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Abstract
Purpose: Complete surgical resection is the main determining factor in the survival of advanced gastric
cancer (AGC) patients, but resection should be avoided in metastatic disease. Peritoneum is a common
site of metastasis and preoperative imaging techniques still fail to detect peritoneal metastasis (PM).
Thus, the aim of this study was to evaluate the role of Staging Laparoscopy (SL) in the staging of AGC
patients in a Western tertiary cancer center.

Methods: We reviewed 130 patients with gastric adenocarcinoma submitted to SL from 2009 to 2020
from a prospective database. Clinicopathological characteristics were analyzed to identify factors
associated with the presence of PM. We also evaluated the accuracy and strength of agreement between
computed tomography (CT) and SL in detecting PM, and the change in treatment strategy after SL.

Results: Among the 130 patients, PM was identi�ed in 66 patients (50.76%) - P1 group. The sensitivity,
speci�city and accuracy of CT in detecting PM were 51,5%, 87,5% and 69.2%, respectively. According to
the Kappa coe�cient, concordance between SL and CT was 38.8%. In multivariate analysis, ascites
(p=0.001) and suspected PM on CT scan (p=0.007) were statistically correlated with the P1 group. In 40
patients (30.8%), staging and treatment plans changed after SL (32 patients avoided unnecessary
laparotomy and 8 patients who were previously considered stage IVb by CT scan were referred for
surgical treatment).

Conclusions: Even with current advances in imaging techniques, SL demonstrated an important role in
the diagnosis of PM and remains valuable for determining the correct therapeutic strategy.

Introduction
Gastric cancer (GC) is the third leading cause of death in the world.[1] The high incidence rates of GC in
East Asian countries led to the adoption of screening strategies such as upper digestive endoscopy,
which results in early diagnosis. On the other hand, in Western countries, most cases are diagnosed in
advanced stages. In Brazil, patients with advanced disease represent around 85% of all GC cases.[2]

Surgery remains the main curative treatment option for advanced gastric cancer (AGC), and gastrectomy
with D2 lymphadenectomy is the standard surgical treatment. However, approximately 15% of patients
have peritoneal metastasis (PM) at diagnosis.[3, 4]

Clinical staging includes upper digestive endoscopy and computed tomography (CT) scan of the chest,
abdomen, and pelvis. However, the accuracy of CT scan to diagnose PM is low.[5] Previous studies have
demonstrated that CT sensitivity for detecting PM ranges from 14 to 59%.[6] In many cases, PM is only
detected during laparotomy, making the indication of gastrectomy questionable. In these situations,
chemotherapy is the standard treatment if the patients are asymptomatic. REGATTA trial demonstrated
that surgical resection followed by chemotherapy does not provide any survival bene�t for incurable AGC
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compared with palliative chemotherapy alone.[7] Thus, surgical resection in those cases only adds risks
of post-surgical complications and delays the onset of chemotherapy.[8]

Staging laparoscopy (SL) in GC was introduced in the early 1980s.[9] It allows detailed inspection of the
entire peritoneal surface, collection of oncotic cytology, identi�cation of suspicious lesions and biopsies.
It can be used both to con�rm suspected peritoneal lesions on imaging studies and to rule out
carcinomatosis prior to neoadjuvant treatment.[8, 10, 11] Several studies have demonstrated its
superiority regarding conventional imaging tests to detect PM. Additionally, SL is a low-invasive treatment
with a low risk of postoperative complications.[12, 13]

However, some discrepancies regarding which patients it should be performed and its importance in
de�ning the therapeutic approach are still subject of discussion. Thus, the aim of this study was to
evaluate the role of SL in the staging of GC patients in a single Western tertiary cancer center.
Additionally, we evaluated the accuracy of SL in relation to CT scan �ndings.

Materials And Methods
We reviewed all patients with GC submitted to SL from 2009 to 2020 from a prospective database. Only
patients with gastric adenocarcinoma were included. Indications for SL were AGC (T3, T4), suspected
peritoneal lesions and staging prior to neoadjuvant chemotherapy. Laparoscopies performed for other
purposes such as in�ammatory acute abdomen, evaluation for recurrence and resectability after
chemotherapy were excluded.

Patients were staged preoperatively through abdominal and pelvis CT scan, upper digestive endoscopy,
and laboratory tests. Clinical characteristics evaluated included age, sex, BMI (body mass index),
preoperative laboratory tests (serum hemoglobin, serum albumin, Neutrophil-Lymphocyte Ratio-NLR[14]),
presence of comorbidities – using Charlson Comorbidity Index (CCI)[15] and American Society of
Anesthesiologists (ASA) classi�cation.[16]

Location of the tumor (classi�ed as cardia, fundus, body, antrum or whole stomach), macroscopic
con�guration (using the JGCA classi�cation, which is based on Borrmann’s classi�cation) and tumor size
were assessed by endoscopic examination.

CT radiological reports were used for tumor staging. CT criteria for staging was based on previous
studies[17–19] and included the following parameters according to the TNM 8th edition:[20]

For depth invasion (T):

            T1: Focal thickening/enhancement of the inner layer

            T2: Complete thickening of the gastric wall, with loss or disruption of a low-attenuation stripe at
the base of the lesion, but a clear and well de�ned outer gastric surface
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            T3: Complete thickening of the gastric wall, with visually impossible discrimination between the
gastric lesion and the outer layer, perigastric fat tissue preserved.

            T4a: Complete thickening of the gastric wall, with irregular or nodular outer layer and perigastric
fat in�ltration.

            T4b: In�ltration of adjacent organs.

Lymph nodes of greater size than 10 mm in the short axis diameter were considered malignant and
recorded as absent or present.

Presence of ascites, signs suggestive of PM (including peritoneal thickening/enhancement,
peritoneal nodules or presence of omental cake), liver metastasis or distant lymph node metastasis
(retropancreatic, pancreaticoduodenal, peripancreatic, superior mesenteric, middle colic, para-aortic,
or retroperitoneal node) were evaluated.

The postoperative follow-up was performed quarterly in the �rst year and every six months in the
following years. Follow-up tests for relapse detection were based on the presence of symptoms. Absence
in appointments for more than 12 months was considered as loss of follow-up. All cases were operated
in a high-volume center by specialized surgeons.

The study was approved by the Hospital’s Ethics Committee and registered online
(https://plataformabrasil.saude.gov.br, CAAE 25512819.1.0000.0065).

Staging Laparoscopy

SL was performed according to the standard technique used at our institution with the patient under
general anesthesia. The �rst 10 mm trocar was placed in the supraumbilical region and a 12 mmHg
pneumoperitoneum was established. Two 5 mm trocars were placed in the right and left lateral abdomen.
The peritoneal cavity was inspected with careful investigation of the stomach surface, liver, diaphragm,
peritoneum, omentum, mesentery, small bowel, and pelvic organs. The omental bursa was also inspected
in cases of high suspicion of involvement (tumors located on the posterior wall of the stomach). Biopsies
were performed for suspicious lesions and sent for pathological examination.

 

Statistical analysis

The Chi-square tests were used for categorical variables and t-tests for continuous variables. The
association of clinical characteristics with the diagnosis of peritoneal carcinomatosis by SL was
analyzed by binary logistic regression analysis, and odds ratios (ORs) with a 95% con�dence interval
(95% CI) were calculated. Signi�cant variables were included in the multivariate model.

https://www.google.com/search?sxsrf=ALeKk02x-2LIyt_JJ5vYM_ANdzGe0PLRAQ:1601314915780&q=visually&spell=1&sa=X&ved=2ahUKEwjJ4On1sozsAhUpD7kGHW3yBTcQBSgAegQICRAr
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The agreement between SL and CT was evaluated using the Kappa statistic. The Kappa coe�cient was
interpreted according to the Landis and Koch criteria,[21] classi�ed as: poor (<1%), slight (1-20%), fair (21-
40%), moderate (41- 60%), substantial (61-80%), almost perfect (81-100%).

Overall survival (OS) was estimated using the method of Kaplan–Meier, and differences in survival were
examined using the Log Rank Test. Survival time (months) was calculated from the date of surgery until
the date of death. The patients alive were censored at the date of the last contact. All tests were two-
tailed, and p<0.05 was considered statistically signi�cant. The analysis was performed using SPSS
software, version 18.0 (SPSS Inc, Chicago, IL).

Results
Clinicopathologicalcharacteristics

In the study period, a total of 130 GC patients who underwent SL were included in this study. The mean
age was 59.6 years (range 24-86), with a mean BMI of 22.5 Kg/m² and male predominance (63,1%). The
majority of patients had cT4 (80%) lesions, positive LN metastasis (85.5%) and had no suspected distant
metastasis (64.6%). The characteristics of the patients are presented in Supplementary Table(Online
Resource 1).

Based on the SL result, patients were divided into two groups: P1 group, represented by 66 patients
(50.76%) with evidence of peritoneal disease, and P0 group, represented by 64 patients (49.23%) with no
evidence of peritoneal disease.

Clinical and pathological characteristics according to the diagnosis of carcinomatosis (P1 and P0
groups) are presented in Table 1. Patients in the P1 group were more likely to have circumferential tumors
(p=0.005), linitis plastica (p=0.001) and to be classi�ed as Lauren's diffuse type (p=0.001). Tumor
stenosis was observed in 25% and 30.3% of patients in P0 and P1 groups, respectively (p=0.499). Three
patients (4.7%) in the P0 group and 5 patients (7.6%) in the P1 group had remnant gastric cancer
(p=0.493). There were no differences in age, sex, BMI, presence of comorbidities and laboratory tests
between groups.

CT staging and imaging analysis

The majority of patients in both groups (P0 and P1) was classi�ed as cT4 and had positive lymph node
metastasis (cN+). Table 2 presents CT scan �ndings (TNM staging, presence of ascites, signs suggestive
of PM, liver metastasis or lymph node involvement) strati�ed by peritoneal disease status. Presence of
PM, ascites and stage cIVb on CT scan were associated with P1 (p<0.05). Neither lymph node nor liver
metastasis was signi�cantly associated with P1.

Accuracy and strength of agreement between CT and SL in detecting PM

https://paperpile.com/c/2URvNq/WEVb
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Of the 130 patients who underwent SL, 42 were classi�ed by CT as positive for PM (P1 CT). Among them,
34 con�rmed PM on subsequent SL (positive predictive value - PPV 81%).

In the remaining 88 patients classi�ed by CT as negative for PM (P0 CT), SL con�rmed absence of PM in
56 patients (negative predictive value - NPV 63.6%).

The sensitivity, speci�city, and diagnostic accuracy calculations for CT detection of PM are presented in
Table 3. Using SL results as reference, the sensitivity and speci�city of CT were 51,5% and 87,5%,
respectively. According to the Kappa coe�cient, concordance between SL and CT in the diagnosis of
carcinomatosis was 38.8%.

The analysis of risk factors for the diagnosis of carcinomatosis by SL demonstrated that ascites
(p=0.001) and suspected PM on CT scan (p=0.007) were statistically correlated with the P1 group in
multivariate analysis. (Table 4)

SLandtreatmentdecisionmaking

Among the 130 patients who underwent SL, 88 patients (67.7%) had no signs of PM on CT scan (P0 CT).
Of these patients, 32 (24.6%) were found to have positive occult peritoneal metastatic disease on SL and
were able to avoid unnecessary laparotomy. On the other hand, of the 42 patients (32.3%) who had
suspected PM on CT scan (P1 CT), SL excluded PM in 8 patients (6.15%). Thus, in 40 patients (30.8%),
staging and treatment plans changed after SL.

TreatmentafterSL

Of the 64 Of patients classi�ed as P0 after SL, 51 (79.6%) were referred for Neoadjuvant Chemotherapy
and 7 patients (10.9%) for upfront surgery. In total, 43 (67.1%) patients underwent surgical treatment.
Thirty-one patients (48.4%) underwent gastrectomy with curative intent, and in two patients the
anatomopathological results of the surgical specimen revealed PM. Another 12 (18.7%) patients had
criteria for non-resectability in the second surgery and underwent palliative surgery (six patients due to
PM and six patients due to invasion of adjacent structures). A total of 8 (12.5%) patients had PM at the
second surgery.

Overallsurvival

When comparing GC patients according to the M status by SL (M1 SL vs M0 SL), the survival of patients
with peritoneal carcinomatosis was signi�cantly worse than those without carcinomatosis (7.5 vs 16.5
months, p<0.001).

When comparing M0 GC according to the method of staging, the mean OS for M0 patients who
underwent SL was superior than patients who did not (16.5 vs 14 months) but without signi�cance
(p=0.121).
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Discussion
Although surgery represents the cornerstone of AGC treatment, it is mainly indicated in the absence of
metastatic disease. Despite the proven value of SL in the diagnosis of PM, there is no consensus yet on
its routine use in clinical practice, and it remains underutilized in the management of GC, with reported
frequencies of less than 25%.[22–26] Thus, the present study was developed to further address this issue
and to highlight the importance of SL in the diagnosis of PM and treatment strategy. In our study, of the
130 patients submitted to SL, PM was found in 66 (50.76%). Additionally, our results regarding the
accuracy of CT scan were consistent with previous studies and con�rmed its limitations in detecting PM,
with 51.5% of sensitivity, 87.5% of speci�city and 69.2% of accuracy.

Even with technological advances in imaging diagnostics, SL still provides a superior ability to inspect
the peritoneal surface. Currently, several guidelines include its use in staging.[27–29] The main objective
is to detect occult PM and other factors that can change the therapeutic strategy, such as the invasion of
adjacent structures and liver metastasis.[8] However, the appropriate selection of patients who are
candidates for SL is still controversial and differs among various institutions. Some recommend it for all
resectable GC (stage IB–III), especially for those who are being considered for neoadjuvant treatment.[28]

Based on previous literature, it is di�cult to de�ne the most appropriate indications for SL, notably due to
the differences in studied populations and inclusion criteria. In Western series, where most cases are
diagnosed in advanced stages, the tendency was to perform it in all patients with AGC. While in Eastern
series, where most patients present with early-stage disease, the recommendation was to perform it
selectively in individuals at high risk for PM.[12, 30, 31] A systematic review carried out by Fukugawa et
al. found that, in Japanese institutions, SL evidenced positive �ndings in 42.7% to 53.4% of the cases,
higher than in other countries (7.8% to 40%). This discrepancy was partly because they had a greater
selection of patients at risk for PM.[8] In our study, PM was found in 66 patients (50.8%) submitted to SL,
which is also a higher number compared to previous studies, mainly due to the same selection bias of
high risk cases.

Some factors are known to increase the poor prognosis of GC and to be related to the presence of PM, as
large Bormann type 3 and Bormann type 4.[13, 32–34] In a prospective cohort study, with pre-speci�ed
indications for SL, Irino et al. found a greater impact, achieving accuracy of 91.5%. Their indications were:
large ≥ 8cm Borrmann type 3, Borrmann type 4, bulky lymph nodes or paraaortic lymph node
involvement and suspicion of PM on CT scan.[12] In our study, presence of ascites (p=0.001) and
suspected PM on CT scan (p=0.007), were independent risk factors for PM (P1 group), suggesting that
patients with these characteristics should always be considered for SL.

In previous systematic review, the use of SL provided a bene�t by changing the treatment in 8.5–59.6% of
cases, sparing patients from unnecessary laparotomy in 8.5–43.8% of cases.[25] These discrepancies
are also partly due to the fact that the studies used different indications for performing SL. Our study
revealed a considerably high percentage of therapeutic strategy change after SL (30.8%), sparing
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laparotomy in 24,6% of the cases and offering surgery to 6,1% of the patients who were previously
considered stage IVb by CT scan.

Di�culties related to the widespread adoption of SL are related to cost, and its invasive risk-prone
procedure.[13, 14, 35–37]. Increasingly restricted availability of scheduling in the operating rooms for a
procedure that requires general anesthesia may also play a role. Regarding the cost-effectiveness of SL,
Kevin et al. (2017) reported that the expected bene�t from avoiding unnecessary laparotomies may be
low compared to the cost of routine use of SL. Nevertheless, it can be good if the procedure yield is high,
especially in those with a high risk of occult PM suggesting a more selective practice.[37]

When comparing survival rates of patients who underwent SL to those staged by tomography, a
difference was observed in the survival curves of M0 patients by tomography versus M0 patients by SL.
Despite the absence of statistical signi�cance, this could represent the impact of under-staging of CT
scan on prognosis. Better selection of patients who are candidates for curative treatment is achieved with
SL and some patients considered M0 by tomography could show occult carcinomatosis, and
consequently worse prognosis and survival. A more signi�cant number of patients should be studied to
assess the statistical difference between the groups.

Despite the high accuracy of SL, of the 64 patients classi�ed as P0 by SL, 8 (12.5%) patients presented
with PM during the second surgery. Some authors reported this outcome as “false negative for SL'', with
rates ranging from 0% to 17.2%.[8, 12, 32, 33, 38] While this corresponds to a failure of SL, it could also
represent a disease progression between SL and the second surgery. The answer, however, remains
unknown.

Our study had some limitations. First, being a retrospective study it carries an inherent selection bias in
indicating patients with a greater suspicion of PM for SL. Additionally, we do not perform second SL after
neoadjuvant chemotherapy. Thus, the percentage of change of conduct is higher than that found in some
other studies. Also, we did not include in the study the evaluation of peritoneal lavage by cytology, since
we do not have the results available for all patients. In addition, in our service, the evaluation of peritoneal
lavage is performed using cytological and immunohistochemical techniques. Until now, molecular
techniques such as RT-PCR for investigating tumor cells in the lavage are not part of our diagnostic
routine. Indeed, previous studies have demonstrated improvements in the sensitivity of peritoneal
washing using molecular diagnosis via reverse transcription-polymerase chain reaction (RT-PCR), being
also useful for predicting the peritoneal recurrence and prognosis.[39, 40]

Notwithstanding the limitations, our study has also important strengths. It represents a 11-year period
Western tertiary single-center experience. Our �ndings demonstrated that SL had a signi�cant impact in
GC staging, especially in the diagnosis of PM, along with its superiority regarding conventional imaging
tests. Patients with peritoneal spread still represent a major challenge in oncology. Currently, clinical
researches related to effective strategies to improve long-term survival are underway and novel
intraperitoneal chemotherapies have emerged as potential treatment options.[41, 42] According to this
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perspective, recognizing patients with metastasis limited only to the peritoneum, becomes even more
important for best management.[43, 44]

Conclusion
SL demonstrated an important role in the diagnosis of PM, contributing to the choice of the correct
therapeutic strategy for the treatment of AGC. It should be considered for all advanced gastric tumors,
particularly in the presence of ascites and suspected PM on CT scan.
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Variables   P0 SL P1 SL p

    n = 64
(%)

n = 66
(%)

 

Sex       0.553

  Female 22
(34.4)

26 (39.4)  

  Male 42
(65.6)

40 (60.6)  

Age (years)       0.092

  Mean (SD) 61.6
(11.9)

57.5
(15.3)

 

BMI (Kg/m²)       0.719

  Mean (SD) 22.6
(4.8)

22.3
(4.8)

 

Albumin (g/dL)       0.100

  Mean (SD) 3.8 (0.5) 3.6 (0.6)  

Hemoglobin (g/dL)       0.291

  Mean (SD) 10.9
(2.1)

11.4
(2.1)

 

Charlson–Deyo Comorbidity Index
(CCI)

      0.761

  0 47
(73.4)

50 (75.8)  

  ≥1 17
(26.6)

16 (24.2)  

ASA (American Society of
Anesthesiologists)

      0.538

  I/II 44
(68.8)

42 (63.6)  

  III/IV 20
(31.2)

24 (36.4)  

Circumferential lesion       0.005

  Yes 28
(43.8)

45 (68.2)  

  No 36
(56.2)

21 (31.8)  
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Tumor size (cm)       0.210

  Mean (SD) 7.0 (3.2) 7.8 (3.4)  

Linitis plastica       0.001

  Absent 61
(95.3)

49 (74.2)  

  Present 3 (4.7) 17 (25.8)  

Tumor site       0.004

  Antrum / Body 44
(68.8)

36 (54.6)  

  Fundus / cardia 18
(28.1)

15 (22.7)  

  Whole organ 2 (3.1) 15 (22.7)  

Lauren type       0.001

  Intestinal 31
(48.4)

11 (16.7)  

  Diffuse/mixed 29
(45.3)

50 (75.8)  

  Adenocarcinoma (not
speci�ed)

4 (6.2) 5 (7.6)  

Macroscopic Type       0.001

  I 2 (3.1) 0 (0)  

  II 6 (9.4) 2 (3)  

  III 49
(76.6)

39 (59.1)  

  IV 6 (9.4) 21 (31.8)  

  V 1 (1.6) 4 (6.1)  

 

Table 2. CT diagnosis and outcomes of GC  patients according to the diagnosis of carcinomatosis by SL
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Variables   P0 SL P1 SL p

    n = 64 (%) n = 66 (%)  

Presence of Ascites on CT       <0.001

  Absent 51 (79.7) 20 (30.3)  

  Present 13 (20.3) 46 (69.7)  

Peritoneal lesions on CT       <0.001

  No 56 (87.5) 32 (48.5)  

  Yes 8 (12.5) 34 (51.5)  

Liver metastasis on CT       0.496

  No 64 (100) 64 (97)  

  Yes 0 (0) 2 (3)  

cT       0.147

  ≤cT3 17 (26.6) 9 (13.6)  

  cT4a 27 (42.2) 29 (43.9)  

  cT4b 20 (31.2) 28 (42.4)  

cN       0.861

  cN0 9 (14.1) 10 (15.2)  

  cN+ 55 (85.9) 56 (84.8)  

cM       <0.001

  M0 56 (87.5) 28 (42.4)  

  M1 8 (12.5) 38 (57.6)  

cTNM       <0.001

  ≤II  10 (15.6) 4 (6.1)  

  III / IVA 46 (71.9) 23 (34.8)  

  IVB 8 (12.5) 39 (59.1)  

 

Table 3. Comparison between SL and CT staging for carcinomatosis (P1)
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Group P1 SL P0 SL Total Predictive values

P1 CT 34 8 42 34 of 42 - PPV 81.0%

P0 CT 32 56 88 56 of 88 - NPV 63.6%

Total 66 64 130  

  Sensitivity - 34 of 66
(51.5%)

Speci�city - 56 of 64
(87.5%)

  Accuracy 90 of 130
(69.2%)

SL= staging laparoscopy; CT= computed tomography; P1= peritoneal metastasis; PPV= positive
predictive value; NPV= negative predictive value

 

Table 4. Univariate and multivariate analysis of factors associated with the diagnosis of carcinomatosis
by SL (P1 group)

  Univariate   Multivariate  

Variables* OR 95% CI p OR 95% CI p

Age ≥ 65 (vs <65 years) 0.89 0.44 - 1.79 0.746 ─ ─ ─

Male (vs female) 0.81 0.39 - 1.65 0.554 ─ ─ ─

Proximal/whole (vs antrum/body) 1.81 0.89 - 3.75 0.098 ─ ─ ─

Circumferential (vs non-
circumferential)

2.75 1.35 - 5.64 0.006 1.06 0.42 - 2.67 0.898

Linitis plastica (vs absent) 7.05 1.95 -
25.47

0.003 3.21 0.70 -
14.65

0.132

cT4 (vs others) 2.29 0.94 - 5.61 0,070 ─ ─ ─

cN+ (vs cN0) 0.92 0.35 - 2.43 0,861 ─ ─ ─

P1 CT (vs P0) 7.44 3.07 -
18.01

<0.001 3.96 1.45 -
10.81

0.007

Ascites (vs absent) 9.02 4.04 -
20.16

<0.001 4.94 1.98 -
12.35

0.001

Diffuse/mixed (vs other) 3.77 1.79 - 7.97 0.001 2.45 0.99 - 6.05 0.052

OR= odds ratio; CI= con�dence interval; P= Peritoneum; CT= computed tomography
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Figures

Figure 1

SL with macroscopic carcinomatosis. (a) gross peritoneal spread. (b) single node

Figure 2

Change in treatment strategy after SL
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Figure 3

Overall survival for GC patients according to the M status by CT and SL


