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Endoscopic Ultrasound Predicts Risk of Occult Intra-
Abdominal Metastases in Localized Gastric Cancer:
A Validation Study
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Abstract

Background: In gastric cancer (GC) patients without imaging evi-
dence of distant metastasis, diagnostic staging laparoscopy (DSL) is
recommended to detect radiographically occult peritoneal metastasis
(M1). DSL carries a risk for morbidity and its cost-effectiveness is
unclear. Use of endoscopic ultrasound (EUS) to improve patient se-
lection for DSL has been proposed but not validated. We aimed to
validate an EUS-based risk classification system predicting risk for
M1 disease.

Methods: We retrospectively identified all GC patients without posi-
tron emission tomography (PET)/computed tomography (CT) evi-
dence of distant metastasis who underwent staging EUS followed by
DSL between 2010 and 2020. T1-2, NO disease was EUS “low-risk”;
T3-4 and/or N+ disease was “high-risk”.

Results: A total of 68 patients met inclusion criteria. DSL identi-
fied radiographically occult M1 disease in 17 patients (25%). Most
patients had EUS T3 tumors (n = 59, 87%) and 48 (71%) patients
were node-positive (N+). Five (7%) patients were classified EUS
“low-risk” and 63 (93%) were classified “high-risk”. Of 63 “high-
risk” patients, 17 (27%) had M1 disease. The ability of “low-risk”
EUS to predict MO disease at laparoscopy was 100% and DSL would
have been avoided in five patients (7%). This stratification algorithm
showed a sensitivity of 100% (95% confidence interval (CI): 80.5-
100%) and a specificity of 9.8% (95% CI: 3.3-21.4%).

Conclusions: Use of an EUS-based risk classification system in GC
patients without imaging evidence of metastasis helps identify a sub-
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set of patients at low-risk for laparoscopic M1 disease who may avoid
DSL and proceed directly to neoadjuvant chemotherapy or resection
with curative intent. Larger, prospective studies are needed to validate
these findings.
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Introduction

Gastric cancer (GC) is the fifth most commonly diagnosed
cancer in the world, affecting at least 1 million people world-
wide in 2018 [1]. In the United States, an estimated 27,600
cases are expected to be diagnosed in 2020 with at least 11,010
deaths [2]. Outside of countries with established screening
programs, GC is often detected at an advanced stage with a
high fatality rate estimated to be around 75% [3]. At diagnosis,
staging cross-sectional imaging with computed tomography
(CT) and/or magnetic resonance imaging (MRI) is used to as-
sess for metastatic disease and endoscopic ultrasound (EUS)
is recommended for accurate staging including assessment for
local lymph node involvement. Patients found to have non-
metastatic, localized GC can be offered surgical resection with
curative intent.

While the ability of cross-sectional imaging to ascertain
distant metastases has improved in recent decades, both CT
and MRI continue to lack adequate sensitivity to detect small
metastatic deposits on the peritoneal or liver surface [4]. PET/
CT is also increasingly used by some centers, but its use re-
mains limited outside of identification of distant hematogenous
metastasis due to its limited spatial resolution and high false-
positive rate [S]. As such, both the US-based National Com-
prehensive Cancer Network (NCCN) [6] and European Soci-
ety for Medical Oncology (ESMO) [7] guidelines recommend
the selective use of diagnostic staging laparoscopy (DSL) with
or without peritoneal washings to assess for radiographically
occult metastatic disease (M 1) which would preclude curative
resection in those with locally advanced GC.

While DSL spares patients with radiographically occult
M1 disease unnecessary laparotomy, it is not without its costs
and associated morbidity. A recent cost-effectiveness analysis
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found DSL not to be cost-effective unless it is used selectively
where the procedure yield is expected to be high [8]. It re-
mains unclear what factors may improve patient selection for
DSL and which patients may proceed directly to curative lapa-
rotomy. Power et al have previously [9] reported on the value
of EUS to risk stratify patients into “low-risk” and “high-risk”
groups based on EUS TNM staging. In their 2009 study, the
authors found that patients considered “low-risk” by EUS cri-
teria (T1-2 tumor and NO nodal status) had only a 4% chance
of having radiographically occult M1 disease at DSL, with a
negative predictive value of 96%. All other patients (T3-4 and/
or N+) were considered “high-risk” and had a 25% risk of M1
disease at DSL. They proposed that following validation, their
staging algorithm may allow those with “low-risk” disease to
proceed directly to resection.

The aim of our study was to validate an EUS-based stag-
ing algorithm classifying GC patients without positron emis-
sion tomography (PET)/CT imaging evidence of metastasis as
high or low risk for peritoneal metastasis on DSL.

Materials and Methods

The study included patients treated at the University of Chi-
cago Medicine between 2010 and 2020 with pathologically
confirmed gastric adenocarcinoma without PET/CT evidence
of distant metastasis who had had staging EUS followed by
DSL. Institutional review board approval was obtained from
the University of Chicago IRB (IRB Study #11-0721-CR010).
Data were collected by manual chart review and only patients
with complete data were included.

All included patients had undergone cross-sectional imag-
ing of the chest, abdomen, and pelvis (PET/CT with oral and
intravenous contrast) and did not have findings suggestive of
distant metastasis. Patients subsequently underwent esophago-
gastroduodenoscopy (EGD) with a forward-viewing endoscope
to document the morphology and location of the tumor. This
was followed by EUS in standard fashion using radial echoen-
doscopes from Olympus USA (Center Valley, PA) as indicated
to obtain adequate images. Images were interpreted by experi-
enced advanced endoscopists at the time of the procedure. TNM
staging was based on the seventh edition of the American Joint
Committee on Cancer (AJCC) Cancer Staging Manual for GC
[10]. Lesions were considered T1 if they invade up to the sub-
mucosa (layer 3), T2 if they invade up the muscularis propria
and up to the subserosa (layer 4), T3 if they invade the serosa
(layer 5), and T4 if they invade into adjacent structures. Lymph
nodes were considered to be malignant if they were larger than
5 mm, hypoechoic, round, and well-delineated. As previously
reported [9], EUS was used to stratify patients into “low-risk”
or “high-risk” for laparoscopic M1 disease. Patients were con-
sidered to be “low-risk” if they were found to have T1-2, NO
disease, and considered “high-risk” if they were found to have
T3-4 and/or node positive (N+) disease. N status was assessed at
standard lower thoracic and abdominal EUS stations including
the paraesophageal, lesser curvature, celiac trunk, mid gastric
body and gastric antrum. Figure 1a, b shows EUS findings in a
patient classified as “high-risk”.
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All patients underwent DSL. This was performed in a stand-
ard fashion for all patients by placing a 5-mm port through the
abdominal wall under direct visualization, followed by insuf-
flation of the peritoneal cavity to 15 mm Hg using CO, gas fol-
lowed by complete visualization of the stomach, liver, and entire
peritoneal surface. Additional ports were placed in the right and
left upper quadrants if required. Peritoneal fluid washings were
obtained from the left upper quadrant, right upper quadrant, and
pelvis after the instillation of 500 mL of sterile saline into the
peritoneal cavity. M1 disease was defined as the presence of
pathologically confirmed metastases and/or positive cytology
(Fig. 2) not apparent on pre-laparoscopic staging imaging.

Sensitivity was calculated in standard fashion as (true
positive/(true positive+false negative)) and specificity as
(true negative/(true negative + false positive)). Pooled sensitiv-
ity and specificity analysis was performed by combining data
from this study and data from the original Power et al study to
generate pooled sensitivity and specifity estimates. Compari-
sons of categorical variables were performed using Pearson’s
Chi-square or Fisher’s exact test, as appropriate. Continuous
parametric variables were compared with Student’s ¢-test and
non-parametric variables with the Mann-Whitney U test. A
P-value < 0.05 was considered statistically significant and all
tests were two-tailed. Stata version 15.0 (Stata Corp., College
Station, TX) was used for all statistical analyses.

Results

Sixty-eight patients met our inclusion criteria. Diagnostic lap-
aroscopy identified radiographically occult metastatic disease
in 17 patients (25%). Sixteen patients had positive cytology
(M1 cyt+), five of which also had visible peritoneal/organ me-
tastasis, and only one patient had visible peritoneal metastasis
with negative cytology (M1 cyt-).

Patient and tumor characteristics are outlined in Table 1.
Overall, 42 patients (62%) were male, and the median age was
64 years with a range of 16 - 87 years. The majority of patients
(n =34, 50%) were Caucasian and 28% (n = 19) were African
American. Tumors were most commonly located in the gastric
body (37%) and antrum (31%), with a majority (n = 53, 78%)
demonstrating poorly differentiated histology. No significant
differences in baseline patient characteristics, tumor location
or histology were noted between laparoscopic MO and M1 dis-
ease patients.

Morphologically, an ulcerated tumor was noted in 47 pa-
tients (69%) without differences between MO vs. M1 patients
(Table 2). Significantly more laparoscopic M1 patients demon-
strated a linitis plastica appearance (as noted by the endoscopist
and defined as a diffusely thickened gastric wall with a limited
ability to insufflate the stomach during EGD) (47% vs. 18%, P
=0.015) and circumferential gastric involvement (as noted by
the endoscopist and defined as circumferential involvement of
the affected gastric segment by tumor as noted on EGD/EUS)
(65% vs. 33%, P =0.023). On EUS, the majority of patients
had EUS T3 tumors (n = 59, 87%) and 48 patients had N+
disease (71%). No patients were noted to have EUS evidence
of metastases, and only two patients (4%) were found to have
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Figure 1. (a) Radial EUS image of a T3 antral tumor showing normal gastric layers on EUS and the large tumor (between arrow-
heads) disrupting the normal layers and invading through the muscularis propria and into the serosa. This patient was classified
as “high-risk” and ultimately was found to have M1 disease on DSL. (b) Linear EUS image of an N+ tumor showing a malignant
appearing lymph node (arrow). EUS: endoscopic ultrasound; DSL: diagnostic staging laparoscopy.

ascites on EUS and both had MO disease on laparoscopy. Five At DSL, a total of 17 (25%) patients were found to have
(7%) patients were classified as EUS “low-risk” for M1 dis- M1 disease (Table 3). Six (9%) had visible metastatic depos-
ease (T1-T2 and NO) with the remainder (n = 63, 93%) classi- its, four along the peritoneum, one omental, and one with
fied “high-risk” (T3-T4 and/or N+). diaphragmatic caking. Seven patients (10%) had ascites. All
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Figure 2. Cytospin from peritoneal fluid shows a cluster of tumor cells with focal signet ring cell differentiation (arrow) (Papino-

colou stain, x 600).

except one patient underwent diagnostic peritoneal lavage and
16 patients (24%) were found to have positive cytology. Of the
63 “high-risk” by EUS patients, 17 (27%) had laparoscopic
M1 disease (Table 4). No patients identified as “low-risk” by
EUS staging had laparoscopic M1 disease. Thus, the ability of
“low-risk” EUS status to identify MO disease at laparoscopy
was 100%, and DSL would have been avoided in five patients
(7%). The test characteristics of this stratification algorithm
showed sensitivity of 100% (95% confidence interval (CI):
80.5-100%), specificity of 9.8% (95% CI: 3.3-21.4%), a posi-
tive predictive value of 26.9% (95% CI: 25.2-28.8%), and a
negative predictive value of 100%.

Pooled analysis

In a total of 94 GC patients without PET/CT evidence of me-
tastasis identified in the original study by Power et al [9], 68
patients were identified as EUS “high-risk”, and of those 17
(25%) had laparoscopic M1 disease. Of the remaining 26 EUS
“low-risk” patients, only one (4%) had laparoscopic M1 dis-
ease. We pooled data from the Power et al study with ours to
generate pooled sensitivity and specificity with 95% Cls. Over-
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all, pooled test characteristics from the combined 168 patients
showed a sensitivity of 97.1% (95% CI: 85-99.9%), a specific-
ity of 23.6% (95% CI: 16.5-31.9%) and an overall test accuracy
0f 39.5% (95% CI: 31.9-47.5%). A total of 31 patients (18.4%)
would have avoided DSL and proceeded directly to laparotomy,
only one of which would be noted to have intra-peritoneal me-
tastasis (from the original Power et al cohort).

Sensitivity analysis

Given some concerns about the operator dependency of EUS
in the determination of EUS N stage in the literature, we per-
formed a sensitivity analysis using only patient T status with-
out their N status to determine their risk group. Our findings
were nearly identical, since only one patient who had a T2 N1
tumor moved into a “low risk” category, but was found to have
MO disease at DSL.

Discussion

In this retrospective analysis of 68 GC patients without PET/
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Table 1. Patient and Tumor Characteristics

Characteristic Overall (n = 68) Laparoscopy MO0 (n = 51) Laparoscopy M1 (n =17) P-value
Gender 0.773
Male 42 (62%) 31 (61%) 11 (65%)
Female 26 (38%) 20 (39%) 6 (35%)
Age (years)
Median (range) 64 (16 - 87) 65 (16 - 87) 64 (45 - 80) 0.639
> 60 47 (69%) 36 (71%) 11 (65%) 0.649
Ethnicity/race 0.370
Caucasian (White) 34 (50%) 26 (51%) 8 (47%)
African American 19 (28%) 16 (31%) 3 (18%)
Hispanic 8 (12%) 4 (8%) 4 (24%)
Asian 6 (9%) 4 (8%) 2 (12%)
Native American 1 (1%) 1 (2%) 0
Tumor location 0.088
Body 25 (37%) 20 (39%) 5 (29%)
Antrum 21 (31%) 16 (31%) 5(29%)
Whole stomach 13 (19%) 6 (12%) 7 (42%)
Cardia 6 (9%) 6 (12%) 0
GEJ 3 (4%) 3 (6%) 0
Histology
Adenocarcinoma 67 (99%) 50 (98%) 17 (100%)
Laurens classification 0.495
Diffuse 28 (41%) 20 (39%) 8 (47%)
Intestinal 17 (25%) 15 (29%) 2 (12%)
Not reported 19 (28%) 13 (25%) 6 (35%)
Mixed 4 (6%) 3 (6%) 1 (6%)
Histologic differentiation 0.317
G1: Well-differentiated 1 (1%) 1 (2%) 0
G2: Moderately-differentiated 8 (12%) 8 (16%) 0
G3: Poorly-differentiated 53 (78%) 38 (74%) 15 (88%)
Not reported 6 (9%) 4 (8%) 2 (12%)
Signet ring cell morphology 27 (40%) 19 (37%) 8 (47%) 0.474

GEJ: gastroesophageal junction.

CT evidence of distant metastases, we validated an EUS-based,
risk stratification algorithm classifying patients into “low-risk™
and “high-risk” categories for radiographically occult M1 dis-
ease on DSL. The stratification algorithm showed a sensitivity
of 100% and patients stratified as “low-risk” on EUS (T1-T2
and NO) had a 0% chance of having M1 disease on DSL.

To our knowledge, the pilot study by Power et al and our
current validation are the only analyses studying EUS as a risk
stratification tool to improve patient selection for DSL. Power
et al studied 94 patients without radiographic evidence of me-
tastasis and found 19% to have occult M1 disease at laparos-
copy, similar to our observed findings. A minority of patients
(n =26, 28%) in their study had “low-risk” findings on EUS
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(T1-2 and NO) and only one of those (4%) had M1 disease at
DSL. EUS “high-risk” patients (T3-4, N+, or both) were found
to have M1 disease in 25% of cases (similar to our analysis
where we found 27%). These findings, now validated by our
study, suggest that this algorithm is best used to identify those
patients at “low-risk” for M1 disease on DSL, allowing such
a select group to avoid DSL and proceed directly to neoad-
juvant therapy or curative resection. Indeed, when we pooled
our patient-level data with data from the original Power et al
study, we found that from the combined cohort of 168 patients,
a total of 31 patients (18.4%) would have avoided DSL and
proceeded directly to laparotomy, only one of which would
be noted to have intra-peritoneal metastasis (from the original
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Table 2. Endoscopic Characteristics

Characteristic Overall Laparoscopy M0 Laparoscopy M1 P-value
Linitis plastica appearance 17 (25%) 9 (18%) 8 (47%) 0.015*
Ulceration 47 (69%) 36 (71%) 11 (65%) 0.649
Circumferential involvement 28 (41%) 17 (33%) 11 (65%) 0.023*
EUS T stage 0.494
Tl 1 (1%) 1 (2%) 0
T2 5 (7%) 5 (10%) 0
T3 59 (87%) 42 (82%) 17 (100%)
T4 3 (4%) 3 (6%) 0
EUS N stage 0.024*
NO 20 (29%) 18 (36%) 2 (12%)
N1 25 (37%) 15 (29%) 10 (59%)
N2 17 (25%) 15 (29%) 2 (12%)
N3 6 (9%) 3 (6%) 3 (18%)
EUS M stage 1
MO 68 (100%) 51 (100%) 17 (100%)
EUS ascites 2 (3%) 2 (4%) 0 1

*Significant (P < 0.05).

Power et al cohort).

Up to 41% of all GC patients harbor occult intra-abdominal
metastatic disease, despite no identifiable metastatic disease on

Table 3. Diagnostic Laparoscopy Characteristics

Characteristic N %
Peritoneal washing

Negative 51 75

Positive 16 24

Not done 1 1
Positive cytology

Metastatic adenocarcinoma 11 69

Atypical cells 5 31
Visible metastatic disease

No 62 91

Yes 6 9
Location of visible disease

Peritoneum 4 66%

Omentum 17%

Diaphragmatic caking 1 17%
Ascites

No 61 90%

Yes 7 10%
Overall laparoscopic M stage

MO 51 75%

M1 17 25%

preoperative cross-sectional imaging (CT or MRI), PET scans
and/or EUS [11]. Identification of positive cytology has been
found to be the strongest independent preoperative predictor
of GC recurrence and mortality highlighting the importance
of DSL with peritoneal lavage and cytology [12]. Despite the
importance of cytology, we have previously shown that M1
disease may be missed without visual inspection making both
cytological examination and visual inspection critical aspects
of successful DSL [13]. As such, DSL has been advocated by
both US and European guidelines [6, 7] to help patients avert
the morbidity of non-therapeutic laparotomy. National-level
US data suggest up to one-third of patients experience a com-
plication following total gastrectomy for gastric malignancy
and up to 5% die within 30 days [14]. While these rates may
be lower in non-therapeutic laparotomies and at expert centers,
some data suggest a proportion of patients with noted occult
metastases at laparotomy may still undergo palliative gastrec-
tomy or bypass in the same session with subsequent morbidity
and mortality [11].

DSL has been shown to have excellent sensitivity at de-
tecting intra-abdominal metastatic disease; Ramos et al per-
formed a meta-analysis of five studies with 240 participants
and found an overall pooled sensitivity of 84.6% and specific-

Table 4. Endoscopic Ultrasound High-Risk and Low-Risk Sub-
division and Laparoscopic Identification of Occult M1 Disease

Endoscopic ultrasound Laparoscopy M,n  Total, n
1 0

High risk 17 46 63

Low risk 0 5 5

Total 17 51 68
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ity of 100% [15]. However, despite the known benefits of DSL
and data on the futility of attempting gastrectomy in those with
intra-abdominal metastases [16, 17], its use in GC patients has
been limited. In a Canadian study of 2,399 GC patients by Co-
burn et al, only 12.8% underwent DSL [18]. Even lower rates
were noted in a 2011 US population study of 6,388 GC patients
aged 65 and above with only 7.9% of patients undergoing DSL
[11]. However, rates of DSL in the above US study doubled
between 1998 and 2005 indicating increasing uptake of the
procedure by US-based surgeons.

Any discussion of an algorithm invoking EUS to stratify
patients for DSL must take into consideration its diagnostic
accuracy. In a 2015 Cochrane review of EUS T and N staging
in 50 studies and a total of 4,397 GC patients, authors found
excellent sensitivity and specificity in discriminating T1 to T2
from T3 to T4 gastric carcinomas as compared to pathology
evaluation (as the reference standard), at 86% and 90%, re-
spectively [19]. Similarly, sensitivity and specificity for the
metastatic involvement of lymph nodes (N-stage) were 83%
and 67%, respectively. These findings suggest that despite the
operator-dependent nature of many ultrasound-based imaging
modalities, an algorithm using EUS staging criteria to deter-
mine who undergoes DSL can have sufficient sensitivity and
specificity to be used broadly.

While DSL is recommended by society guidelines and its
uptake in the US is increasing, its cost-effectiveness has re-
cently been scrutinized in an analysis by Li et al [8]. In their
analysis of GC patients without imaging evidence of metasta-
sis, they found that preoperative DSL required an investment
of $107,012 per quality-adjusted life year (QALY) and would
only meet cost-effectiveness benchmarks compared to a di-
rect-to-surgery approach if the probability of occult metastases
was greater than 31.5% or when using a preoperative imag-
ing modality with a sensitivity for occult metastases greater
than 86.3%. The pooled sensitivity of “low-risk” EUS stage, as
validated in our analysis, at 97.1% would theoretically allow
DSL to meet standard cost-effectiveness thresholds under most
scenarios, further supporting the use of such a stratification
algorithm. In fact, an estimated $3,890 (range $2,723 - $6,223)
would be saved per “low-risk” patient identified on EUS by
foregeoing DSL (using 2016 US dollars and only including di-
rect costs at Medicare reimbursement levels including provid-
er, facility, and anesthesiology components of payment) [8].

While our primary aim was to validate the EUS-based,
risk stratification algorithm initially proposed by Power et al,
we also performed analyses to identify any endoscopic fea-
tures that may predict M1 disease status. We found signifi-
cantly more laparoscopic M1 patients demonstrated a linitis
plastica appearance (47% vs. 18%, P =0.015) and circumfer-
ential gastric involvement (65% vs. 33%, P = 0.023). Linitis
plastica has been associated with an advanced cancer stage and
found to be a poor marker for survival [20]. The association of
linitis plastica with M1 disease has previously been reported,
with one study finding laparoscopic M1 disease in 77% of all
linitis plastica patients at laparoscopy [21]. As above, circum-
ferential gastric involvement was also found to be a significant
predictor of M1 disease. This is likely a surrogate indicator of
advanced tumor size, which is known to be associated with a
poor prognosis [22]. Taking into account the subjective nature
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of “linitis plastica”, if validated, both of these factors may be
incorporated in future risk assessment scores that include both
endoscopic and ultrasonographic criteria, possibly enhancing
the sensitivity and specificity of the final algorithm.

Our analysis may be limited by its retrospective nature, al-
though we included all GC patients without PET/CT evidence
of metastases at our institution, limiting the scope of possible
selection bias. In fact, external validation using a retrospec-
tive approach is not thought to be inferior to a prospective one
as highlighted by Altman et al in their highly cited reference
article on model validation methods “What do we mean by
validating a prognostic model?” [23]. Optimally, a trial rand-
omizing patients to DSL versus a direct-to-surgery approach
based on EUS findings would provide the best data to support
such an approach. Our study provides additional data that may
facilitate such a future study. Our center being a tertiary refer-
ral facility may have skewed GC cases to a slightly more ad-
vanced stage; only about 9% of our patients had T1-T2 disease
perhaps limiting the generalization of our findings. However,
such a low proportion of early-stage disease is more likely
explained by the delayed nature of GC diagnosis in countries
without an established screening program such as the United
States.

In conclusion, we found that the use of an EUS-based risk
classification system in GC patients without PET/CT evidence
of metastasis may help identify a subset at low-risk for lapa-
roscopic M1 disease with excellent sensitivity. Such patients
may potentially avoid DSL and proceed directly to neoadju-
vant chemotherapy or resection with curative intent. More pro-
spective data are warranted to validate these criteria.
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