-up. Relapse-free survival was calculated from the
day of surgery to the day of recurrence or death. To
identify the independent risk factors for recurrence, binary
logistic regression was used. Multivariate analyses for
survival were conducted using Cox’s proportional hazard
model. P < 0.05 (two-sided) was considered statistically
significant. All statistics analyses were performed using the
Statistical Package for the Social Sciences (SPSS®) version
18.0 for Windows (SPSS, Inc., Chicago, IL).

Results
Perioperative characteristics and pathologic features

Table 1 shows the clinical characteristics and pathologic
features of the 714 patients after LG. Systemic lymph node
dissection (D1 + f or D2: 98.2%) was mostly performed.
The median number of retrieved lymph nodes was 36
(range, 5-97). We performed an RO resection in 708
patients (99.2%). Most patients had T1 (79.2%), NO
(83.2%), and stage I cancer (84.6%). Approximately 20%
of patients had advanced gastric cancer (tumor invasion
over the proper muscular layer).

Long-term oncologic outcomes: recurrence and relapse-
free survival

Postoperative recurrence occurred in 26 patients (3.7%).
The recurrence pattern included peritoneal (7 cases, 27%),
locoregional (6 cases, 23%), hematogenous (5 cases, 19%),
distant lymph node (4 cases, 15%), and mixed recurrences
(4 cases, 15%; Fig. 2). Among locoregional recurrences,
five cases were recurrence in remnant stomach, and one
case was a peripancreatic lymph node recurrence. The
median RFS was 34.9 (range, 2.5-86.6) months. The
median RFS among patients who had postoperative
recurrence was 14 (range, 3-64.6) months. Most of the
recurrences occurred within 36 months (88.5%). Accord-
ing to stage, the 5-year RFS rates were 95.8%, 83.4%, and
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Table 1 Clinical characteristics
and pathologic features of 714

Number of patients (%)

patients who underwent LG Age (yr)*

Gender (male:female)

Tumor location (upper:middle:lower)

Type of operation (STG:TG)"

Extent of LN dissection (D1 + o:D1 + f:D2)

Curative rate (RO:R1)

. a
LG laparoscopic gastrectomy, Tumor size (mm)

STG subtotal gastrectomy,
TG total gastrectomy

No. of retrieved lymph nodes®

* Median values (range)
expressed

T stage (T1:T2:T3:T4)
N stage (NO:N1:N2:N3)

b .
Includes two completion total TNM stage (LILIILIV)

gastrectomies

Histology (differentiated: undifferentiated)

62 (26-88)

442 (62):272 (38)

81 (11.3):182 (25.5):450 (63)

582 (81.5):132 (18.5)

3 (0.4):400 (56):311 (43.6)

708 (99.2):6 (0.8)

25 (2-120)

36 (5-97)

366 (51.3):348 (48.7)

566 (79.2):87 (12.2):27 (3.8):4 (4.8)
594 (83.2):59 (8.3):43 (6):18 (2.5)
604 (84.6):79 (11.1):30 (4.2):1 (0.1)

46.4% for stage I, stage II, and stage III, respectively
(Fig. 3A). The patients who had advanced gastric cancer
showed had 5-year RFS rates of: 88.9% in T2, 77.7% in
T3, and 66.9% in T4.

Patient’s long-term oncologic outcomes: the cause
of death and OS

A total of 40 patients were dead at the time of analysis. The
causes of death were 17 postoperative recurrences (42.5%),
20 deaths due to other causes (50%), and 3 deaths due to
unknown cause (7.5%). Causes of death other than gastric
cancer were: 5 other cancers, 4 neurological disease, 3
pneumonia, 3 old age, 2 strangulation with sepsis, 1 liver
cirrhosis, 1 chemotherapy-related complication, and 1
accidental drowning (Fig. 2). The 5-year OS rates were
96.4% in stage I, 83.1% in stage II, and 50.2% in stage III
(Fig. 3B). The patients who had advanced gastric cancer
had 5-year OSs of 89.6% in T2, 76.9% in T3, and 69.9% in
T4.

Multivariate analyses of risk factors for recurrence
and survival

Tables 2 and 3 show multivariate analyses of risk factors
for recurrence and survival. T stage and N stage were
independent risk factors for recurrence. Regarding survival,
age, T stage, and N stage were statistically independent
prognostic factors.

Discussion

According to our results of the rate of curative resection
and the number of retrieved lymph nodes, LG has been
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Fig. 3 Curves showing relapse-free survival (A) and overall survival
(B) after laparoscopic gastrectomies
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Table 2 Multivariate analyses
of risk factors for recurrence

after laparoscopic gastrectomy

HR hazard ratio, CI confidence
interval

Table 3 Multivariate analyses
of risk factors for survival after

laparoscopic gastrectomy

HR (95% CI) P
Age (<60 years vs. >60 years) 1.287 (0.499-3.321) 0.602
Sex (male vs. female) 0.825 (0.333-2.043) 0.677
Extent of resection (subtotal vs. total) 0.255 (0.056-1.166) 0.078
Extent of lymph node dissection (D1 + f vs. D2) 1.782 (0.746-4.253) 0.193
Size (<25 mm vs. >25 mm) 1.07 (0.421-2.717) 0.887
Differentiation (differentiated vs. undifferentiated) 0.998 (0.389-2.557) 0.996
T stage (1 vs. 2,3,4) 2.593 (1.003-6.705) 0.049
N stage (0 vs. 1,2,3) 13.435 (4.828-37.39) <0.001

HR (95% CI) P
Age (<60 years vs. >60 years) 2.86 (1.265-6.463) 0.012
Sex (male vs. female) 0.522 (0.25-1.09) 0.084
Extent of resection (subtotal vs. total) 0.578 (0.224-1.493) 0.258

Extent of lymph node dissection (D1 + f vs. D2)

Size (<25 mm vs. >25 mm)

Differentiation (differentiated vs. undifferentiated)

T stage (1 vs. 2,3,4)

HR hazard ratio, CI confidence N stage (0 vs. 1,2,3)

interval

1.19 (0.632-2.238) 0.59
1.512 (0.751-3.044) 0.247
0.943 (0.478-1.859) 0.865
2.572 (1.257-5.262) 0.01
3.779 (1.86-7.679) <0.001

performed with sound oncologic principles. This study
revealed that long-term outcomes of LG were comparable
with those of conventional open gastrectomy. The risk
factors for recurrence and survival with LG were not dif-
ferent from those of conventional open surgery.

In particular, three major concerns of the long-term
oncologic outcomes of LG exist. The first is the issue of
potential peritoneal recurrence or port-site metastasis
caused by insufflated gas to form a pneumoperitoneum
[9, 11]. The second is the possible locoregional recurrence
due to inadequate lymph node dissection [12]. The third is
insufficient data on long-term results after LG.

Herein, we addressed these three major concerns with
our experience of LG. First, there were neither port-site
metastases nor wound recurrences. Peritoneal recurrence
occurred in 7 of 709 patients (1%). Even regarding T4a
lesions (serosa exposed), peritoneal recurrence occurred in
only 2 of 34 patients (5.9%). The peritoneal recurrence rate
of LG was similar as that for conventional open gastrec-
tomy, even for advanced gastric cancer [21]. Second, we
can support the adequacy of laparoscopic lymph node
dissection with the median number of retrieved lymph
nodes of 36 per patient, which is comparable to that of
open surgeries. Recurrence in regional lymph nodes was
noted in only one patient (0.1%).

The recurrences in remnant stomach among locore-
gional recurrences in our study were high compared with
other studies. However, the recurrence rate in remnant
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stomach was 0.7% (5/714), which is not high compared
with other studies [16, 22-24]. We are not sure whether the
high proportion of remnant stomach recurrence among
locoregional recurrences in our study is related to difficulty
in tumor localization or if it comes from less recurrences in
regional lymph nodes or in the gastric bed. Actually, all
patients (n = 5) who had recurrence in remnant stomach
showed the margin of resection was not involved by cancer
microscopically and macroscopically. Among them, two
recurrences occurred far from anastomotic area detected 2
and 5.4 years after the operation, respectively. Both of
these recurrences were early gastric cancer located far from
the site of anastomosis. These lesions might have been
missed at the time of initial diagnosis or metachronous
cancers. The other three recurrences developed in the
anastomotic area, although initial proximal margins were
microscopically negative. The lengths of resection margin
in these patients were 20, 25, and 25 mm from the tumor,
respectively. These three recurrences might have been
prevented if wider resection margins were obtained at the
operation.

Thus, the rate of local failure after LG was satisfactory
and comparable to that of open surgery [22-24]. Because
the majority of recurrences occur within 3 years of oper-
ation [25], the median follow-up duration of this study
(46.2 months) is sufficient to evaluate long-term outcomes.
Although extended follow-up to determine late recurrence
is still needed to detect late recurrence, we found that
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88.5% of recurrences were detected within 3 years of
operation, which was similar to that for open surgery [25-
217].

As the experience of LG for EGC has been accumulated,
some centers have attempted to expand the indication of
LG to advanced gastric cancer, and a few studies [7, 8, 28,
29] reported comparable results between LG and open
gastrectomy regarding advanced gastric cancer. We already
demonstrated the acceptable long-term outcomes of LG for
lymph node-positive EGC [17]. This study also revealed
that the RFS and OS rates after LG were comparable with
those after conventional open surgery for advanced gastric
cancer [26]. Among 148 patients with AGC, 21% and 40%
of patients with AGC were followed up less than
24 months and 36 months, respectively. Thus, more
recurrences can be detected if we observe our patients
longer especially those who received their operations in
recent years. However, as reported in many papers, the
majority of recurrences after gastrectomy are observed
within 3 years. The median follow-up duration of
39 months for AGC group in our study is adequate to
assess recurrence, although it is not enough to detect all
recurrences.

Our study has some limitations. These findings are
limited by the retrospective nature of the analyses, single-
center experience, lack of comparative data with open
surgery, and the selection bias of applying LG to preop-
eratively diagnosed relative early-stage cancer. Despite
these limitations, the rate of follow-up loss in this study
was only 2.8%, and the pattern of recurrences and the
causes of death were thoroughly investigated. Therefore,
our study is not only based on a well-followed and accurate
database but also is one of the largest series of single-
institution experience regarding the long-term oncologic
outcomes of LG. However, solid conclusions for long-term
outcomes of LG should be drawn from multicenter, ran-
domized, controlled trials, such as the KLASS trial of
Korea [2]. Although the KLASS trial already reported
satisfactory short-term results of LG for EGC [2], we are
awaiting long-term results to indicate the definite role of
LG. In addition, a multicenter, prospective, randomized,
controlled trial also is needed to confirm the usefulness of
laparoscopic surgery as an alternative method to open
surgery for advanced gastric cancer (JLSSG0901: Adv.GC-
LAP/OPEN, PII/III).
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