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Background: Accurate staging is critical for optimal management of gastric cancer. This study
ascertained the diagnostic accuracy as well as agreement between endoscopic ultrasound (EUS)
and staging laparoscopy in patients with locally advanced gastric cancer in southeastern Iran.
Materials & Methods: In this diagnostic test evaluation study, 83 patients with histologically
confirmed gastric adenocarcinoma underwent both EUS and staging laparoscopy between October
2023 and June 2024 at two tertiary centers in Kerman, Iran. Laparoscopy, capable of detecting
occult peritoneal metastases, was considered the reference standard. EUS performance was
appraised through sensitivity, specificity, predictive values, and area under the ROC curve.
Concordance between modalities was determined using Cohen’s kappa. Subgroup analyses
captured tumor size, location, and Helicobacter pylori infection status.

Results: The mean patient age was 64.99 years; 61.4% were male. EUS staged 47.3% as stage Il
and 52.7% as stage Ill, while laparoscopy identified 42.2% as stage Il, 56.6% as stage Ill, and
1.2% as stage IV. Agreement for overall staging (Stage Il vs. 111/1V) was 94% (kappa = 0.88; 95%
Cl: 0.77-0.98). EUS indicated 91.7% sensitivity, 100% specificity, 100% PPV, and 89.7% NPV.
Agreement was strongest in patients with tumors >5 cm (kappa = 0.91), distal/mid-gastric tumors
(kappa = 0.90), and H. pylori-positive cases (kappa = 0.95).

Conclusions: While EUS and laparoscopy revealed excellent concordance, laparoscopy detected
additional metastases in 6% of cases. A selective combined approach may ameliorate staging
accuracy in resource-limited settings.
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Introduction

Gastric cancer remains a significant global health
the fifth most

challenge, ranking as

advanced stages in this region, which heightens
diagnostic and therapeutic complexity and poses a
considerable burden on public health systems [3, 4]. In
such contexts, timely and accurate staging of the disease

common

malignancy as well as the third leading cause of cancer-
related death worldwide [1]. In Iran, especially in the
southeast region, the incidence is notably high, with an
age-standardized rate of 22.9 per 100,000 population
[2]. Unfortunately, gastric cancer is often diagnosed at
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is essential for both guiding treatment decisions and
improving patient outcomes.

Endoscopic ultrasound (EUS) and staging laparoscopy
are two essential diagnostic modalities utilized in the
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clinical evaluation of gastric cancer. These tools play a
key role in determining tumor depth (T), lymph node
involvement (N), and the presence of occult peritoneal
metastases. Accurate staging allows for better selection
of therapeutic strategies, helps prevent unnecessary
surgeries, and avoids ineffective or harmful treatments.
In low- and middle-income countries (LMICs), where
healthcare resources are limited, optimizing diagnostic
performance is even more critical to ensure both clinical
efficacy and cost-effectiveness [5].

Several international studies have tested the diagnostic
value of EUS and laparoscopy either individually or in
combination [6, 7]. For instance, Sacerdotianu et al.
(2022) reported EUS overall accuracy for T staging
58.53%, with the highest sensitivity reached for the T4
stage, 95.83%, while laparoscopy presented occult
peritoneal metastases in 10% of cases [8, 9]. Mocellin et
al. (2015) found that combining the two modalities
boosted overall diagnostic accuracy to more than 90%
[10]. Likewise, a systematic review and meta-analysis
demonstrated that staging laparoscopy had an overall
sensitivity of 84.6% and specificity of 100% for
detecting peritoneal metastases in gastric cancer [11]. In
spite of these findings, the routine use of laparoscopy
remains debated in some clinical settings, particularly
due to logistical and financial barriers [12].

In an lIranian study, endoscopic ultrasonography
demonstrated an overall accuracy of 67.9% for T
staging (depth of tumor invasion) and 75.4% for N
staging (nodal involvement) in patients with gastric
cancer, while staging laparoscopy remains valuable for
detecting occult peritoneal metastases missed by
conventional imaging modalities [13]. Nevertheless,
there is still a paucity of data appraising the diagnostic
accuracy of these two modalities in combination,
especially in real-world settings of LMICs [11, 14].
Important knowledge gaps remain: few studies directly
compare EUS and laparoscopy in unselected clinical
populations, explore test performance by tumor
characteristics, or apply robust statistical approaches
such as ROC curve analysis. Further, guidance is
lacking regarding the preferred initial staging method in
resource-limited, high-volume referral centers where
most patients present with advanced diseases [6-13].
Considering these research gaps—particularly the
limited data on diagnostic accuracy comparisons
between EUS and laparoscopy in real-world settings of
low-resource countries—this study aimed to ascertain
the diagnostic performance and agreement between
endoscopic ultrasound (EUS) and staging laparoscopy
in patients with locally advanced gastric cancer.
Laparoscopy was considered the reference standard
owing to its higher sensitivity in detecting peritoneal
metastases. The findings are expected to inform clinical
decision-making and optimize staging strategies in high-
burden, resource-limited environments.
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Materials and Methods

This diagnostic accuracy and agreement study was
performed at Afzalipour and Shahid Bahonar Hospitals,
two tertiary referral centers affiliated with Kerman
University of Medical Sciences in southeast Iran. These
public hospitals provide specialized diagnostic and
therapeutic services for gastrointestinal malignancies
and serve a wide catchment area, including the
provinces of Kerman, Sistan and Baluchestan,
Hormozgan, and South Khorasan. Both centers are
equipped with advanced imaging modalities and staffed
by experienced gastrointestinal specialists, making them
well-suited for conducting diagnostic test evaluations.

A total of 124 patients with histologically confirmed
gastric adenocarcinoma were initially evaluated
between October 2023 and June 2024. Of these, 41
patients were excluded based on the following criteria:
presence of distant metastases on initial CT imaging (n
= 19), early-stage disease (T1-T2) identified on EUS (n
= 8), incomplete staging data or absence of either EUS
or laparoscopy (n = 9), and non-adenocarcinoma
histology (n = 5). Hence, 83 patients fulfilled the final
inclusion criteria and were analyzed. Fig. 1 presents the
flowchart of patient selection, including inclusion and
exclusion criteria.

This research was a retrospective diagnostic accuracy
study; however, a post-hoc power calculation using
STATA confirmed that the sample size (n = 83)
provided over 80% power to detect statistically
significant differences in diagnostic performance
between EUS and laparoscopy, assuming a medium
effect size and a = 0.05 (two-tailed).

Diagnostic Procedures

Endoscopic  Ultrasound (EUS): All EUS
procedures were performed using a linear
echoendoscope (e.g., Olympus GF-UCT180 or
equivalent) under conscious sedation. Experienced
gastroenterologists (each with over 5 years of post-
fellowship experience in interventional EUS) performed
the examinations. The procedure involved a systematic
assessment of the gastric wall layers to determine the
depth of tumor invasion (T stage) as well as
identification of perigastric and celiac axis lymph nodes
for assessing nodal involvement (N stage). Criteria for
malignant lymph nodes included round shape,
hypoechoic texture, sharp borders, and size >1 cm. The
entire staging was documented according to the 8th
edition of the American Joint Committee on Cancer
(AJCC) TNM classification system [15].

Staging Laparoscopy: Staging laparoscopy was
performed in the operating room under general
anesthesia by fellowship-trained surgical oncologists
using a standardized protocol. Following insufflation
and placement of trocars (typically via three-port
access), a systematic exploration of the peritoneal
cavity, anterior and posterior liver surfaces,
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diaphragm, lesser sac, omentum, and pelvis was
conducted. Peritoneal lavage was conducted for
cytology. Any  suspicious  lesions  (nodules,
discolorations, thickening) were biopsied and sent for
frozen section or histopathologic confirmation [16]. The
findings were documented and compared with those
from EUS. If distant metastases (M1 disease) were
confirmed, the patient was referred for non-surgical
management [16].

TNM Classification: Tumors were staged according
to the TNM classification system. For T staging,
tumors were categorized based on the depth of invasion
as follows: T1la indicated invasion limited to the lamina
propria or muscularis mucosae; T1lb involved the
submucosa; T2 extended into the muscularis propria;
T3 reached the subserosal layer; and T4 denoted
invasion into the serosa (T4a) or adjacent structures
(T4b) [15].

For N staging, nodal involvement was classified as NO
when no regional lymph node metastases were
observed, N1 for 1-2 positive nodes, N2 for 3-6 nodes,
N3a for 7-15 nodes, and N3b when more than 15
regional lymph nodes were involved. M staging is

distinguished between MO (no evidence of distant
metastasis) and M1 (presence of distant metastasis)
[17].

We analyzed data using SPSS v26 and STATA v17.
Cohen’s kappa was utilized to assess agreement
between EUS and laparoscopy, supplemented by
diagnostic accuracy metrics and McNemar’s test to
compare discordant cases. Sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), overall accuracy, and the area under the
receiver operating characteristic curve (AUC) were
calculated, where laparoscopy served as the reference
standard. Cohen’s kappa was supplemented with
weighted kappa and Gwet’s AC1 to address potential
biases in agreement analysis, especially given the small
number of upstaged cases [9]. A power calculation was
carried out to justify the sample size (n = 83),
confirming 80% power to detect a statistically
significant difference in diagnostic accuracy (alpha =
0.05, two-tailed), assuming a moderate effect size [10].
Subgroup analyses were undertaken to ascertain
diagnostic agreement across tumor size, location, and H.
pylori status (Table 4). A p-value < 0.05 was considered
statistically significant for all tests.

Patients referred with a diagnosis of gastric cancer to oncology center

(October 2023 - Tune 2024 ) (n=124)

v

Screened for eligibility

r

Excluded: Evidence of distant metastasis on initial CT mmaging (n=19)

Excluded: Early-stage disease (T1-T2) based on EUS findings (n=8)

Excluded: Incomplete staging data or did not undergo both EUS and laparoscopy (n=9)

l

Excluded: Non-adenocarcinoma gastric malignancies (n=5)

Patients meeting inclusion criteria and enrolled for final analysis (n=83)

Fig. 1. Flowchart of Patient Selection for the Study

Results

A total of 83 patients were included in the study, with a
mean age of 64.99+9.84 years (range: 36-82), and
61.4% of the participants were male. The risk factor
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profile of the study population presented a history of
smoking in 22.9% of patients, previous endoscopy in
16.9%, and Helicobacter pylori infection in 12.0%.
None of the patients reported alcohol consumption
(Table 1).
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Table 1. Demographic Characteristics and Disease Stage Distribution Based on EUS and Laparoscopy in Patients with Gastric

Cancer (n = 83)

Characteristic

Value / Frequency (%)

Age (years), mean £+ SD 64.99 + 9.84
Age range (years) 36-82
Male 51 (61.4
Gender Female 32 E38.6§
Smoking history 19 (22.9)
Family history 5 (6.0)
Risk factors Helicobacter pylori infection 10 (12.0)
Previous endoscopy 14 (16.9)
Alcohol consumption 0 (0)
T3 51 (61.4)
T4 32 (38.6)
. N1 58 (69.9
EUS TNM Staging N2 25 E30_1§
MO 83 (100)
M1 0 (0)
Stage | 0(0)
Overall Stage by EUS Sstjlgee IIIII 22 Eg;g;
Stage IV 0 (0)
Stage | 0(0)
Overall Stage by Laparoscopy ;?3; IIIII 23 222(25;
Stage IV 1(1.2)

According to endoscopic ultrasound (EUS) assessment,
61.4% of patients were staged as T3 and 38.6% as T4.
Nodal involvement was reported as N1 in 69.9% and N2
in 30.1%, whereas all patients were classified as MO
based on EUS. Regarding TNM stage grouping by EUS,
no patients were classified as stage | or IV. Instead,
47.0% of patients were placed in stage Il and 53.0% in
stage Ill. In comparison, laparoscopic staging
categorized 42.2% of patients as stage 11, 56.6% as stage
I, and 1.2% (n = 1) as stage IV (Table 1).

Table 2. Diagnostic Performance of EUS for Each Stage Compared to

In order to ascertain the diagnostic accuracy of EUS,
laparoscopic staging was considered the reference
standard. When distinguishing advanced-stage disease
(Stage Il or 1V) from early-stage disease (Stage II),
EUS revealed a sensitivity of 91.7%, specificity of
100%, positive predictive value (PPV) of 100%, and
negative predictive value (NPV) of 89.7% (Table 2).
These values indicate that EUS has high diagnostic
performance in distinguishing advanced gastric cancer
from non-advanced cases.

Laparoscopic Staging

95% CI (for

Sensitivity Specificity PPV NPV Cohen’'s Kappa or
Stage TP FPFN TN (%) (%) %) (%) Kappa Metric),
(P-value)
1 35 0 4 44 89.7 100 100 91.7 — —
"ni-1v 44 0 4 35 91.7 100 100 89.7
S o o o o (0.77-0.98),
Overall 0.88 (p < 0.001)

TP = True Positive: Cases correctly classified as advanced stage (I11-1V)
FP = False Positive: Cases incorrectly classified as advanced by EUS
TN = True Negative: Cases correctly classified as early stage (I-11)

FN = False Negative: Advanced cases missed by EUS

Statistical tests used: Sensitivity, specificity, PPV, and NPV were cal

culated using standard diagnostic test formulas. Kappa statistics were

used to assess agreement between EUS and laparoscopic staging. Confidence intervals were calculated using the Wilson method.
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ROC Curve
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Fig. 2. Receiver Operating Characteristic (ROC) Curve of Tumor Size for Predicting Advanced Gastric Cancer Stage Detected by
Laparoscopy. AUC was 0.938 (95% CI: 0.890-0.985, p < 0.001).

Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the ability of tumor size to
predict advanced-stage gastric cancer (Stage -1V
versus Stage 1) based on laparoscopic staging. The area
under the ROC curve (AUC) was 0.938 (95% CI:
0.890-0.985, p < 0.001), demonstrating excellent
discriminative ability (Fig. 2). These findings indicate
that increasing tumor size is strongly associated with

laparoscopy.

Table 3 presents the cross-tabulation of staging results
obtained by endoscopic ultrasound (EUS) and staging
laparoscopy. Overall, a high level of agreement was
observed between the two modalities in distinguishing
Stage Il from Stage I1I/IV disease. Most patients were
consistently classified across both methods, with only a
small number of discordant cases identified during

advanced-stage disease detected during staging laparoscopic assessment.

Table 3. Contingency Table of EUS versus Laparoscopic Staging

Laparoscopic stage

EUS stage T m v Total
1 35 4 0 39
i 0 43 1 44
Total 35 47 1 83

Cohen's kappa coefficient: 0.88 (95% CI: 0.77-0.98, p<0.001)

Statistical tests used: Cohen’s kappa coefficient was computed to assess the level of agreement between staging modalities. P-value derived from

test of agreement (two-tailed).

The overall agreement between EUS and laparoscopy in
TNM staging (Stage 1I vs. IVIV) was 94.0%. Cohen’s
kappa coefficient was 0.88 (95% CI: 0.77-0.98,
p<0.001), reflecting near-perfect agreement between
the two modalities.

Subgroup analyses further supported the robustness of
this agreement across different demographic and tumor-
related factors (Table 4). The largest kappa values were
observed among patients with tumor size >5 cm (kappa
= 0.91), those with distal or mid-gastric tumors (kappa =
0.90), and H. pylori-positive individuals (kappa = 0.95).
Agreement was also consistent among males (kappa =
0.89), females (kappa = 0.88), patients aged <65 years
(kappa = 0.87), and those with a history of smoking
(kappa = 0.85). Laparoscopy led to upstaging in five

JOHE, Winter 2026; 15 (1)

patients (6.0% of cases). Four patients were upstaged
from Stage Il to Il based on peritoneal seeding
identified in the omentum and pelvic peritoneum,
whereas one patient was upstaged to Stage IV because
of biopsy-confirmed liver metastases. These findings
highlight the added clinical value of staging laparoscopy
in identifying peritoneal or hepatic involvement that
may not be visible on EUS, and which could alter
clinical management from curative surgery to
neoadjuvant chemotherapy or palliative approaches.
Nevertheless, since no pathological verification was
available for nodal staging, the accuracy metrics for N
staging could not be calculated. Future studies with
surgical or histopathologic follow-up are required to
validate EUS findings in nodal assessment.
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Table 4. Subgroup Analysis of Agreement

Subgroup N Kappa 95% CI
Tumor size <5 cm 29 0.83 0.68-0.98
Tumor size >5 cm 54 0.91 0.82-1.00
Distal/mid-gastric 62 0.90 0.80-1.00

Proximal 21 0.84 0.67-1.00

H. pylori positive 10 0.95 0.85-1.00
Age <65 years 45 0.87 0.75-0.99
Age >65 years 38 0.89 0.78-1.00
Male 51 0.89 0.78-1.00
Female 32 0.88 0.76-1.00
Smoking history 19 0.85 0.70-1.00

Statistical tests used: Subgroup-specific Cohen’s kappa values and 95% confidence intervals were calculated using the Fleiss-Cohen method. No
formal statistical test for subgroup comparison was applied due to sample size limitations.

Discussion

This study appraised the diagnostic accuracy and
staging agreement between endoscopic ultrasound
(EUS) and staging laparoscopy in patients with gastric
cancer in southeast Iran. Our findings revealed a strong
agreement (x = 0.88, 95% CI. 0.77-0.98, p < 0.001)
between the two modalities in distinguishing stage Il
versus stage III/IV disease, signaling a high level of
concordance. Nevertheless, staging laparoscopy led to
upstaging 6% of patients owing to the detection of
peritoneal or liver metastases that were missed in EUS.
This underscores the clinical value of laparoscopy in
revealing occult advanced disease that may alter
therapeutic plans.

Several previous studies support our findings,
considering the limitations of EUS in detecting
peritoneal dissemination. For instance, Levy et al.
(2015) and Lee et al. (2005) reported that while EUS is
useful for ascertaining T and N stages, it often fails to
identify serosal invasion or peritoneal metastasis [18,
19]. Likewise, Van Hootegem et al. (2025) emphasized
that staging laparoscopy has superior sensitivity for
detecting small-volume peritoneal spread, which can be
missed by imaging alone [20]. These studies concur
with our finding that EUS, though valuable for
locoregional staging, is insufficient as a standalone tool
for comprehensive staging in advanced gastric cancer.

A meta-analysis by Puli et al. (2008) also reported high
diagnostic performance of EUS in appraising T3/T4
tumors but noted lowered accuracy when distant
metastasis is present [17]. Further, Ding et al. (2013)
highlighted that EUS accuracy is affected by operator
expertise, tumor location, as well as the presence of
ascites or serosal involvement—all potential sources of
variability in real-world settings like ours [21].

In contrast, some studies, such as those by Mocellin et
al. (2011) and Nucci et al. (2023), documented higher
staging concordance (x > 0.90) between EUS and
surgical or laparoscopic staging. These differences may
emanate from more selective inclusion criteria or
exclusion of patients with advanced or metastatic
disease, thus artificially enhancing EUS performance in
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earlier-stage cancers [4, 22]. In contrast, our study
reflects a real-world clinical population with mostly
locally advanced disease, which heightens the staging
challenge.

A unique finding in our study was the low observed
prevalence of Helicobacter pylori infection (12%). This
is notably lower than previous national studies in Iran,
which reported H. pylori prevalence rates of 60-80% in
adults [23, 24]. Possible explanations include
undocumented prior antibiotic use, histologic masking
of infection in late-stage cancers, or underreporting in
clinical records. This discrepancy highlights the need
for more systematic documentation of infection status in
oncology registries.

Taken together, these findings support the usage of a
complementary staging strategy using both EUS and
laparoscopy [25]. While EUS remains essential for
ascertaining locoregional invasion and
lymphadenopathy, it should not be solely relied upon to
rule out peritoneal metastases. Diagnostic laparoscopy
remains critical, especially in patients who are surgical
candidates or are being considered for neoadjuvant
chemotherapy.

This study offered several notable strengths. By
focusing on a region with limited data on gastric cancer
staging [26], it addressed a critical gap in the literature.
The robust methodology, including the use of
laparoscopy as the reference standard and
comprehensive statistical analyses (e.g., Cohen’s kappa
and ROC curves), could enhance the reliability of the
findings. Further, subgroup analyses based on tumor
size, location, and Helicobacter pylori status would
provide nuanced insights that can guide personalized
clinical decision-making.

Nevertheless, certain limitations  should be
acknowledged to fully interpret the results. As the study
was performed at two tertiary centers in a single
geographic region, its findings may not be fully
generalizable to other populations or healthcare settings.
Further, the absence of long-term follow-up data limits
our ability to appraise the impact of staging
modifications on patient outcomes. In order to address
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these constraints, future prospective multicenter studies
with larger and more diverse cohorts could validate and
extend our findings. Further investigation of the cost-
effectiveness of routine staging laparoscopy in specific
patient subgroups could optimize resource allocation.
Eventually, exploring the integration of emerging
molecular and imaging biomarkers with conventional
staging modalities could further refine diagnostic
algorithms, potentially ameliorating accuracy and
patient outcomes.

Conclusion

This study demonstrated a strong diagnostic agreement
between endoscopic ultrasound (EUS) and staging
laparoscopy for TNM staging (Stage Il vs. 111/1V), with
94.0% concordance (k = 0.88, 95% CI: 0.77-0.98, p <
0.001). Laparoscopy upstaged 6% of cases by detecting
peritoneal or liver metastases missed by EUS, often in
T3 or higher stages, underscoring its role in identifying
occult advanced disease that may alter treatment.
Subgroup analyses revealed a robust agreement,
particularly for tumors >5 cm (x = 0.91) and H. pylori-
positive cases (k = 0.95). The ROC curve (AUC =
0.938) confirmed EUS’s high discriminative ability. A
targeted combined approach could boost accuracy and
cost-effectiveness in resource-limited settings such as
southeastern Iran.
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