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A B S T R A C T

Background: To date, it has been unclear whether laparoscopic gastrectomy (LG) is suitable for patients with
serosa-positive (pT4a) gastric cancer. The purpose of this study was to compare the surgical and long-term
oncologic outcomes of LG and open gastrectomy for pT4a gastric cancer.
Methods: We prospectively collected data from 987 patients with pathological confirmed pT4a gastric cancer
who underwent LG or OG at our institution between June 2009 and May 2015. A 1:1 matched propensity score
matching (PSM) analysis was performed to reduce confounding bias. The primary outcome was 5-year overall
survival (OS).
Results: After PSM, a well-balanced cohort of 202 pairs patients was analyzed. The LG group showed a longer
operation time (261.42 vs. 171.00min, P=0.001), less blood loss (185.47 vs. 217.84ml, P=0.000), and
shorter postoperative hospital stay (7.56 vs. 8.22 days, P=0.007). The overall complication rate was 14.4% in
the LG group and 16.3% in the OG group (P=0.581). The minor (grade II) and severe (grade≥ IIIa) compli-
cation rates were similar (LG, 6.9% vs. OG, 9.9%, P= 0.282; LG, 7.4% vs. OG, 6.4%, P= 0.695, respectively).
The LG and OG groups showed similar survival 5-year OS and 5-year Disease-free survival (DFS) rates (44.6% vs.
42.1%, P=0.403; 40.1 vs. 37.6%, P=0.321, respectively). The recurrence rate and pattern did not differ
between the two groups during the follow-up stage (P > 0.05).
Conclusions: For patients with pT4a gastric cancer, LG with D2 lymph node dissection can be a safe and feasible
procedure in terms of surgical and long-term oncologic outcomes.

1. Introduction

Laparoscopic gastrectomy (LG) has been increasingly performed
since it was first reported in 1994 by Kitano et al. [1]. Based on the
experience accumulation of LG for EGC, some experienced surgeons in
high-volume centers have applied the laparoscopic procedure for pa-
tients with locally advanced gastric cancer (AGC). Recently, several
multicenter RCTs have reported LG is a safe and feasible surgical pro-
cedure for AGC in terms of short-term outcomes [2–4]. In china, more
than 80% of the gastric patients are diagnosed at advanced stages and
cases with serosa-positive (pT4a) gastric cancer account a large pro-
portion. To date, it is still remains unclear whether the LG is applicable
for pT4a gastric cancer under the consideration of increased peritoneal
and port-site recurrences resulting from malignant cell dissemination
[5–7]. In addition, pT4a gastric cancer patients are always associated

with large tumor size and lymph nodes metastasis, and radical surgery
requires gastrectomy with extended lymphadenectomy [8]. For these
cases, LG with D2 lymph dissection still remains a challenging proce-
dure because of its technical difficulties and possible complications. To
date, the surgical and long-term oncologic outcomes of LG for pT4a
gastric cancer have been seldom reported.

Therefore, in this study, we compare the surgical and long-term
oncologic outcomes of LG and OG with D2 lymph node dissection for
pT4a gastric cancer.

2. Materials and methods

2.1. Patients

We selected patients who underwent LG and OG at our center from
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June 2009 to May 2015 in prospectively maintained gastric cancer
database. Pathologic staging were updated according to the 8th Union
for International Cancer Control (UICC)/American Joint Committee on
Cancer (AJCC) staging system of gastric cancer [9]. The inclusion cri-
teria were as follows: histologically proven adenocarcinoma; patholo-
gical examination confirmed in T4a stage; age between 18 and 70 years;
no distant metastasis or invasion to adjacent organs; no combined with
other malignancy; no emergency operation; and no previous che-
motherapy or surgery for gastric cancer.

We performed 1:1 matching using a logistic regression model with
the following variables: age, sex, body mass index (BMI), extent of re-
section, ASA grade, tumor size, histologic type, pN stage and pTNM
stage. The present study was approved by the Ethics Committee of
Xijing Hospital, Fourth Military Medical University.

2.2. Surgical procedure

The procedures for laparoscopic and open with D2 dissection have
been previously described in detail [10–12]. All surgeries were per-
formed by surgeons experienced in laparoscopic and open gastrectomy.
Patients chose the surgical types individually after they were informed
of the risks of surgical, complication, and oncological. We routinely
administered postoperative adjuvant chemotherapy with 5-fluorouracil
and cisplatin to each patient with stage II or more advanced cancer.

2.3. Postoperative evaluation and follow-up

The primary outcome was 5-year overall survival (OS). The sec-
ondary outcomes were 5-year disease-free survival (DFS), surgical
outcomes, and postoperative complications. The OS were defined as the
interval between surgery and death. The DFS were defined as the in-
terval between surgery and first recurrence or death. Postoperative
complications occurred within 30 days after surgery were recorded and

classified according to the Clavien–Dindo classification system
[13,14].Patients were followed up every 3 months during the first 2
years and then every 6 months from 2 to 5 years, and then annually.
The length of follow-up was defined as the time from surgery to the
final follow-up date of May 2018 or death.

2.4. Statistical analysis

All statistical analyses were performed using SPSS, ver.22.0 (SPSS
Inc., Chicago IL, USA). The chi-square test was used to compare cate-
gorical variables between the two groups, and the independent sample
t-test or Mann-Whitney U test was used to compare continuous vari-
ables. Survival curves were calculated using the Kaplan–Meier method
and analyzed by the log-rank test. Multivariate analysis was performed
by Cox proportional hazard model to identify independent risk factors
for survival. All values were two-tailed, and P values < 0.05 were
considered significant.

3. Results

After propensity score matching, 202 pairs of LG and OG patients
were selected for final analysis. The characteristics of patients were well
balanced between the two groups (Table 1).

3.1. Short-term surgical outcomes

Table 2 shows details of the surgical outcomes and postoperative
complications of the two groups. The LG group was associated with
longer operating time (236.63 vs. 176.52min, P=0.000), less esti-
mated blood loss (164.64 vs. 203.22ml, P=0.000). The time to first
flatus (3.29 vs. 3.92 days, P=0.000), time to start liquid diet (3.37 vs.
3.98 days, P=0.000), and postoperative hospital stay (7.39 vs. 8.03
days, P=0.023) were shorter in the LG group than those in the OG

Table 1
Characteristics of patients.

Variables Entire cohort Propensity score-matched cohort

LTG (n=211) OTG (n= 776) P value LTG (n= 202) OTG (n=202) P value

Age, years 0.564 1.000
≤60 141(66.8) 502(64.7) 135(66.8) 135(66.8)
>60 70(33.2) 274(35.3) 67(33.2) 67(33.2)

Sex 0.801 0.435
Male 156(73.9) 567(73.1) 150(74.3) 143(70.8)
Female 55(26.1) 209(26.9) 52(25.7) 59(29.2)

BMI, kg/m2 22.23 ± 3.30 22.01 ± 3.20 0.376 22.04 ± 3.10 21.66 ± 2.62 0.182
ASA grade 0.716 0.863
1-2 190(90.0) 692(84.6) 183(90.6) 184(91.1)
3 21(10.0) 84(15.4) 19(9.4) 18(8.9)

Tumor size, cm 0.081 1.000
≤5.0 138(65.4) 456(58.8) 130(64.4) 130(64.4)
>5.0 73(34.6) 320(41.2) 72(35.6) 72(35.6)

Histological type 0.071 1.000
Differentiated 39(18.5) 105 (13.5) 30(14.9) 30(14.9)
Undifferentiated 172(81.5) 671(86.5) 172(85.1) 172(85.1)

Extent of resection 0.991 1.000
DG 63(29.9) 232(29.9) 58(28.7) 58(28.7)
TG 148(70.1) 544(70.1) 144(71.3) 144(71.3)

pN stage 0.376 1.000
pN0 29(13.7) 102(13.1) 27(13.4) 27(13.4)
pN1 32(15.2) 94(12.1) 27(13.4) 27(13.4)
pN2 48(22.7) 171(22.0) 47(23.3) 47(23.3)
pN3a 68(32.2) 238(30.7) 68(33.7) 68(33.7)
pN3b 34(16.1) 171(22.0) 33(16.3) 33(16.3)

pTNM stage 0.302 1.000
IIB 29(13.7) 102(13.1) 27(13.4) 27(13.4)
IIIA 80(37.9) 265(34.1) 74(36.6) 74(36.6)
IIIB 68(32.2) 238(30.7) 68(33.7) 68(33.7)
IIIC 34(16.1) 171(22.0) 33(16.3) 33(16.3)
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group. The overall postoperative complication rate did not differ sig-
nificantly between the LG group and the OG group (14.4% vs. 16.3%,
P=0.581). No significant differences were observed in the minor
(Clavien–Dindo grade II) and severe complication (Clavien–Dindo
grade≥ IIIa) rates between the two groups (LG, 6.9% vs. OG, 9.9%,
P=0.282; LG, 7.4% vs. OG, 6.4%, P=0.695, respectively).

3.2. Long-term survival and subgroup analyses

With a median follow-up of 57 months (range 36–107 months), The
LG and OG groups showed similar 5-year overall survival (OS) and

Disease-free survival rates (DFS) rates (44.6% vs. 42.1%, P=0.403;
40.1 vs. 37.6%, P=0.321, respectively) (Fig. 1). Stage-specific analysis
showed that the 5-year OS rate for patients in stage IIB was 63.0% in
the LG group and 66.7% in the OG group; in stage IIIA, 55.4% and
50.0%; in stage IIIB, 36.8% and 32.4%; in stage IIIC, 21.2% and 24.2%,
respectively. The 5-year OS rates were comparable between the two
groups for patients in each stage (Fig. 2, P > 0.05). In the subgroup
analyses of OS, no significant difference was observed between the two
groups (Fig. 3). Multivariate analysis showed that the surgical type was
also not an independent prognostic factor for OS (Table 3).

3.3. Recurrence pattern of LG and OG groups

During the follow-up period, 150 patients (76 cases in the LG group
and 101 cases in the OG group) experienced recurrence. Comparisons of
the recurrence rate and patterns did not show statistical significances
between the two groups (P > 0.05). Table 4 summarizes the details of
recurrence pattern of the two groups.

4. Discussion

In the past ten years, LG with D2 lymphadenectomy has been in-
creasing used for the treatment of patients with locally AGC based on
the experience of EGC [15–19]. The results of randomized controlled
trials (RCTs) have demonstrated that LG with D2 lymphadenectomy can
be performed safely by experienced surgeons [2–4]. In China, about
80% patients are diagnosed at advanced stages, and serosa-positive
(pT4a) gastric cancer account for a significant proportion of these cases.
To date, the surgical and long-term oncologic outcomes of LG for pT4a
gastric have been rarely reported. In current study, we used the pro-
pensity score matching method to reduce the effect of selection and
potential confounding biases due to the retrospective nature of this
study.

Regarding surgical outcomes, our results showed that LG was as-
sociated with less blood loss, earlier time to first flatus, earlier time to
start diet and shorter postoperative hospital stay days. It means that the
benefits of the laparoscopic approach demonstrated in large-scale RCTs
can also be offered to patients with pT4a gastric cancer.

Postoperative complication is one of the major concerns in clinical
practice. Our previous study demonstrated that the occurrence of

Fig. 1. Kaplan–Meier curves of OS and DFS in LG and OG groups. A OS of propensity score-matched cohort; B DFS of propensity score-matched cohort.

Table 2
Surgical outcomes and postoperative complications.

Characteristics LG (n= 202) OG (n= 202) P value

Operation time (min) 236.63 ± 71.54 176.52 ± 43.47 0.000
Estimated blood loss (ml) 164.64 ± 80.24 203.22 ± 95.54 0.000
No. of retrieved lymph nodes 28.86 ± 5.31 27.94 ± 8.09 0.177
Time to first flatus (d) 3.29 ± 1.31 3.92 ± 1.23 0.000
Time to start liquid diet (d) 3.37 ± 1.28 3.98 ± 1.46 0.000
Postoperative hospital stay (d) 7.39 ± 2.53 8.03 ± 3.16 0.023
Conversion to open 12(5.9)
Postoperative complication
Wound infection 3(1.5) 6(3.0) 0.500
Pancreatitis 0(0.0) 1(0.5) 1.000
Pulmonary 5(2.5) 7(3.5) 0.558
Pancreatic fistula 1(0.5) 0(0.0) 1.000
Intra-abdominal abscess 3(1.5) 5(2.5) 0.721
Intra-abdominal bleeding 4(2.0) 2(1.0) 0.681
Duodenal stump leakage 2(1.0) 2(1.0) 1.000
Anastomotic bleeding 2(1.0) 1(0.5) 1.000
Anastomotic leakage 4(2.0) 3(1.5) 1.000
Bowel obstruction 2(1.0) 5(2.5) 0.446
Hepatic 2(1.0) 1(0.5) 1.000
Cardiac 1(0.5) 0(0.0) 1.000

Overall complications (%) 29(14.4) 33(16.3) 0.581
Clavien–Dindo classification
Grade II (%) 14(6.9%) 20(9.9%) 0.282
Grade IIIa (%) 8(4.0%) 6(3.0%) 0.586
Grade IIIb (%) 4(2.0%) 5(2.5%) 1.000
Grade IV (%) 3(1.5%) 2(1.0%) 1.000
Grade V (%) 0(0.0%) 0(0.0%) —

Clavien-Dindo grade≥ IIIa (%) 15(7.4%) 13(6.4%) 0.695

P < 0.05 are in bold.
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complications adversely affected long-term survival outcomes after LG
with D2 lymph node dissection for AGC [20]. Extensive researches re-
ported that the postoperative complication rate in patients who un-
derwent LG were comparable to those of patients who underwent OG
[2,3,16,21]. However, patients in the above-mentioned studies were in
stage pT1 to pT4. They did not perform stage-specific analysis for pT4a.
A retrospective study reported that postoperative complication rate did
not differ between the LG and OG groups, even for patients with con-
firmed pT4a gastric cancer [5]. Recently, Zhang et al. [6] reported that
the postoperative complication rate was 7.2% for patients with pT4a
gastric cancer, which is lower than those in the OG group. In this study,
our results revealed that there was no significant difference between LG
and OG groups (14.4% vs. 16.3%, P=0.581). Further analysis also
showed no significant differences between the two groups in terms of
minor and severe complications. In terms of major individual compli-
cations, we found no significant differences in the frequencies of ana-
stomotic-related complications (leakage, stricture, and bleeding), ab-
dominal abscess, and pulmonary complications between the two
groups. Based on these results, our study suggests that LG is a technical
feasible procedure with comparable or even better short-term outcomes

as compared with OG.
Long-term survival and recurrence are two key indicators for as-

sessing oncological safety. Currently, although LG for locally AGC still
remains controversial due to the lack of long-term results from RCTs.
Some retrospective studies have reported that the long-term survival
outcomes of patients underwent LG are similar with those treated with
OG [22–26]. However, few of them reported the stage-specific survival
outcomes of patients in pT4a stage. Son et al. [5] reported the survival
and recurrence patterns were comparable between the LG and OG
groups in a small retrospective study. Additionally, they also demon-
strated that the LG did not increase peritoneal recurrences of patients
with pT4a gastric cancer when compared to OG. A recent retrospective
study of LG versus OG for pT4a gastric cancer also showed no sig-
nificant differences in 5-year DFS rate (37.8% vs. 35.3%,P > 0.05) and
OS rate (47.7% vs. 40.3%, P > 0.05) with an average follow-up of 37
month [6]. In this study, the 5-year OS and DFS rate of all patients
underwent LG were also comparable to those underwent OG after
propensity score matching was performed. In our study, the surgical
type was not a prognostic factor for OS; however, age, tumor size,
histologic type, No. of retrieved lymph nodes (RLNs), and pN2-N3 stage

Fig. 2. Kaplan-Meier curve of OS of LG and OG groups classified by pathological stage. A Stage IIB; B Stage IIIA; C Stage IIIB; D Stage IIIC.
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were identified as independent prognostic factors by multivariate
analysis.

Regarding the tumor recurrence, a study of 1417 patients after LG
from multicenter stated that the recurrence rate is 3.5% (50/1417), and
the most common recurrence pattern after LG was hematogenous, fol-
lowed by peritoneal and locoregional [27]. However, majority of pa-
tients were in early stage, and cases in stage II or more only account for
9.2% (130/1417). Another study of 1304 gastric cancer patients re-
ported the recurrence rate was 60.8% (793/1304), and the distant
metastasis is the most common recurrence pattern, followed by local-
regional recurrence and peritoneum implanting [28]. The patients in
stage II or more account for 87.9% (1147/1304), which therefore as-
sociated with higher recurrence rate and different common recurrence
patterns as compared with the result reported by Song et al. [27]. In the
present study, patients in stage III account for 86.6% in the propensity
score-matched cohort, indicating poor prognosis of these cases. The
recurrence rate was 37.6% after LG, and peritoneal were the most
common recurrence pattern, followed by locoregional recurrence and
hematogenous recurrence. Our results showed that the recurrence rate
and pattern did not differ between the two groups during the follow-up
stage. These indicated that LG did not increase peritoneal recurrence
rate as compared with OG. Port site metastasis associated with pneu-
moperitoneum and laparoscopic tumor handling has also been regard as
one of the major concern in clinical practice, although it is actually
quite rare based on current evidence [29,30]. Several reports stated
that laparoscopic surgery does not promote peritoneal recurrence or

port site metastasis of gastric cancer [5,17,23]. In our study, two pa-
tients experienced port site metastasis in the LG group during the
follow-up period. However, it was not a unique event to LG, because 1
cases of wound metastasis were also found in the OG group. These
demonstrated that LG do not increase port site metastasis of patients
with pT4a gastric cancer.

Tumor size has been shown to be correlated with prognosis of
gastric cancer [31–33], and it still kept prognostic value in our study. In
previous study, LG was not generally performed in patients with larger
tumors because of the potential risk of increased conversion rate, thus
having a negative effect on clinical outcomes [34,35]. In this study,
patients with tumor size larger than 5 cm account for 35.6% in the
propensity score-matched cohort, and the conversion rate is compar-
able with previous studies. Additionally, survival outcomes of patents
after LG were also comparable to those treated by open procedure in the
subgroup analysis for cases with tumor size larger than 5 cm.

Serosa-positive gastric cancer was always associated with a higher
risk of lymph node metastasis. In the present study, patients with N1-N3
gastric cancer account for 86.6% of all cases. Researches have reported
that inadequate RLNs were significantly associated with the unfavor-
able survival outcome of gastric cancer patients. AJCC recommended
that a necessity of at least 15 RLNs for radical gastrectomy to ensure N-
stage reliability [36]. Recently, several studies have stated that suffi-
cient number of RLNs was associated with better prognosis of gastric
patients with lymph node metastasis. Therefore, the harvest of at least
15 lymph nodes may not be applicable for all gastric cancer patients

Fig. 3. Subgroup analyses of OS in LG and OG groups.

Z. Li et al. Surgical Oncology 28 (2019) 167–173

171



[37–39]. Chen et al. [40] stated that the harvest of least 25 lymph nodes
could yield better survival outcomes in stage N2 to N3 gastric cancer.
Zhao et al. [41] also demonstrated a necessity of at least 25 RLNs for
AGC patients with lymph node metastasis. In the present study, mul-
tivariate analysis also confirmed that retrieved less than 25 lymph
nodes is an independent prognostic factor for decreased OS. Based on
current evidence, we recommended that a necessity of 25 RLNs for
patients with pT4a gastric cancer.

There are several limitations in the present study. First, this is a
single-center retrospective study. Additionally, propensity-score mat-
ched method could not offset all biases. Third, some patients were not
followed up to 5 years which may lead to a higher survival rate.
Therefore, Well-designed multicenter RCTs are warranted to reach
more definitive conclusions on this topic.

In conclusion, our study suggests that LG can be a safe and feasible
procedure for patients with pT4a gastric cancer in terms of surgical and
long-term oncologic outcomes.
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