
Yan-Feng Hu, Hao Liu, Ting-Yu Mou, Tao Chen, Xin Lu, Da 
Wang, Jiang Yu, Guo-Xin Li, Department of General Surgery, 
Nanfang Hospital, Southern Medical University, Guangzhou 
510515, Guangdong Province, China

Zhen-Wei Deng, Department of General Surgery, Dongguan 
People’s Hospital, Dongguan 523000, Guangdong Province, 
China

Author contributions: Hu YF and Deng ZW contributed 
equally to this work in the design of the study and preparation of 
the manuscript and should be both considered as co-first authors; 
Yu J and Li GX contributed equally to this paper; all authors 
approved the final manuscript.

Supported by Guangdong Provincial Science and Technology 
Key Project, the National Key Technology R and D Program, No. 
2013BAI05B00; the Major Program of Science and Technology 
Program of Guangzhou, No. 201300000087; research Fund of 
Public Welfare in Health Industry, Health Ministry of China, 
No. 201402015; Research Fund of Public Welfare in Health 
Industry, No. 201502039; and Key Clinical Specialty Discipline 
Construction Program.

Institutional review board statement: This study was 
reviewed and approved by the Ethics Committee of Nanfang 
Hospital.

Informed consent statement: Patients were given informed 
consent and agreed to participate in the study.

Conflict-of-interest statement: The authors declare no conflict 
of interest in this work.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Guo-Xin Li, MD, PhD, FRCS, Department 
of General Surgery, Nanfang Hospital, Southern Medical 
University, No. 1838, North Guangzhou Avenue, Guangzhou 
510515, Guangdong Province, China. gzliguoxin@163.com
Telephone: +86-20-61641681
Fax: +86-20-61641683

Received: May 5, 2015  
Peer-review started: May 11, 2015
First decision: September 29, 2015
Revised: October 19, 2015 
Accepted: November 24, 2015
Article in press: November 24, 2015
Published online: February 7, 2016

Abstract
AIM: To evaluate the clinical value of staging lapa
roscopy in treatment decision-making for advanced 
gastric cancer (GC).

METHODS: Clinical data of 582 patients with ad
vanced GC were retrospectively analyzed. All patients 
underwent staging laparoscopy. The strength of 
agreement between computed tomography (CT) stage, 
endoscopic ultrasound (EUS) stage, laparoscopic stage, 
and final stage were determined by weighted Kappa 
statistic (Kw). The number of patients with treatment 
decision-changes was counted. A χ 2 test was used to 
analyze the correlation between peritoneal metastasis 
or positive cytology and clinical characteristics.

RESULTS: Among the 582 patients, the distributions of 
pathological T classifications were T2/3 (153, 26.3%), 
T4a (262, 45.0%), and T4b (167, 28.7%). Treatment 
plans for 211 (36.3%) patients were changed after 
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staging laparoscopy was performed. Two (10.5%) of 
19 patients in M1 regained the opportunity for potential 
radical resection by staging laparoscopy. Unnecessary 
laparotomy was avoided in 71 (12.2%) patients. The 
strength of agreement between preoperative T stage 
and final T stage was in almost perfect agreement (Kw 
= 0.838; 95% confidence interval (CI): 0.803-0.872; 
P  < 0.05) for staging laparoscopy; compared with CT 
and EUS, which was in fair agreement. The strength 
of agreement between preoperative M stage and 
final M stage was in almost perfect agreement (Kw 
= 0.990; 95% CI: 0.977-1.000; P  < 0.05) for staging 
laparoscopy; compared with CT, which was in slight 
agreement. Multivariate analysis revealed that tumor 
size (≥ 40 mm), depth of tumor invasion (T4b), and 
Borrmann type (Ⅲ or Ⅳ) were significantly correlated 
with either peritoneal metastasis or positive cytology. 
The best performance in diagnosing P-positive was 
obtained when two or three risk factors existed.

CONCLUSION: Staging laparoscopy can improve 
treatment decision-making for advanced GC and 
decrease unnecessary exploratory laparotomy.

Key words: Staging laparoscopy; Advanced gastric 
cancer; Tumor staging; Peritoneal metastasis; Risk 
factor
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Core tip: Staging laparoscopy plays an important role in 
advanced gastric cancer (GC) staging, which performs 
better than computed tomography or endoscopic 
ultrasound. Staging laparoscopy can improve treatment 
decision-making for advanced GC and decrease 
unnecessary exploratory laparotomy. Tumor size (≥ 
40 mm), depth of tumor invasion (T4b), and Borrmann 
type (Ⅲ or Ⅳ) were significantly correlated with either 
peritoneal metastasis or positive cytology. The best 
performance in diagnosing P-positive was obtained 
when two or three risk factors existed.
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org/10.3748/wjg.v22.i5.1859

INTRODUCTION
It is estimated that 990000 new gastric cancer (GC) 
cases occur in the world annually[1]. Approximately 
42% of these cases occur in China. Due to the absence 
of a mass screening program, more than 80% of all 
Chinese cases are discovered at an advanced stage. 

To improve the survival of these patients, multimodal 
therapy, including surgery and systemic chemotherapy, 
are the current recommendations. It is well-known 
that the specific option of multimodal therapy is based 
on clinical evaluation of the TNM stage by imaging and 
exploratory laparotomy[2-7]. Clinically, underestimation 
of tumor staging by imaging may lead to unnecessary 
laparotomy, while overestimation of tumor staging 
by imaging may exclude the opportunity of potential 
curative surgery as a therapeutic option.

Computed tomography (CT) and endoscopic ultra
sound (EUS) are the most widely used conventional 
modalities for preoperative staging of GC[8]. It was 
previously reported that CT or EUS has an accuracy 
of 60%-83% in determining the T stage[9-13]. Ap
proximately 30% of laparotomies were unnecessary 
and resulted in significant tissue damage due to 
the low sensitivity of conventional examinations for 
peritoneal metastasis detection[14-17]. Laparotomy has 
high accuracy for T staging and high sensitivity for the 
detection of peritoneal metastasis. However, laparotomy 
for patients with non-resectable or disseminated disease 
is unnecessary[18].

To avoid unnecessary conventional exploratory 
laparotomy, staging laparoscopy as a minimally invasive 
approach has been recommended prior to surgery 
planning in order to exclude distant metastases[2,3,19]. 
For suspected M1 cases, negative findings by staging 
laparoscopy may help patients regain the potential 
of radical surgery. In addition to the M stage, the T 
stage has an important impact in the treatment plan. 
Neoadjuvant chemotherapy has been reported to 
increase R0 resection rate in T4a or T4b patients[3,7,20,21]. 
Since the stage of the tumor is adjusted by staging 
laparoscopy or laparotomy, parts of the treatment 
plans should be changed, which may improve patient 
survival. However, if the treatment plan is changed to 
neoadjuvant chemotherapy instead of surgery followed 
by laparotomy, there is no need for a patient to suffer 
from open-close surgery. Furthermore, damage would 
be reduced if staging laparoscopy is used instead of 
laparotomy.

Although staging laparoscopy has been widely 
described and advocated prior to surgery[2-4], discrepant 
results have been reported; and results based on 
Chinese patients have been rarely reported. Our 
study focuses on the number of treatment plans that 
changed due to staging laparoscopic findings. The aim 
of this study is to evaluate the clinical value of staging 
laparoscopy in treatment decision-making for advanced 
GC.

MATERIALS AND METHODS
A total of 1319 GC patients underwent surgery in 
Nanfang Hospital from June 1, 2004 to May 1, 2014. 
A total of 747 patients received staging laparoscopy, 
in which 112 patients who had early GC and 53 
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Table 1  Modality-specific staging criteria

patients who received neoadjuvant chemotherapy were 
excluded. Thus, 582 patients were enrolled in our study. 
Preoperative staging entailed physical examinations, 
fiberoptic gastroscopy, simple chest radiography, and 
contrast-enhanced CT of the abdomen and pelvis. EUS 
and lavage cytology examination were performed as 
needed. All patients enrolled in this study received 
endoscopy and biopsy, while 150 patients received EUS. 
Five hundred sixty-three M0 patients were planned 
to undergo radical surgery, and 19 M1 patients were 
planned to undergo palliative surgery. Among the 
enrolled patients, 99 patients underwent supplementary 
lavage cytology examination. Each patient that under
went gastrectomy had final pathologic staging, while 
staging for the remaining patients was established by 
clinical information.

Staging was principally based on the 7th edition 
of the American Joint Committee on Cancer (AJCC) 
cancer staging manual[22]. T stages were defined 
as follows: T2/3, tumor that invades beneath the 
subserosal connective tissue; T4a, tumor that in
vades the serosa (visceral peritoneum); and T4b, 
tumor that invades adjacent structures, such as the 
spleen, transverse colon, liver, diaphragm, pancreas, 
abdominal wall, adrenal gland, kidney, small intestine, 
and retroperitoneum. Metastasis to sites other than 
regional lymph nodes (distant metastasis) and positive 
peritoneal cytology were classified as metastatic 

disease, M1. N stage was not addressed in this study. 
Modality-specific staging criteria are shown in Table 
1[10,12]. The following four situations were considered in 
order for treatment plans to be changed: the planned 
operation was radical resection, but the final operation 
was palliative surgery; the planned operation was 
palliative surgery, but the final operation was radical 
resection; the planned operation was gastrectomy 
alone, but the final operation was combined resection; 
the planned operation was combined resection, but the 
final operation was gastrectomy alone.

CT protocol
CT examinations[9,14,23] were performed using 10 mm 
slices. All patients underwent contrast-enhanced 
CT within 4 wk of the operation. Examinations were 
carried out according to the following protocol: 30 
min before CT, after an overnight fast, 100 ml of 
intravenous sodium iothalamate was delivered by a 
power injector. Then, all patients were asked to drink 
600-800 ml of water to distend the stomach. The 
procedure was carried out in patients, as previously 
described by Kim et al[23].

EUS protocol
A total of 150 patients were examined by EUS as 
supplementary staging, and a radial echoendoscope 
capable of emitting frequencies of 7.5 and 12 MHz was 
used[24,25]. After an overnight fast, the procedure was 
carried out in patients, as Power et al[24] described. 
In addition, all patients were biopsied and pathology 
confirmed. 

Staging laparoscopy protocol
The patient was placed in the supine position with 
legs apart under general anesthesia, the surgeon 
stood on the left side of the patient, and the camera 
operator stood between the patient’s legs[19,26]. A first 
assistant stood at the right side of the patient and held 
retractors if needed. A 12 mm subumbilical incision 
was made and a pneumoperitoneum with CO2 under 
13-15 mmHg pressure was established through a port. 
Laparoscopy was performed using a 30° telescope. 
Two other 5-mm ports were made on the left upper 
and lower quadrants to allow for the use of grasping 
and biopsy forceps. If needed, two final 5-mm ports on 
the right quadrants were made. A thorough abdominal 
cavity inspection was performed, and biopsies were 
taken from any tissue suspected to be cancerous. 
If tumors were positioned in the posterior wall, the 
lesser sac was inspected. The liver, diaphragm, serosal 
surfaces, peritoneum, omentum, and pelvic organs 
were systematically inspected.

Lavage cytology examination was performed in 
some cases of serosal invasion as a supplementary 
investigation. Ascitic fluid, if present, was aspirated 
and sent for cytology examination. If no ascites was 
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Stage Criteria

T stage CT criteria
   T2/3 Neoplasm shows focal or diffuse thickening of gastric wall 

with transmural involvement, is almost well enhanced, and 
has smooth outer wall border and clear fat plane around 
tumor

   T4a Transmural tumor with irregular or nodular outer border 
and/or perigastric fat infiltration

   T4b Obliteration of fat plane between gastric tumor and adjacent 
organ or invasion of adjacent organ

M stage CT criteria
   M0 Distant metastasis absent
   M1 Distant metastasis present
T stage EUS criteria
   T2/3 Tumor extent beyond the muscularis propria up to 4 mm
   T4a Tumor extent beyond the muscularis propria greater than 4 

mm
   T4b Direct extension and invasion of tumor into adjacent organ
M stage EUS criteria
   M0 Distant metastasis absent
   M1 Distant metastasis present
T stage SL criteria
   T2/3 Tumor with clear and smooth outer gastric surface
   T4a Tumor with nodular or irregular outer gastric surface
   T4b infiltration of adjacent organs
M stage SL criteria
   M0 Distant metastasis absent
   M1 Distant metastasis present

CT: Computed tomography; EUS: Endoscopic ultrasound; SL: Staging 
laparoscopy.
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best cut-off for diagnosing P-positive was identified. 
All tests were two-sided, and P values < 0.05 were 
considered statistically significant. Data analysis was 
carried out with Statistical Package for Social Sciences 
(SPSS) version 16.0 (SPSS, Chicago, IL, United States) 
and Statistical Analysis System (SAS) version 9.2 (SAS, 
Raleigh, NC, United States). 

RESULTS
Agreement of T stage
The strength of agreement between the preoperative 
T stage and the final T stage was in almost perfect 
agreement (Kw = 0.838; 95% CI: 0.803-0.872; 
P < 0.05) for staging laparoscopy, in which 8.4% 
(49/582) were underestimated and 5.9% (28/582) 
were overestimated. The strength of agreement 
between the preoperative T stage and the final T 
stage was in fair agreement (Kw = 0.287; 95% 
CI: 0.235-0.339; P < 0.05) for CT; in which 41.2% 
(240/582) were underestimated, and 7.2% (42/582) 
were overestimated (Table 2).

Among the 150 patients who underwent EUS, 
the strength of agreement between the preoperative 
T stage and the final T stage was in almost perfect 
agreement (Kw = 0.831; 95% CI: 0.759-0.904; P < 
0.05) for staging laparoscopy, in which 6.0% (8/150) 
were underestimated and 7.3% (10/150) were 
overestimated. The strength of agreement between 
preoperative T stage and the final T stage was in 
fair agreement (Kw = 0.344; 95%CI: 0.239-0.448; 
P < 0.05) for EUS, in which 10.0% (15/150) 
were underestimated and 42.0% (63/150) were 
overestimated (Table 3).

Agreement of M stage
The strength of agreement between preoperative 
M stage and the final M stage was in almost perfect 
agreement (Kw = 0.990; 95% CI: 0.977-1.000; P < 
0.05) for staging laparoscopy; in which 0.3% (2/582) 
were underestimated, and none was overestimated. 
The strength of agreement between preoperative M 
stage and the final M stage was in slight agreement 

present, peritoneal lavage was performed using 300 
mL of normal saline instilled into the right and left 
upper quadrants and pelvis; and washings were 
collected for cytology examination after the abdomen 
was gently agitated.

Statistical analysis
Findings from CT, EUS, and staging laparoscopy were 
compared with the final stage of GC. Statistically 
comparable results between the preoperative stage 
determined by CT, EUS, and staging laparoscopy and 
the final stage were determined using weighted Kappa 
statistic (Kw)[27,28]. Weighted Kappa values were defined 
as follows: values between 0.01 and 0.20 were defined 
as in slight agreement, values between 0.21 and 0.40 
were defined as in fair agreement, values between 
0.41 to 0.60 were defined as in moderate agreement, 
values between 0.61 to 0.80 were defined as in 
substantial agreement, and values between 0.81 to 
1.00 were defined as in almost perfect agreement[29]. 
Accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) 
were calculated. A χ 2 test was used to analyze the 
correlation between peritoneal metastasis or positive 
cytology and clinical factors, including age, gender, 
T stage, tumor size, histological type, Borrmann 
type, tumor location, ECOG score, and lymph node 
metastasis[27]. Tumor size was sub-classified as < 
40 mm or ≥ 40 mm, and type was based on the 
Borrmann classification. Histological types of GC 
according to the WHO classification guidelines were 
categorized into differentiated and undifferentiated 
types, and tumor locations were graded based on 
whether the tumor involved each portion of the 
stomach. P-positive was defined as either peritoneal 
metastasis or positive cytology. P-negative was defined 
as neither peritoneal metastasis nor positive cytology. 
Receiver operating characteristic (ROC) curves were 
employed to evaluate the effects of several cut-off 
points on the diagnostic performance of the number 
of risk factors for P-positive. The summary accuracy 
measure of Youden’s index (sensitivity + specificity - 1, 
range: 0-1) was used. By maximal Youden’s index, the 

Table 2  Agreement of computed tomographic and laparoscopic staging of T stage (n  = 582)

Computed tomography Staging laparoscopy

T2/3 T4a T4b T2/3 T4a T4b

Final stage
   T2/3 115   35 3 126   27     0
   T4a   82 176 4   49 212     1
   T4b   22 136 9     0     0 167

Acc. Sens. Spec. PPV NPV Acc. Sens. Spec. PPV NPV
   T2/3 76% 75% 76% 53% 90%   87%   82%   89% 72%   93%
   T4a 56% 67% 47% 51% 63%   87%   81%   92% 89%   85%
   T4b 72%   5% 98% 56% 72% 100% 100% 100% 99% 100%

Overall accuracy: 51.5% (computed tomography), and 86.8% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive 
predictive value; NPV: Negative predictive value.
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(Kw = 0.169; 95% CI: 0.090-0.243; P < 0.05) for CT; 
in which 20.8% (121/582) were underestimated, and 
0.3% (2/582) were overestimated (Table 4). 

Peritoneal lavage cytology examination
Ninety-nine patients underwent peritoneal lavage 
cytology examination. Among these 99 patients, seven 
(7.1%) P0 cases had positive cytology and 16 P1 
cases had negative cytology; while 76 patients were in 
P0CY0, and none was in P1CY1. 

Operation after staging laparoscopy
Four hundred forty-four M0 patients and 138 M1 

patients were diagnosed by staging laparoscopy. For 
M0 cases, 436 patients underwent radical gastrectomy 
and eight patients in T4b received palliative operations 
(three bypass and five staging laparoscopy alone); and 
combined resection was considered to be unsuitable for 
such patients. For M1 cases (103 for peritoneum alone, 
13 for liver alone, 15 for liver and peritoneum, and 
seven positive cytology), 63 patients received palliative 
resection due to obstruction or bleeding from the tumor 
(five patients underwent palliative resection as planned), 
18 patients underwent bypass (two patients underwent 
laparoscopic bypass as planned), and 57 patients 
underwent staging laparoscopy alone (10 patients 

Table 3  Agreement of endoscopic and laparoscopic staging of T stage (n  = 150)

Endoscopic ultrasound Staging laparoscopy

T2/3 T4a T4b T2/3 T4a T4b

Final stage
   T2/3 28 42   3 64   9   0
   T4a   4 29 18   8 42   1
   T4b   0 11 15   0   0 26

Acc. Sens. Spec. PPV NPV Acc. Sens. Spec. PPV NPV
   T2/3 67% 38% 95% 88% 62% 89%   88% 90% 89%   88%
   T4a 50% 57% 46% 35% 68% 88%   82% 91% 82%   91%
   T4b 79% 58% 83% 42% 90% 99% 100% 99% 96% 100%

Overall accuracy: 48.0% (endoscopic ultrasound), and 86.7% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive 
predictive value; NPV: Negative predictive value.

Table 4  Agreement of computed tomographic and laparoscopic staging of M stage (n  = 582)

    Computed tomography Staging laparoscopy

M0 M1 M0 M1

Final stage M0 442   2 444     0
M1 121 17     2 136

Acc. Sens. Spec. PPV NPV Acc. Sens. Spec. PPV NPV
M1 79% 89% 79% 12% 100% 100% 100% 100% 99% 100%

Overall accuracy: 78.7% (computed tomography), and 100% (staging laparoscopy). Acc.: Accuracy; Sens.: Sensitivity; Spec.: Specificity; PPV: Positive 
predictive value; NPV: Negative predictive value.

Patients with advanced gastric carcinoma 
(n  = 582)

M0
(n  = 444)

Staging
laparoscopy

 + R0 resection
(n  = 436)

 Staging 
laparoscopy
 + bypass
(n  = 3)

Staging 
laparoscopy 

alone
(n  = 5)

Staging laparoscopy
 + palliative 
resection
(n  = 63)

 Staging 
laparoscopy 
+ bypass
(n  = 18)

Staging 
laparoscopy 

alone
(n  = 57)

P1H0 (n  = 103)
H1P0 (n  = 13)
P1H1 (n  = 15)
CY1 (n  = 7)

M1
(n  = 138)

Figure 1  Operation after staging laparoscopy. P1H0: Peritoneal metastasis alone; H1P0: Hepatic metastasis alone; P1H1: Hepatic and peritoneal metastasis; 
CY1: Positive peritoneal lavage cytology alone.
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underwent laparoscopic exploration as planned). In 
summary, 21 patients underwent laparoscopic gastro
jejunostomy, while 62 (10.7%) patients underwent 
staging laparoscopy alone (Figure 1).

Treatment plans changed after staging laparoscopy
The treatment plans of 211 (36.3%) patients were 
changed after staging laparoscopy. One hundred 
twenty-nine (22.2%) patients who were planned to 
undergo radical gastrectomy were changed to palliative 
operations (58 patients for palliative gastrectomy, 19 
patients for laparoscopic bypass, and 52 patients for 
staging laparoscopic alone) due to metastases that 
were not detected by CT. Two patients, who were 
classified as M1 by CT, underwent radical surgery after 
being classified as M0 at staging laparoscopy. Seventy-
three (12.6%) patients who were planned to undergo 
gastrectomy alone as non-T4b on CT underwent 
combined resection. Seven (1.2%) patients who were 

planned to undergo combined resection as T4b on CT 
underwent gastrectomy alone (Figure 2).

Safety of staging laparoscopy 
Sixty-two (10.7%) patients underwent staging 
laparoscopy alone, including 10 patients who were 
planned to undergo staging laparoscopy for tumor 
detection. Among these patients, two patients 
developed pneumonia; and there was no mortality. 
Median postoperative hospital stay was 5 d (range, 
2-22 d).

Comparison of clinical characteristics
Clinical characteristics were compared between 
P-negative and P-positive patients (Table 5). Gender, 
tumor size, the middle third involved, depth of 
tumor invasion, and Borrmann type were found to 
be significantly correlated with P-positive status by 
univariate analysis. Among these factors, multivariate 
analysis indicated that tumor size (≥ 40 mm), depth 
of tumor invasion (T4b), and Borrmann type (Ⅲ or 
Ⅳ) were significantly correlated with P-positive status 
(Table 6).

Indications for staging laparoscopy based on the 
number of risk factors
A total of 582 patients were classified according to 
the number of independent risk factors for P-positive 
status. Among these patients, 117 had no risk factor 
(no P-positive), 216 had only one risk factor (19 
P-positive), 153 had two risk factors (41 P-positive), 
and 96 had three risk factors (65 P-positive) (Table 7). 
Based on the ROC curve (Figure 3) and the number 
of independent risk factors, patients were classified 
into two groups. The maximal Youden’s index value 
(0.535) of the cut-off for diagnosing P-positive patients 
was obtained when two or three risk factors existed. 

Patients with advanced gastric carcinoma 
undergoing staging laparoscopy (n  = 582)

Underwent planning 
treatment
(n  = 371)

Treatment plan
changed
(n  = 211)

Staging laparoscopy

PO: palliative surgery
FO: radical resection     

(n  = 2)

PO: radical resection
FO: palliative surgery

(n  = 129)

PO: gastrectomy alone
FO: combined resection

(n  = 73)

PO: combined resection
FO: gastrectomy alone

(n  = 7)

Palliative 
resection
(n  = 58)

Bypass
(n  = 19)

Staging laparoscopy 
alone

(n  = 52)

Figure 2  Treatment plan changed after staging laparoscopy. PO: Planning operation; FO: Final operation.

1.0

0.8

0.6

0.4

0.2

0.0
0.0         0.2         0.4         0.6         0.8         1.0
                          1 - specificity

Se
ns
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Figure 3  Receiver operating characteristic curve according to the number 
of independent risk factors for P-positive status.

Hu YF et al . Staging laparoscopy in advanced gastric cancer



1865 February 7, 2016|Volume 22|Issue 5|WJG|www.wjgnet.com

The summary of the diagnostic accuracy at this cut-off 
value is shown in Table 7.

DISCUSSION
Staging laparoscopy is recommended to confirm the 
absence of peritoneal metastasis prior to surgery in 
patients with advanced GC[2,3,19]. Staging laparoscopy 
has a significant advantage in detecting tumors by 
direct visualization compared with imaging modalities 
such as CT and EUS. Tissue magnification by 
laparoscopy allows for the detection of small suspicious 
peritoneal nodules, which may be undetected by 
imaging modalities[30,31]. As the entire abdominal 
cavity could be closely examined by laparoscopy, tiny 
peritoneal nodules located in the subphrenic space or 
Douglas pouch can be detected[32]. Staging laparoscopy 
can be easily performed and causes minimal tissue 
damage[33].

The use of staging laparoscopy should be decreased 
if the findings of staging laparoscopy do not change 
the treatment plan. In the current study, the treatment 
plans of 211 (36.3%) patients were changed after 
staging laparoscopy. Two patients classified as M1 by CT 
regained the opportunity for potential radical resection 
by staging laparoscopy; and unnecessary laparotomy 
was avoided in 71 (12.2%) patients, including 19 
patients with laparoscopic gastrojejunostomy. Higher 
rates have been reported by Kakroo et al[14] (14 
patients, 28%), de Graaf et al[15] (84 patients, 20.2%), 
Nakagawa et al[16] (22 patients, 22%), and Muntean et 
al[17] (17 patients, 37.8%). 

Furthermore, staging laparoscopy is an invasive 
procedure that requires general anesthesia and 
pneumoperitoneum. It increases hospital cost and anes
thesia time and has associated risks[33,34]. However, 
operation-related complications rarely occur, with rates 
ranging up to 4.2%[9,17,33,35]. Complications occur more 
often with exploratory laparotomy[32]. In our study, 
no perioperative and low postoperative complications 
(3.2%) were recorded in patients who underwent 
staging laparoscopy alone. As reported by Karanicolas 
et al[34], patients who underwent staging laparoscopy 
alone had a significantly lower rate of in-hospital 
mortality (5.3% vs 13.1%, P < 0.05) and shorter length 
of hospitalization (2 d vs 10 d, P < 0.05) than patients 
who had unnecessary laparotomy. 

Table 5  Relationship between clinicopathologic features 
determined by clinical staging and peritoneal metastasis or 
positive cytology (n  = 582)

Characteristic P-negative 
(n  = 457)

P-positive
(n  = 125)

P  value

Gender    0.001
   Male (n = 397) 328   69
   Female (n = 185) 129   56
Age    0.573
   < 65 (n = 441) 334   88
   ≥ 65 (n = 141) 123   37
ECOG score    0.751
   0 (n = 224) 175   49
   1 (n = 291) 227   64
   2 (n = 67)   55   12
Tumor size (mm) < 0.001
   < 40 (n = 238) 215   21
   ≥ 40 (n = 346) 242 104
Upper third    0.903
   Not involved (n = 455) 358   97
   Involved (n = 127)   99   28
Middle third < 0.001
   Not involved (n = 401) 333   68
   Involved (n = 181) 124   57
Lower third    0.750
   Not involved (n = 200) 159   41
   Involved (n = 382) 298   84
fT stage < 0.001
   T2/3 (n = 153) 145     8
   T4a (n = 262) 232   30
   T4b (n = 167)   80   87
Borrmann type < 0.001
   Type Ⅰ or Ⅱ (n = 285) 265   20
   Type Ⅲ (n = 253) 166   87
   Type Ⅳ (n = 44)   26   18
Differentiation    0.293
   Differentiated (n = 577) 454 123
   Undifferentiated (n = 5)     3     2
Lymph node metastasis    0.305
   Negative (n = 240) 183   57
   Positive (n = 342) 274   68

fT stage: Final T stage; P-negative: No peritoneal metastasis and positive 
cytology; P-positive: Peritoneal metastasis or positive cytology.

Table 6  Correlation between clinicopathologic features 
determined by clinical staging and peritoneal metastasis or 
positive cytology (multivariate analysis)

Variables P  value Odd ratio 95%CI

Tumor size (mm)
   < 40 1.000
   ≥ 40    0.015 2.123 1.160-3.887
fT stage < 0.001
   T2/3 1.000
   T4a    0.215 1.714 0.731-4.020
   T4b < 0.001 11.54   4.942-26.947
Borrmann type < 0.001
   Type Ⅰ or Ⅱ 1.000
   Type Ⅲ < 0.001 6.291   3.524-11.231
   Type Ⅳ < 0.001 5.844   2.457-13.904

Table 7  Indications for staging laparoscopy determined based 
on the number of independent risk factors

No. of independent
risk factors

P0 CY0 P1 or CY1 Total

0, 1 314   19 333
2, 3 143 106 249
Total 457 125 582
Accuracy 72%
Sensitivity 85%
Specificity 69%
PPV 43%
NPV 94%

PPV: Positive predictive value; NPV: Negative predictive value.
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The major reason some laparotomies are ultimately 
found to be unnecessary is peritoneal metastasis. Our 
finding has indicated that tumor size (≥ 40 mm), 
depth of tumor invasion (T4b), and Borrmann type 
(Ⅲ or Ⅳ) were independent risk factors. As reported, 
CA-125, tumor size (> 4 cm tumor size), Borrmann 
type Ⅲ or Ⅳ, serosa invasion, and positive lymph 
node metastasis have been reported to be significantly 
correlated with either peritoneal metastasis or positive 
cytology[35-37]; which is similar to our finding. Thus, 
staging laparoscopy should be performed in patients 
with risk factors, especially with two or three risk 
factors. Moreover, if lymph nodes are found too close 
or adherent to the celiac trunk when detected by CT, 
the relevant area should also be examined to confirm 
resectability of the disease at staging laparoscopy. 
These patients may require neoadjuvant chemotherapy 
to increase R0 resection rate.

Although staging laparoscopy had a good per
formance in detecting P-positive status, in our study, 
it failed to find peritoneal disseminations in two cases. 
Staging laparoscopy using 5-aminolevulinic acid (ALA)-
mediated photodynamic diagnosis in advanced GC 
has been reported to be helpful in detecting peritoneal 
metastasis[18,38]. Kishi et al[38] reported that the tumor 
detection rate using 5-ALA photodynamic diagnosis was 
significantly higher than using white light (72% vs 39%, 
P < 0.0001) and two peritoneal metastases that were 
invisible under white light were detected under induced 
fluorescence. However, this procedure requires special 
equipment currently not routinely available in clinical 
practice, like D-LIGHT System. 

High-quality staging laparoscopy combined with 
cytology examination is an important means for 
improving the clinical evaluation of tumors. The current 
study on staging laparoscopy procedure included the 
examination of all abdominal organs, assessment 
of tumor depth, washing cytology, and biopsy of 
suspicious peritoneal nodules. 

This study has some limitations. Staging laparoscopy 
has shortcomings compared to CT and EUS. For 
example, lymph node metastasis is not easily detected 
by laparoscopy. The standard of cytology examination 
is not unified, which may result in missed diagnosis of 
positive cases.

Staging laparoscopy is a valuable technique in 
staging advanced GC and has an important role in 
the detection of occult intra-abdominal metastasis 
not detected by conventional radiological staging. 
The strengths of the agreement between the staging 
laparoscopy stage and the final stage were almost 
perfect. Staging laparoscopy can improve treatment 
decision-making for advanced GC and decrease 
unnecessary exploratory laparotomy.

COMMENTS
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Due to the absence of a mass screening program, more than 80% of all 

Chinese cases of gastric cancer (GC) are discovered at an advanced stage. 
To improve patient survival, multimodal therapy including surgery and systemic 
chemotherapy are the current recommendations. It is well-known that the 
specific option of multimodal therapy is based on clinical evaluation of the 
TNM stage by imaging and exploratory laparotomy. The aim of this study is to 
evaluate the clinical value of staging laparoscopy in treatment decision-making 
for advanced GC.

Research frontiers
Laparoscopy used for staging advanced GC is becoming more common. 
Few prior reports have analyzed the clinical value of staging laparoscopy in 
treatment decision-making for advanced GC.

Innovations and breakthroughs
In this study, staging laparoscopy was found to be a useful tool for staging 
advanced GC. It was more effective especially in detecting peritoneal 
metastasis. Three clinical characteristics were found to be the risk factors of 
P-positive advanced GC.

Applications 
This study suggests that staging laparoscopy has a better performance in 
staging advanced GC. Undergoing staging laparoscopy prior to open surgery 
can help to decrease unnecessary exploratory laparotomy.

Terminology
The weighted Kappa statistic value provides a measure of the agreement 
between two scorers that classify observations into one of several groups. The 
range of the weighted Kappa value is from 0 to 1. When the value approaches 
1, the agreement is closer to the gold standard. Youden’s index was suggested 
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as when the test is useless. A value of one indicates that there are no false 
positives or false negatives, such as when the test is perfect.
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surgery can help decrease unnecessary exploratory laparotomy. Tumor size 
(≥ 40 mm), depth of tumor invasion (T4b), and Borrmann type (Ⅲ or Ⅳ) are 
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