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ABSTRACT

Objective: to determine the diagnostic precision of endoscop-
ic ultrasounds (EUS) and magnetic resonance imaging (MRI) in the
preoperative staging of gastric cancer.

Methods: a prospective, blind study was carried out in 17 pa-
tients diagnosed with gastric cancer (GC) using endoscopic biopsy
from November 2002 to June 2003. Patients underwent preop-
erative MRI and EUS. The reference test used was pathology, and
laparotomy for non-resectable cases.

Results: MRI (53%) was better than EUS in the assessment of
gastric wall infiltration (35%). MRI (50%) was also superior to EUS
(42%) for N staging. After pooling stages T1-T2 and T3-T4 to-
gether, results improved for both MRI (67 and 87.5%, respective-
ly) and EUS (67 and 62.5%, respectively) (p < 0.05). N staging
—lymph node invasion— results were correct in 50% for MRI as
compared to EUS (42%). In classifying positive and negative
lymph nodes EUS was superior to MRI (73 versus 54%).

Conclusions: MRI was the best method in the assessment of
gastric wall infiltration. EUS was superior to MRI for T1 staging,
and in the assessment of lymph node infiltration.
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INTRODUCTION

Gastric carcinoma is one of the commonest gastroin-
testinal tumors. The prognosis and survival rate for gas-
tric cancer (GC) is poor in advanced stages (1) (Table I);
449% of patients with stage T2 and 64% of patients with
T3 show lymph node infiltration (2). Surgery is the only
curative treatment, but few patients are resectable at the
time of diagnosis. Moreover, GC surgery has a high mor-
bidity rate, and that is why accurate tumor staging is so
important before surgery.

Table I. Five-year survival of gastric cancer according to the
TNM staging system

TNM stage % survival
I 78%
Il 34%
Il 20%
Y 7%

Currently available among the techniques for preoper-
ative imaging in GC staging is helical computerized to-
mography (CT). The accuracy of CT to disclose wall in-
filtration varies between 25 and 66%, lymph node
infiltration between 25 and 68%, and metastatic disease
identification between 65 and 72% (3). That is the reason
why other diagnostic techniques must be included to im-
prove results in GC staging.

In recent years, magnetic resonance imaging (MRI)
and endoscopic ultrasonography (EUS) have been used
for tumor staging evaluation. MRI has offered similar or
even better results in tumor staging (4,5). EUS has pro-
vided a new dimension for local invasiveness assessment
in esophageal (6) and rectal tumors (7). Some authors
demonstrated that EUS is an adequate procedure with
great diagnostic accuracy in establishing degree of infil-
tration of the gastric wall and lymph nodes in GC (8-10).
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Our aim was to evaluate the accuracy of EUS and MRI
in the preoperative staging of gastric cancer.

MATERIAL AND METHODS

A prospective, blind study was performed to evaluate
the accuracy of EUS and MRI in the preoperative staging
of gastric cancer. It included patients (n = 21) diagnosed
with GC by endoscopic biopsy from November 2002 to
June 2003 in “San Eloy” Hospital. The gold standard test
used for staging was pathological findings in resected cas-
es and laparotomy in non-resectable cases. Exclusion crite-
ria included: patients with pacemakers, claustrophobia, tu-
mors with stenoses that prevented endoscopic progress,
patients with liver and/or lung metastases, a delay of more
than 7 days between the different diagnostic techniques,
and a delay of more than 20 days between the endoscopic
diagnosis and surgery. GC staging was carried out using
the TNM classification -4" edition (11) (Table II).

Table IIl. TNM classification (4™ edition) for gastric cancer

Tis In situ

T Limited to mucosa or submucosa

T2 Muscularis propria involved

T3 Serosal involvement

T4 Invasion outside the stomach

NO No lymph node involvement

N1 Lymph node involvement 3 cm away from primary
tumor

N2 Regional lymph node involvement (left gastric, com-
mon hepatic, celiac, splenic)

N3 Intra-abdominal distant lymph node involvement

(duodenal, mesenteric, para-aortic, retropancreatic)

MO No distant metastasis.

M1 Distant metastasis

Stage Il TINTMO; T2NOMO

Stage |l TIN2MO; T2N1TMO; T3NOMO
Stage Il T2N2MO; T3N1-2MO; T4NO-1TMO
Stage IV T4AN2MO; T1-4N3

Out of the 21 patients included in the study, 19 under-
went surgery.

Surgery was done by two surgeons at the Esophageal-
Gastric Unit. Pathological examination was performed by
an expert pathologist on gastric lesions. The Hospital's
Ethical Committee approved this study. A signed consent
form was obtained from each patient.

All MRI studies were performed by the same radiolo-
gist with wide experience in gastric disease examination.
A 1T magnet with a coil paced array was employed. Pa-
tients were fasted and positioned in supine after taking 400
ml of diluted oral gadolinium (1/10 dilution). No muscle
relaxants were administered. In-phase and out-of-phase T1
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GE sequences were performed (TR:135, TE:3.7, slice
thickness: 7 mm) with breath holds on at least two sec-
tions, always including an axial section from the gastro-
esophageal union to the lower kidney pole; HASTE T2
(TR:1100, TE:120, slice thickness: 5 mm) with breath
holds on all three sections, limited to the stomach, T1
(TR:587, TE:12, slice thickness: 8 mm) and STIR
(TR:5000, TE:60, TI:130, slice thickness: 7-8 mm) axials
from the liver dome to below the kidneys. When required,
oblique coronal and sagittal sections of the tumor were tak-
en in T1 GE sequence, in-phase and out-of-phase. Finally,
an in-phase and out-of-phase GE T1 study was performed
axially with dynamic breath hold using intravenous
gadolinium (TR:135, TE:3.7, thickness: 7 mm). Nodes >
10 mm were considered positive.

EUS was performed by one experienced endoscopist.
EUS involved the use of an EUM20 oblique echo-endo-
scope (Pentax FG-36UX). All patients were also studied
by means of a 12.5 MHz probe. Lymph nodes were con-
sidered positive if larger than 5 mm, round, hypoechoic,
well demarcated, and homogenous (12). No FNA was
performed in association with EUS.

Statistical analysis

Sensitivity, specificity, predictive positive value
(PPV), predictive negative value (PNV), and diagnostic
accuracy for both MRI and EUS, and T and N stage was
carried out by a contingence tetraconic (2 x 2) analysis.
To avoid mathematic artefacts a binomial exact test —Mi-
ettinen's or Fleiss'— was used. A Wilcoxon's signed rank
test was used to demonstrate differences. Results were
considered significant when p < 0.05. Percentile-ex-
pressed values that were not significant included 50% of
CI or 1 for PP quotients and PN quotients.

RESULTS

Nineteen of all 21 patients included were operated upon.
Surgery was not performed on 2 patients —in one case be-
cause the patient was elderly and had comorbidities; in the
other case because the patient had carcinomatous ascites as
confirmed by cytology following puncture. Of all 19 pa-
tients who underwent surgery, 5 cases were non-resectable
due to extensive local infiltration and/or carcinomatosis,
and the adherent lymph nodes in cumuli. All 19 patients un-
derwent MRI studies, and 17 underwent MRI and EUS ex-
aminations. EUS could not be performed in 2 patients be-
cause they would not meet protocol requirements: one had
a delay of more than 7 days; the other had an almost total
stenosis due to an antro-pyloric tumor, which would have
prevented a correct assessment.

Of all 19 operated patients 14 were men and 5 were
women. Average age was 70 (ranging from 56 to 81
years). The tumor was antral in 12 cases (63%), corporal
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in 3 cases (15%), and located in the upper third of the
stomach in 4 cases (21%). Histological findings were: in-
testinal adenocarcinoma in 11 patients and diffused ade-
nocarcinoma in 8 cases (all non-resectable cases were in
this group).

Surgical procedures performed included: gastrectomy,
omentectomy and D1-D2 lymphadenectomy. A total gas-
trectomy was performed in 5 patients, and 9 patients un-
derwent subtotal gastrectomy with Billroth I, IT or III re-
constructions, depending on regional conditions and
surgeon preferences. Isolated lymph nodes varied from 8
to 29 (average 15).

There was no postoperative mortality; 5 patients
(35%) presented with postoperative complications —3
low flow fistulas, one lymphorrhagia, and a sub-hepatic
abscess. All complications resolved with medical treat-
ment except the abscess, which required surgical
drainage.

Final tumor staging according to the gold standard
was: one patient at stage T1, 7 patients at T2, 3 at T3, and
6 at T4. With regard to N staging, 6 patients were at stage
NO, 4 were at N1, 1 was at N2, and 6 were classified at
N3. No patients presented metastases (MO).

For T staging, MRI accurately assessed 53% of cases,
and understaged or overstaged 23.5% of cases. EUS ac-
curately assessed 35% of cases, understaged 47%, and
overstaged 18% of cases. Sensitivity for T4 staging by
EUS was 20%.

When studied by grouping T1 and T2, and T3 and T4
together, the following results were obtained: MRI accu-
rately assessed 67% of cases in the T1-T2 group and
87.5% in the T3-T4 group, while EUS accurately as-
sessed 67% of cases in the T1-T2 group and 62.5% in the
T3-T4 group (Table III). There was only one T1 patient
who was diagnosed by EUS and overstaged as T3 by
MRI

Table Ill. MRI and EUS results according to T stage

MRI EUS
T1-T2 T3-T4  TI-T2 T3-T4
T1-T2 (9 patients) 6 3 6 3
T3-T4 (8 patients) 1 7 3 5

For N staging, MRI accurately assessed 50% of cases,
understaged 25%, and over-staged 25% of cases. EUS ac-
curately assessed 42% of cases, and also understaged
42% and overstaged 16% of cases. Sensitivity for NO in
MRI was 50 versus 67% in EUS. When analyzing N1,
N2 or N3 as positive, MRI correctly predicted 60% of
cases, and EUS 70.5% of cases (Table IV). There were no
significant differences between both diagnostic tech-
niques.
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Table IV. MRI and EUS results according to N stage

MRI EUS
NO N+ NO N+
NO (6 patients) 3 3 4 2
N+ (11 patients) 5 6 3 8

MRI: magnetic resonance imaging; EUS: echoendoscopy.

Table V shows the sensitivity, specificity, positive pre-
dictive value, and negative predictive value of each tech-
nique.

Table V. Sensitivity, specificity, PPV, and NPV for MRI and
EUS regarding T&N evaluation when T1-T2 and T3-T4 are
grouped together, and considering NO/N+

n=17 S E PPV NPV SD
MRI

T 86% 70% 67% 88% 76%

N 38% 67% 50% 53% 53%
EUS

T 67% 63% 67% 63% 65%

N 57% 80% 73% 71% 71%

RMI: magnetic resonance imaging; EUS: echoendoscopic ultrasonography; S:
sensitivity; E: specificity; PPV: positive predictive value; NPV: negative predictive
value; SD: standard deviation.

DISCUSSION

Preoperative imaging techniques for gastric cancer
staging sometimes fail, leading to unnecessary surgery
because of tumor non-resectability (2). Nowadays two
techniques —MRI and EUS- are employed for GC stag-
ing. Some ex vivo studies have demonstrated that MRI
has a diagnostic accuracy of almost 100% for gastric wall
invasion by the tumor (13). In this study MRI diagnostic
accuracy was 76% for T assessment, similar to figures
obtained in other studies and to those encountered for CT
scans (Table VI).

EUS is the gold-standard technique for the T staging
of esophageal (6) and rectal (7) cancer. EUS has not been
widely assessed in GC staging. In our study, T staging
with EUS —when stages T1 and T2, and T3 and T4 were
grouped together— was low: a 65% lower than results ob-
tained for esophageal cancer (6). This could be because
only one case with stage T1 was accurately diagnosed
with EUS, and distinguishing this from peritumoral in-
flammatory events is difficult.

The correct staging of node involvement is very im-
portant, as it involves more aggressive surgery and more
aggressive chemo- and radio-therapy. For the majority of
authors, the diagnostic accuracy of helical CT is less than
75% (4,5,20,21). When CT and MRI are compared in N
staging, results are similar (Table VI). In our study MRI
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Table VI. Gastric cancer staging according to the employed techniques

Author & year (Ref.) Study & patients Diagnostic accuracy, TN
Type of study No. patients T N
Grimm, 1989 (14) Prospective, compares 46 cT CT43%
CT-EUS EUS 77% EUS 87%
Nattermann, 1993 (15) Prospective, compares 64 CT 25% CT48%
CT-EUS EUS 82% EUS 78%
Isozaki, 1996 (16) Prospective, compares 200 CT18,7%
MRI-CT MRI 34,1%
Perng, 1996 (17) Prospective, compares 69 CT 42% CT 49%
CT-EUS EUS 71% EUS 65%
Kim, 2000 (5) Prospective, compares 26 CT73% CT73%
MRI-CT MRI 81% MRI 65%
Sohn, 2000 (4) Prospective, compares 30 MRI 73% MRI 55%
MRI-CT CT67% CT 59%
Polkowsky, 2004 (18) Prospective, compares 88 CT 44% (77 %) CT77%
EUS-TC EUS 63% (47 %) EUS 67%
(5" edition TNM)
Bhandari, 2004 (19) Prospective, compares 63 (67 tumors) EUS 87,5% EUS 79%
TC-EUS CT 83% CT 75%

CT: computed tomography; MRI: magnetic resonance imaging; EUS: endoscopic ultrasonography.

showed a low diagnostic accuracy of 53%, similar to that
found in EUS. One possible explanation for these poor
results for lymph node invasion is the lack of consensus
regarding the criteria to assess malignant-looking lymph
nodes, since some studies consider positive nodes that are
5 mm in size, whereas others considerer positive nodes
larger than 8 or 10 mm. Other confusing factors can be
inflammatory changes in nodes or small tumor-invasion
areas without node enlargement. MRI does not accurately
evaluate lymph nodes that are close to the gastric wall,
while EUS evaluates more properly nodes far removed
from the stomach.

Other techniques, including tridimensional CT scan-
ning, hydro-CT, and positron-emission tomography
(PET), offer good results in the preoperative staging of
gastric cancer (22-24).

In spite of considering the small number of patients stud-
ied, it is our opinion that EUS must be used when MRI or
CT show a T1 or T2 stage in the absence of distal metastat-
ic disease. Further studies are required with more patients
in order to assess the findings observed in this study.
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