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Preoperative staging of esophageal and gastric carcinoma

J.K. Triantafillidis, P. Cheracakis, N. Argyros

INTRODUCTION

Preoperative staging is of paramount importance for
a patient with cancer of the upper GI tract. Because the
outcome of esophageal and gastric cancer is strongly re-
lated to stage, an effort has been made during the last
years with respect to preoperative staging before consid-
ering application of treatment aimed at curing the dis-
ease, prolonging survival, or palliating symptoms. Es-
ophagectomy is accompanied by the highest mortality
reported for any electively performed surgical procedure.
The poor performance status of most patients and the
difficulty of the operative procedure are responsible for
an in-hospital mortality rate that, at the beginning of
1980’s, was almost 30%," although this figure seems to
be rather better today.

The aim of this review is to describe the available
methodology for preoperative staging of esophageal and
gastric carcinoma and to provide the reader with guide-
lines based on the current scientific data.

1. PREOPERATIVE STAGING OF
ESOPHAGEAL CARCINOMA

Staging of esophageal carcinoma is based on the TNM
system, which focuses on and defines the anatomical ex-
tent of disease. It must be emphasized that squamous
cell carcinoma and adenocarcinoma of the esophagus
are staged similarly. Moreover, symptoms such as dys-
phagia, and results of various laboratory tests including
biomarkers, are invalid in assessing the preoperative stage
of the disease.
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According to the TNM system of classification of es-
ophageal cancer the term “T” indicates the invasion of
the primary tumor, “N” indicates the spread of carcino-
ma to specified regional lymph nodes and “M” indicates
distant metastases to either lymph nodes outside speci-
fied regional nodes or to organs not involved directly in
the primary tumor, such as liver, lung, etc.

According to the American Joint Committee on Can-
cer (AJCC) and the International Union Against Can-
cer (IUAC) the length of tumor, the extent of involved
circumference and the degree of luminal compromise
are not important factors in staging. Any regional lymph
node metastasis is considered N1 and more distant nod-
al metastases are considered to represent distant metas-
tases (M1). Table 1 shows the classification of esopha-
geal cancer according to the TNM system.

1.1. Methods for staging of esophageal carcinoma

Methods for staging of esophageal carcinoma can be
classified into two groups (Table 2). The first group con-
sists of the most useful methods available in the routine
clinical setting, and the second consists of methods not
widely available. Some of these later methods are cur-
rently under intense clinical investigation.

1.1.2. Initial methods of staging

Initial methods of staging of esophageal cancer in-
clude a thorough physical examination, blood tests, chest
x-rays, as well as modern techniques involving primarily
computed topography and endoscopic ultrasonography.

The “Practice Guidelines” of the American College
of Gastroenterology recommends the following strategy
for patients who have been diagnosed as having esopha-
geal cancer: “Computed tomography of the chest and the
abdomen should be the initial tests for staging. If there is
no evidence of metastatic disease, endosonography should
be performed to achieve the most accurate regional stag-
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Table 1. Staging classification of esophageal cancer

Primary Tumor Groupings

(T N) ()

Regional Lymph Nodes

Distant Metastasis Stage
M)

TX: Primary tumor
cannot be assessed

NX: Regional lymph nodes
cannot be assessed

TO: No evidence
of primary tumor

NO: No regional lymph
node metastasis

Tis: Carcinoma in situ N1: Regional lymph node

metastasis

T1: Tumor invades lamina

propria or submucosa (#)

T2: Tumor invades

muscularis propria

T3 Tumor invades adventitia

T4: Tumor invades

adjacent structures

MX: Presence of distant
metastasis cannot be assessed

Stage 0: Tis NOMO

MO: No distant metastasis Stage 1: TINOMO

M1: Distant metastasis Stage IIA: TINOMO;
T3NOMO

Stage IIB: TIN1MO;
T2N1MO

Stage III: T3N1MO;
T4, any N,MO

Stage IV: Any

T, any N, M1

(*) For the cervical esophagus, the cervical nodes are considered regional; for the intrathoracic esophagus the mediastinal and

perigastric lymph nodes are considered regional

(#) T1 has been subdivided into T1m, (confined to the submucosa) ant T1sm cancer invading the submucosa)

(Am J Gastroenterol 1999; 94:20-40)

Table 2. Methods for staging of esophageal carcinoma

a) Initial tests for staging
® Physical examination
® Blood tests
® Chest x-rays
® Barium shallow
® Computed tomography (chest-abdomen)
e Ultrasonography (endoscopic)
a) Tests not widely used on clinical practice
® Magnetic Resonance Imaging
® [aparoscopy
® Thoracoscopy
® Bronchoscopy
® Positron emission tomography

® Reverse Transciptase-Polymerase Chain Reaction

Physical examination

Physical examination focuses mainly on sites prone
to metastases such as liver and supraclavicular lymph
nodes.

Blood tests

Blood tests (i.e. liver function tests) can provide use-
ful information concerning possible liver metastases.

Chest x-rays

Chest x-rays can identify pulmonary and mediastinal
metastases.

Computed Tomography

Computed tomography (CT) remains one of the most
useful and widely used modern method for preoperative
staging of patients with esophageal carcinoma. On CT
examination lymph nodes greater than 10mm, are con-
sidered to be metastatic. CT can detect pulmonary or
hepatic metastases and provide information concerning
the tumor extent, adherence in adjacent structures, and
detect infiltrated lymph nodes. CT can also accurately
detect the circumferential or eccentric thickness of the
esophageal wall at the site of the tumor. Despite the high
degree of CT specificity concerning the thickness of the
esophageal wall, the overall specificity for detecting
spread to contiguous structures is low (40%) becoming
even lower (25%) for nodal infiltration.” However, the
diagnostic significance of lymph node enlargement be-
comes less important if one considers that the detection
of enlarged lymph nodes does not necessarily mean the
presence of metastasis.

CT is also valuable in detecting mediastinal metas-
tases (>90%) which represents an absolute contraindi-
cation for operation.* Additional patient positions do not
improve computed tomographic prediction of local irre-
sectability.
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Endoscopic ultrasonography

Endoscopic ultrasonography (EUS) must be used if
there are no signs of distant metastases at CT of the chest
and abdomen. Depth of invasion of tumor corresponds
well with certain abnormalities on endoscopic wall-layer
ultrasonography (Table 3). Enlarged lymph nodes on
EUS are considered to be malignant if their diameter
exeeds the size of 10mm and if they are hypoechoic,
rounded, and sharply demarcated from the surrounding
fat. It must be emphasized, however, that benign lymph
nodes may sometimes be greater than 10mm. EUS has
the advantage of providing the endoscopist with the abil-
ity to perform fine needle aspiration from the tumor, thus
improving the diagnostic ability of the procedure. How-
ever the major problem of the method lies in its inability
to pass through a stenotic area.

EUS was able to detect the depth of infiltration («T»)
in 36 out of 40 patients with esophageal carcinoma (90%),
compared with 50% by computed topography.” In the
same study the lymph node involvement («N») was cor-
rectly classified by EUS in 20 out of 23 patients (87%)
compared with 39% by CT. In another study,’ the over-
all accuracy, specificity and sensitivity of EUS were 87%,
90% and 37% respectively. The accuracy of detecting
lymph node metastases was 80%.

Although EUS is mainly used for the detection of
regional lymph node metastases, it could also be useful
for the evaluation of metastatic celiac axis lymph nodes.
In a recent study,’ the sensitivity and specificity of EUS
for the diagnosis of celiac axis lymph node metastases
was 83% and 98%, respectively, while the correspond-
ing features for diagnosis of mediastinal lymph node
metastases were 79% and 63%, respectively. EUS has
also been used with promising results for the detection
of cervical lymph node metastases.®

The clinical significance of preoperative diagnosis of
invaded peri- and para- esophageal lymph nodes is low.

Table 3. Depth of invasion (T) compared with endoscopic ul-
trasound wall-layer abnormality

Depth of invasion (T) Endoscopic ultrasonography

abnormality
T1m, mucosa 1 and 2
T1lsm, submucosa 3
T2, muscularis propria 4
T3, adventitia 5

T4, adjacent organ
(Am J Gastroenterol 1999; 94:20-40)

Adjacent organ

The resection of the specimen is not lying on where lymph
nodes of the mediastinal are involved or not, but rather
on where the tumor is invading mediastinal vital struc-
tures such as trachea, bronchi, pericardium e.t.c. If lymph
nodes are invaded the resection is considered as pallia-
tive and this type of therapy is still considered as ideal
for palliation if technically possible. When lymph nodes
are negative the resection is considered as curative. How-
ever, even in this case there is only a 40-50% survival
rate at 5 years. Therefore the accurate diagnosis of inva-
sion of small mediastinal lymph nodes in cases of esopha-
geal “resectable” cancer is of academic interest in terms
of surgical (operative) strategy. However it makes little
difference in terms of prognosis.

1.1.3. Tests not widely used in clinical practice

Magnetic resonance imaging (MRI)

MRI compared to CT appears to be less reliable and
not add significantly in the staging of patients with es-
ophageal cancer. It is well known that staging the depth
of tumor invasion on the basis of wall thickness carries a
significant risk of interpretation errors. MRI can visual-
ize the gross features of tumor growth pattern, tumor
ulceration and adjacent lymph node involvement.

T1 and T2 are considered to be the case if the wall
thickness ranges between 6 and 15 mm and T3 if the wall
thickness is greater than 16 mm. (A wall thickness of Smm
is considered to be the upper normal limit). MRI cannot
distinguish T1 from T2. Diagnosis of T4 disease is based
on loss of flat planes and mass effect.

Recent reports concerning the real value of MRI chal-
lenge the previous ones. In a relevant study,’ the depth
of mural invasion visualized with MRI correlated well
with that determined by pathology. However, the stage
determined with MRI was higher in 3% and lower in 3%
of the cases studied.

MRI must be further explored as far as its role in the
preoperative staging of patients with esophageal cancer
is concerned.

Bronchoscopy

Bronchoscopy can be used to detect local infiltration
of the trachea or bronchi by advanced cancers in the prox-
imal esophagus. In a relevant study," the overall accura-
cy of bronchoscopy plus multiple brush cytology and bi-
opsy sampling in proving or excluding airway invasion
on patients with otherwise operable conditions, was
95.8%. In the same study the results of bronchoscopy
and CT were found to be discordant in 40% of patients
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and the specificity and positive predictive value were
higher for bronchoscopy than for CT.

Bronchoscopy also allows the identification of pa-
tients who are candidates for operation despite the pres-
ence of tracheobronchial tree compression. Compression
of the tracheobronchial tree does not necessarily mean
infiltration by esophageal carcinoma. It has been shown
that if the compression is slight and the mobility of the
tracheobronchial tree is normal, a radical esophagecto-
my is possible in 91% of patients."

Laparascopy-Thoracoscopy

Laparascopy is used in some cases to document small
liver and intraperitoneal metastases, before aggressive
surgery is undertaken. It could also be useful in the as-
sessment of thoracic lymph nodes involvement. Thora-
coscopic lymph node staging was found to be accurate in
detecting the presence of thoracic lymph nodes in 93%
of patients, while laparoscopic lymph node staging accu-
rately detected lymph node metastases in 94%." In a
recent study,” it was found that staging of esophageal
cancer by means of thoracoscopy/laparascopy had a high-
er specificity and accuracy than CT and EUS, especially
for N1 disease in the chest. Compared with final resec-
tion pathology, the sensitivity, specificity and positive
predictive value of staging for N1 disease in the chest
was 62.5, 100.0 and 100.0 % by thoracoscopy; 75.0, 75.6,
and 23.1% by CT and 0.0, 97.1, and 0.0% by EUS, re-
spectively. In another study,' satisfactory thoracoscopic
lymph node staging was achieved in 44 out of 49 patients
(95%).

Positron Emission Tomography (PET)

Continuing advances in PET imaging have resulted
in an improved ability to evaluate thoracic malignancies.
PET provides accurate and non-invasive detection and
staging of thoracic malignancies.

PET has been used mainly for the detection of lymph
node metastases.” The (18)F-FDG PET was superior to
CT in detecting metastases in the mediastinum and the
upper abdomen, PET being able to detect 85% of the
metastatic lymph nodes in the mediastinum and the up-
per abdomen. PET has also been shown to be superior
of CT in detecting the primary tumor in patients with
esophageal cancer (96% vs 62% respectively).' In the
same study it was found that the diagnostic accuracy of
PET was 88% compared with 65% of CT.

PET, if it becomes widely available, will probably dra-
matically change the rate of ill-advised surgery for es-
ophageal cancer.

Reverse-Transcriptase-Polymerase Chain
Reaction (RT-PCR)

It is well established that histologic examination of
lymph nodes misses micrometastases in up to 20% of
lymph nodes evaluated. Moreover it has been shown that
most patients with esophagogastric malignancies have
micrometastases in rib marrow at the time of diagnosis."”
RT-PCR has recently been used on patients with esopha-
geal carcinoma in order to identify micrometastases on
lymph nodes which present negative on the convention-
al histology.” The method detects Carcinoembryonic
Antigen Messenger ribonucleic acid (mRNA) on lymph
nodes. The presence of CEA mRNA is evidence of mi-
crometastatic disease. Initial follow-up suggests that a
positive RT-PCR with negative histologic findings may
have poor prognostic implications. However, further
studies will be needed to confirm the clinical implica-
tions of this novel method.

2. PREOPERATIVE STAGING OF GASTRIC
CARCINOMA

Pathological staging of gastric cancer is based on the
extent of the disease at laparatomy and/or the histologi-
cal examination of the excised specimen. For the classi-
fication of gastric carcinoma the TNM system (as de-
scribed for esophageal cancer) has been almost univer-
sally adopted. The TNM stage grouping is shown in fig-
ure 1.

However, a new classification based on recommen-
dations proposed by the International Union Against
Cancer (UICC), has recently appeared in the literature.
In this new (5™) edition, the description of nodal staging
has been changed from the anatomic sites of lymph nodes
to the number of metastatic ones. According to this clas-
sification, pN1 corresponds to metastases in 1 to 6 lymph
nodes, pN2 corresponds to metastases in 7 to 15 lymph
nodes and pN3 corresponds to metastases in 16 or more
lymph nodes. Two recently published studies'* found
this new method of nodal classification to be both relia-
ble and practical. Moreover, the new nodal staging was
closely correlated with the depth of invasion. The 5-year
survival rates after gastrectomy decreased significantly
by increasing the extent of pN classification. The new
classification also showed more homogeneous survival
at the same time than the older one."” In both studies it
was found that the new classification was a significant
prognostic determinant for gastric cancer, that can be
used with confidence in clinical practice.

Very recently, one more classification based on the
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classical Dukes’ classification modified by the number
of positive lymph nodes (Dukes’ A, B, Ca and Cb) ap-
peared in the literature.” According to the results of this
study, the Dukes’ classification was well correlated with
both tumor progression and patient survival. Further
studies are needed in order to confirm or to reject the
findings of this interesting study.

2.1. Methods for staging of gastric cancer

As in the case of esophageal carcinoma, the method-
ology of preoperative gastric cancer staging includes a
complete physical examination, chest x-ray and blood
tests including tumor markers (CEA, CA 19-9 and Ca
72-4). Preoperative laparascopy and modern imaging
techniques are widely used nowadays. The available data
concerning these diagnostic modalities are analyzed sub-
sequently.

2.1.1. Computed Tomography

Computed tomography (CT) represents one of the
most useful and widely used examinations performed on
patients with gastric carcinoma. However, much contro-
versy still exist as to the value of this method on preoper-
ative staging of patients with gastric carcinoma, because
of its inability to identify correctly lymph node metastas-
es, invasion of adjacent organs, or peritoneal metastas-
es. The sensitivity, specificity and accuracy of preopera-
tive CT in determining the perigastric tumor spreads was
reported to be 33%, 97% and 73% in pancreatic inva-
sion, 36%, 97% and 70% in level I1I lymph node involve-
ment, and 89%, 98% and 96% in liver metastasis.** Peri-
toneal dissemination was not detected in 27% of patients
and stage IV disease was not diagnosed in 45% of pa-
tients.”> Recently applied modifications of CT examina-
tion such as water filling of the stomach resulted in opti-
mization of visualization of the gastric wall on contrast-
enhanced CT.?* Using this method it was found that
the overall accuracy of tumor staging ranged between
66-77%, overstaging and understaging being 17-25% and
3-8.5% respectively. The overall accuracy for N staging
ranged between 46% and 51%.” Similar results were re-
ported in another study.?

Spiral CT scanners have a number of potential ad-
vantages over conventional ones, including the absence
of respiratory misregistration, and optimization of intra-
venous contrast enhancement. In one study® sensitivity
of helical CT for early gastric cancer was 26% and for
the advanced 100%. However, three lesions were misdi-
agnosed as gastric cancer. Differentiation between T2
and T3 cancer and between T1/T2 and T3/T4 (extrase-
rosal invasion) was possible in 73% and 83% respective-

ly. Overall T-staging was correct in 66%. Diagnosis of
serosal invasion was not markedly improved by helical
CT.” In another study® spiral CT remained poor at iden-
tifying lymph node metastases to both N1 and N2 lymph
nodes with sensitivity ranging from 24 to 43%. However,
spiral CT correctly detected 13 of 17 cases of invasion of
either the colon or the mesocolon (76%) and 50% of
cases with invasion of the pancreas.”

Other modifications of CT examination include
triphasic spiral CT,” water filling of the stomach plus
drug-induced hypotonia,® and spiral CT using the
“breathholding” technique.” Using the first method, the
authors were able to detect the cancer in 98% of cases
and to correctly identify the T stage in 82% of patients.*
Using the second method the authors described their
results as promising in evaluating the depth of tumor in-
vasion and for differentiating intestinal from diffuse gas-
tric cancer.” Using the third technique gastric cancer was
detected in 39 of 40 cases (97.5%) while location of the
tumor was correctly assessed in all cases.” In 79.4% of
cases CT was accordant with pathological staging. In the
same study infiltrated lymph nodes were detected in 70%
of patients.

The available data support the assumption that pan-
creatic involvement, extended lymph node metastasis and
peritoneal dissemination are sometimes overlooked on
conventional CT examination on patients with advanced
gastric cancer. The newly introduced methods (helical
CT and other technical modifications) have increased
substantially the sensitivity and accuracy of the method
in staging patients with gastric carcinoma.

2.1.2. Ultrasonography (endoscopic,
hydrosonography, laparoscopic)

EUS is a valuable tool for the preoperative evalua-
tion and staging of patients with early or advanced gas-
tric cancer. According to the majority of relevant publi-
cations, EUS is considered to be the most accurate meth-
od for diagnosing and assessing the local staging of gas-
tric cancer.” However, some technical problems remain
such as how to differentiate between cancer invasion and
ulcer fibrosis, how to detect microinvasion, and how to
recognize malignant lymph nodes. The sensitivity of EUS
for evaluating metastatic lymph nodes is still problemat-
ic. The ability of EUS to accurately predict the depth of
tumor invasion (T stage) and involvement of lymph nodes
(N stage) was 70% and 65%, respectively.” The differ-
entiation of early gastric cancer from advanced gastric
cancer showed a concordance rate of 89%, hyperestima-
tion rate of 89% and underestimation rate of 3%. The
accuracy of EUS in predicting the stage T1 to T3 was
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91%.* EUS displays a tendency to overestimate T stage
and underestimate N stage.

Hydrosonography is a new modality aiming to im-
prove the diagnostic ability of conventional ultrasound
examination. It does not require intraluminal access.™
The available data support the assumption that this meth-
od comes close to endosonography for staging of gastric
tumors.

The laparoscopic ultrasonography is also a new meth-
od aiming to combine the strengths of both laparascopy
and endoscopic ultrasonography. In a relevant study,” it
was found that T and N staging by laparascopic ultra-
sonography was comparable to published results for EUS
and overall TNM staging was better. Laparoscopic ul-
trasonography may provide the optimal preoperative
staging for gastric cancer.

Recently the value of miniaturized ultrasound cath-
eter probes (miniprobes) was tested on patients with gas-
tric cancer.” The overall accuracy of the method in the
assessment of tumor infiltration depth was 82%. It must
be emphasized however that the value of miniprobe scan-
ning in the assessment of advanced tumors is limited
because of the small imaging depth of probe (approxi-
mately 3cm). The sensitivity and specificity for detection
of lymph node involvement were 73% and 89% respec-
tively.*

3.3.3. Laparoscopy

Laparoscopy has recently emerged as a staging mo-
dality that is more sensitive and specific in staging of
gastrointestinal malignancies than preoperative imaging
modalities. Consequently, patients with disease that is
amenable to resection are better identified and others
with locally advanced disease are spared unnecessary
laparotomies.” Since laparoscopic techniques may be
associated with low morbidity (the rate of recurrence at
the port site is very low) and rapid recovery,® palliative
procedures are being developed for patients with ad-
vanced gastrointestinal malignancies.

Laparoscopy was compared with ultrasonography and
CT in detecting intra-abdominal spread of malignancy.
The method was found to be more sensitive in detecting
hepatic, nodal and peritoneal metastases than CT and
ultrasonography.”” Laparoscopy has also been used pre-
operatively, immediately before an eventual surgical ex-
ploration. The procedure detected 21 unsuspected M+
cases out of 100.” In this study laparoscopic staging al-
tered clinical staging in a significant proportion of pa-
tients (58%). The results of the previous study were re-

cently confirmed by another study.” In 40% of patients,
the information provided by extended diagnostic lapar-
oscopy led to a modification of the therapeutic strategy
in spite of earlier comprehensive diagnostic work-up in-
cluding CT and EUS. According to earlier reports* lapar-
oscopy should also be used in the assessment of patients
with adenocarcinoma of the esophagogastric region be-
fore performing excisional surgery.

It seems that the application of laparoscopy could
result in avoidance of unnecessary surgical exploration
in M+ cases. It represents the most reliable and eco-
nomic tool for the detection of locally advanced tumors
in the light of neoadjuvant treatment.

2.1.3. Lavage cytology

Peritoneal lavage cytology is widely performed dur-
ing surgery for gastric carcinoma. Although the report-
ed results could be one of the most accurate prognostic
factors, the cancer stage is currently determined inde-
pendently of the results of lavage cytology. However, it
has recently been shown that positive cytology findings
are indicative of a poor prognosis and that the prognos-
tic difference between positive and negative cytology
findings are approximately a one-stage difference in the
Japanese stage grouping.*’ Lavage cytology should thus
be included in the preoperative staging of gastric carci-
noma.

Based on the available data, the following recommen-
dations for the preoperative staging of gastric carcino-
ma can be supported. Before surgical exploration the
patient must be submitted for 1) chest x-ray, 2) blood
tests (including serum determination of CEA, CA 19-9
and CA-50), 3) Helical computed tomography, 4) Endo-
scopic ultrasonography and 5) Laparoscopic exploration
of the abdomen either immediately before surgery or
some days before. Using these procedures we will be able
to accurately determine the stage of the disease with
obvious implications for the quality of the remaining life
of the patient.

REFERENCES

1. Earlam R, Cunha-Melo JR. Oesophageal squamous cell
carcinoma. I. A critical review of surgery. Br J Surg 1980;
67:381-390.

2. Lightdale CJ. Esophageal Cancer: Practice guidelines. Am
J Gastroenterol 1999; 94:20-40.

3. Laas J, Scheller E, Haverich A, et al. How accurate is the
preoperative staging with computed topography in es-
ophageal cancer. In: Proceedings of the Third World
Congress of the International Society for Diseases of the



Preoperative staging of esophageal and gastric cancer

259

4

10.

11.

12.

13.

14.

15.

16.

17.

Esophagus. 1986:40.

. van den Hoed RD, Feldberg MA, van Leeuwen MS, van

Dalen T, Obertop H, Kooyman CD, van der Schouw YT,
de Graaf PW. CT prediction of irresectability in esopha-
geal carcinoma: value of additional patient positions and
relation to patient outcome. Abdom Imaging 1997; 22:132-
137.

. Massari M, Cioffi U, De Simone M, Lattuada E, Montor-

si M, Segalin A, Bonavina L.. Endoscopic ultrasonogra-
phy for preoperative staging of esophageal carcinoma.
Surg Laparosc Endosc 1997; 7:162-165.

. Chandawarkar RY, Kakegawa T, Fujita H, Yamana H,

Toh Y, Fujitoh H. Endosonography for preoperative stag-
ing of specific nodal groups associated with esophageal
cancer. World J Surg 1996; 20:700-702.

. Catalano MF, Alcocer E, Chak A, Nguyen CC, Raijman

I, Geenen JE, Lahoti S, Sivac MC Jr. Evaluation of meta-
static celiac axis lymph nodes in patients with esophageal
carcinoma: accuracy of EUS. Gastrointest Endosc 1999;
50:352-356.

. Doldi SB, Lattuada E, Zappa MA, Cioffi U, Pieri G,

Massari M, De Simone M, Peracchia A. Ultrasonograph-
ic evaluation of the cervical lymph nodes in preoperative
staging of esophageal neoplasms. Abdom Imaging 1998;
23:275-277.

. Yamada I, Murata Y, Izumi Y, Kawano T, Endo M, Kuroi-

wa T, Shibuya H. Staging of esophageal carcinoma with
4.7-T MR imaging. Radiology 1997; 204:521-526.

Riedel M, Hauck RW, Stein HJ, Mounyam L, Schulz C,
Schomig A, Siewert JR. Preoperative bronchoscopic as-
sessment of airway invasion by esophageal cancer: a pro-
spective study. Chest 1998; 113:687-695.

Baisi A, Bonavina L, Peracchia A. Bronchoscopic staging
of squamous cell carcinoma of the upper thoracic esopha-
gus. Arch Surg 1999; 134:140-143.

Krasna MJ. The role of thoracoscopic lymph node stag-
ing in esophageal cancer. Int Surg 1997; 82:7-11.

Krasna MJ, Mao YS, Sonett J, Gamliel Z. The role of
thoracoscopic staging of esophageal cancer patients. Eur
J Cardiothorac Surg 1999; 16 Suppl 1:S31-33.

Krasna MJ, Reed CE, Jaklitsch MT, Cushing D, Sugar-
baker DJ. Thoracoscopic staging of esophageal cancer: a
prospective, multiinstitutional trial. Cancer and Leuke-
mia Group B Thoracic Surgeons. Ann Thorac Surg 1995;
60:1337-1340.

Kobori O, Kirihara Y, Kosaka N, Hara T. Positron emis-
sion tomography of esophageal carcinoma using (11)C-
choline and (18)F-fluorodeoxyglucose: A novel method
of preoperative lymph node staging. Cancer 1999; 86:1638-
1648.

Kole AC, Plukker JT, Nieweg OE, Vaalburg W. Positron
emission tomography for staging of esophageal and gas-
troesophageal malignancy. Br J Cancer 1998; 78:521-527.
O’sullivan GC, Sheehan D, Clarke A, Stuart R, Kelly J,
Kiely MD, Walsh T, Collins JK, Shanahan F. Microme-
tastases in esophagogastric cancer: high detection rate in
resected rib segments. Gastroenterology 1999; 116:543-
548.

18.

19.

20.

21.

22.

23.

Luketich JD, Kassis ES, Shriver SP, Nguyen NT, Schauer
PR, Weigel TL, Yousem SA, Siegfried JM. Detection of
micrometastases in histologically negative lymph nodes
in esophageal cancer. Ann Thorac Surg 1998; 66:1715-
1718.

Yoo CH, Noh SH, Kim YI, Min JS. Comparison of prog-
nostic significance of nodal staging between old (4™ edi-
tion) and new (5" edition) UICC TNM classification for
gastric carcinoma World J Surg 1999; 23:492-498.
Hermanek P, Altendorf-Hofmann A, Mansmann U,
Dworak O, Wittekind C, Hohenberger W. Improvements
in staging of gastric carcinoma from using the new edi-
tion of TNM classification. Eur J Surg Oncol 1998; 24:536-
541.

Adachi Y, Suematsu T, Yasuda K, Shiromizu A, Shirai-
shi N, Kitano S. Clinicopathologic study of gastric cancer
based on Dukes’ classification. World J Surg 1999; 23:499-
502.

Adachi Y, Sakino I, Matsumata T, Iso Y, Yoh R, Kitano
S, Okudaira Y. Preoperative assessment of advanced gas-
tric carcinoma using computed topography. Am J Gas-
troenterol 1997; 92:872-875.

Rossi M, Broglia L, Maccioni F, Bezzi M, Laghi A,
Graziano P, Mingazzini PL, Rossi P. Hydro-CT in patients
with gastric cancer: preoperative radiologic staging. Eur
Radiol 1997; 7:659-664.

24.Dux M, Richter GM, Hansmann J, Kuntz C, Kauffmann

25.

26.

27.

28.

29.

30.

31.

GW. Helical hydro-CT for diagnosis and staging of gas-
tric carcinoma. J Comput Assist Tomogr 1999; 23:913-
922.

Fukuya T, Honda H, Kaneko K, Kuroiwa T, Yoshimitsu
K, Irie H, Maehara Y, Masuda K. Efficacy of helical CT
in T-staging of gastric cancer. J Comp Assist Tomogr 1997;
21:73-81.

Davies J, Chalmers AG, Sue-Ling HM, May J, Miller GV,
Martin IG, Johnston D. Spiral computed topography and
operative staging of gastric carcinoma: a comparison with
histopathological staging. Gut 1997; 41:314-319.

Takao M, Fukuda T, Iwanaga S, Hayashi K, Kusano H,
Okudaira S. Gastric cancer: evaluation of triphasic spiral
CT and radiologic-pathologic correlation. J] Comput As-
sist Tomogr 1998; 22:288-294.

Rossi M, Broglia L, Grazziano P, Maccioni F, Bezzi M,
Masciangelo R, Rossi P. Local invasion of gastric cancer:
CT findings and pathologic correlation using 5-mm in-
cremental scanning, hypotonia, and water filling. AJR
1999; 172:383-388.

Hundt W, Braunschweig R, Reiser M. Assessment of gas-
tric cancer: value of breathhold technique and two phase
spiral CT. Eur Radiol 1999; 9:68-72.

Kida M, Tanabe S, Watanabe M, Kokutou M, Kondou I,
Yamada Y, Sakaguchi T, Saigenji K. Staging of gastric
cancer with endoscopic ultrasonography and endoscopic
mucosal resection. Endoscopy 1998; 30 Suppl 1:A64-68.
Wang JY, Hsieh JS, Huang YS, Huang CJ, Hou MF,
Huang TJ. Endoscopic ultrasonography for preoperative
locoregional staging and assessment of resectability in
gastric cancer. Clin Imaging 1998; 22:355-359.



J.K. TRIANTAFILLIDIS, et al

32

33.

34.

35.

36.

37.

. Dux M, Roeren T, Kuntz C, Richter GM, Kauffmann GW.
TNM staging of gastrointestinal tumors by hydrosonog-
raphy: results of a histopathologically controlled study in
60 patients. Abdom Imaging 1997; 22:24-34.

Finch MD, John TG, Garden OJ, Allan PL, Paterson-
Brown S. Laparoscopic ultrasonography for staging gas-
troesophageal cancer. Surgery 1997; 121:10-17.
Hunerbein M, Ghadimi BM, Haensch W, Schlag PM.
Transendoscopic ultrasound of esophageal and gastric
cancer using miniaturized ultrasound catheter probes.
Gastrointest Endosc 1998; 48:371-375.

Jerby BL, Milsom JW. Role of laparascopy in the staging
of gastrointestinal cancer. Oncology (Huntingt) 1998;
12:1353-1360.

Pearlstone DB, Mansfield PF, Curley SA, Kumparatana
M, Cook P, Feig BW. Laparascopy in 533 patients with
abdominal malignancy Surgery 1999; 125:67-72.

Stell DA, carter CR, Stewart I, Anderson JR. Prospec-

38.

39.

40.

41.

tive comparison of laparoscopy, ultrasonography and com-
puted topography in the staging of gastric cancer. Br J
Surg 1996; 83:1260-1262.

D’Ugo DM, Persiani R, Caracciolo F, Ronconi P, Coco
C, Picciocchi A. Selection of locally advanced gastric car-
cinoma by preoperative staging laparoscopy. Surg Endo-
sc 1997; 11:1159-1162.

Feussner H, Omote K, Fink U, Walker SJ, Siewert JR.
Pretherapeutic laparoscopic staging in advanced gastric
carcinoma. Endoscopy 1999; 31:342-347.

O’Brien MG, Fitzgerald EF, Lee G, Crowley M, Shana-
han F, O’Sullivan GC. A prospective comparison of lapar-
oscopy and imaging in the staging of esophagogastric can-
cer before surgery. Am J Gastroenterol 1995; 90:2191-
2194.

Suzuki T, Ochiai T, Hayashi H, et al. Importance of pos-
itive peritoneal lavage cytology findings in the stage group-
ing of gastric cancer. Surg Today 1999; 29:111-115.



