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Abstract

Gastric carcinoma (GC) is one of the most common causes of cancer-related death worldwide. Surgical resection is
the only cure available and is dependent on the GC stage at presentation, which incorporates depth of tumor invasion,
extent of lymph node and distant metastases. Accurate preoperative staging is therefore essential for optimal surgical
management with consideration of preoperative and/or postoperative chemotherapy. Multidetector computed tomo-
graphy (MDCT) with its ability to assess tumor depth, nodal disease and metastases is the preferred technique for
staging GC. Endoscopic ultrasonography is more accurate for assessing the depth of wall invasion in early cancer, but
is limited in the assessment of advanced local or stenotic cancer and detection of distant metastases. Magnetic
resonance imaging (MRI), although useful for staging, is not proven to be effective. Positron emission tomography
(PET) is most useful for detecting and characterizing distant metastases. Both MDCT and PET are useful for
assessment of treatment response following preoperative chemotherapy and for detection of recurrence after surgical
resection. This review article discusses the usefulness of imaging modalities for detecting, staging and assessing
treatment response for GC and the potential role of newer applications including CT volumetry, virtual gastroscopy
and perfusion CT in the management of GC.

Keywords: Gastric carcinoma; computed tomography; endoscopic ultrasonography; magnetic resonance imaging; positron emission
tomography.

Introduction

Gastric carcinoma (GC) is the fourth most common
cancer worldwide and the second most common cause
of cancer-related death[1]. Surgical excision of the GC
remains the only cure available and is dependent on
the stage of the disease at presentation. The extent of
stomach wall invasion by the tumor, spread to the
lymph nodes and the presence of distal organ metastases
determines the stage of the tumor. Detection of GC in
the early stages makes survival highly favorable.
However, due to the non-specific symptoms of GC,
patients often present at inoperable stages with locally
advanced or metastatic disease.

Accurate preoperative staging of GC is essential for
planning the optimal treatment method, which includes
minimally invasive procedures such as endoscopic

mucosal resection (EMR), endoscopic submucosal dis-
section (ESD), laparoscopic partial gastrectomy, and
more radical complete gastrectomy and lymph node dis-
section. At more advanced stages, adjuvant and neoadju-
vant chemotherapy alone or in combination with
radiotherapy have been shown to improve survival[2].
Multidetector computed tomography (MDCT) is the
most commonly used technique for the staging of GC
as it provides higher resolution scans with thin collima-
tion that allows excellent multiplanar reconstructions.
Magnetic resonance imaging (MRI), despite its better
soft tissue contrast and direct multiplanar imaging capa-
bility, is less preferred than MDCT due to prolonged
scanning time and higher cost. Endoscopic ultrasonogra-
phy (EUS) is regarded as a highly accurate technique for
staging depth of invasion by early GC, but similar to CT
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regarding T2 or T3 lesions, and is limited in the case of
large stenotic tumors. EUS can also be used for the detec-
tion of perigastric lymph nodes but is not a reliable tech-
nique for the detection of distant metastases. Positron
emission tomography (PET) has a role for detection of
distant metastases. MDCT and PET are both useful for
assessment of recurrence after surgical resection and
response to chemotherapy and radiation therapy. This
review discusses the role of CT, MRI, EUS and PET in
the diagnosis and staging of GC and assessment of treat-
ment response and the role of newer techniques includ-
ing CT volumetry, virtual gastroscopy, and perfusion CT.

Epidemiology

GC is the fourth most common cancer in the world, with
an estimated 989,600 new cases reported in 2008,
making up to 8% of all cancers and causing 738,000
deaths, accounting for 10% of all cancer-related
deaths[2]. The GC rates increase progressively with age,
with most patients aged between 50 and 70 years at pre-
sentation. The highest incidence rates are in Asia (partic-
ularly Korea, China and Japan) and many parts of South
America.

In most developed countries, the rates of GC have
declined dramatically over the past 50 years and similar
decreasing trends have recently been noted in areas with
historically high GC rates such as Korea. Decreases in
incidence have been attributed in part to reduction in
chronic Helicobacter pylori infection[3�5], and increased
screening in Japan[6] and Korea where the disease
burden is highest. Predisposing conditions that can
increase the risk of developing GC include dietary fac-
tors, Helicobacter pylori gastritis, atrophic gastritis, perni-
cious anemia, adenomatous gastric polyps and hereditary
factors[2].

Morphology, histologic types and
staging

Adenocarcinomas account for 95% of all GCs[7]. Most
GCs are polypoid or ulcerated[8,9]. Based on the level of
invasion, GCs are divided into early gastric cancer
(EGC) and advanced gastric cancer (AGC). EGC or
the superficial form is limited to the mucosa and submu-
cosa, regardless of the presence or absence of lymph
node metastases and can appear as a small circum-
scribed, sometimes ulcerated thickening of the gastric
wall[10]. AGC involves the muscularis propria or
beyond and can be polypoid, ulcerating, ulcerating infil-
trating and diffusely infiltrating (linitis plastica).
Histologically, GC is usually classified into intestinal or
diffuse histologic forms[11]. The intestinal type is pre-
sumed to arise from intestinalized gastric mucosa and
they are usually nodular, polypoid, or fungating. The dif-
fuse type is grossly ill defined and may have the appear-
ance of a plaque or linitis plastica. The occurrence of

GCs in the stomach is relatively evenly distributed with
30% occurring in the antrum, 30% in the body and 40% in
the fundus and cardia[12�15].

GC is an aggressive carcinoma with 5-year survival
rates ranging from 3% in the case of stage IV tumors to
85�90% in the case of stage I tumors[16�18]. The most
commonly used staging system for GC was developed by
the American Joint Committee on Cancer (AJCC)[18].
The tumors arising at the esophagogastric junction and in
the proximal 5 cm of the stomach are classified as esoph-
ageal carcinomas. The T stages of GC are defined as T1a
(tumor invades the lamina propria or muscularis muco-
sae), T1b (tumor invades the submucosa), T2 tumor
invades the muscularis propria), T3 (tumor penetrates
subserosal connective tissue), T4a (tumor invades the
serosa), and T4b (tumor invades adjacent structures).
The N stage categories are N1 (1�2 positive lymph
nodes), N2 (3�6 positive lymph nodes), and N3 (7 or
more positive lymph nodes). Positive peritoneal cytology
is classified as metastatic (M1) stage. The Japanese
Gastric Cancer Society classification further subdivides
T1-stage GC into three grades: M, limited to the mucosa;
SM1, minimal invasion into the submucosal layer; and
SM2, massive invasion into the submucosal layer[19].
Morphologically, the EGC are further classified into
type I (polypoid lesions protruding more than 5 mm
within the gastric lumen), type IIa (elevated lesion pro-
truding less than 5 mm), type IIb (flat lesion), type IIc
(depression lesion that is concave and does not reach the
muscularis mucosa), and type III (excavated lesion that is
ulcerated and reaches beyond the muscularis mucosa but
not the muscularis propria). The AGC are classified into
type I (polypoid tumors, sharply demarcated from the
surrounding mucosa, usually attached on a wide base),
type II (ulcerated carcinomas with sharply demarcated
and raised margins), type III (ulcerated carcinomas with-
out definite limits, infiltrating the surrounding wall, type
IV (diffusely infiltrating carcinomas in which ulceration
is usually not a marked feature), and type V (carcinomas
that cannot be classified into any of the above
types)[19,20].

The various staging schemes are used to provide a
guide for management and prognosis, which is discussed
in subsequent sections. The most useful issue is differen-
tiation between early and advanced GC, which allows for
potential endoscopic resection versus more invasive sur-
gical resection and/or neoadjuvant chemotherapy,
respectively.

Detection of GC

Upper gastrointestinal endoscopy is the preferred tech-
nique for detection of GC which is also useful in obtain-
ing histological confirmation of suspicious gastric lesions.
However, up to 6.7% of GCs may be missed when an
endoscopy shows no initial cancer findings[21]. Imaging
techniques are useful for staging the already detected GC
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but can also occasionally detect unsuspected cancers.
Routine clinical ultrasonography can detect liver metas-
tases; however, its use for detection and overall staging of
GC is limited as the gastric wall cannot be evaluated
adequately except in dedicated research studies. Several
studies have reported accuracy up to 90% or more with
MDCT for detection of GC with the use of multiplanar
reconstruction (MPR) and virtual gastroscopy (VG) tech-
niques[22�27]. However, MDCT detection of EGC is
moderate with accuracies ranging from 44% to
70%[23,25]. MRI and PET are not routinely used for detec-
tion of GC.

Staging of GC

EUS

EUS is a combined technique of high-frequency ultra-
sound (5�12 Hz) and endoscopy that allows evaluation
of the digestive tract wall and immediate adjacent struc-
tures. Although high-frequency ultrasound gives excellent
resolution and delineation of the gastric wall, the depth
of penetration is limited. The technique requires good
apposition of the probe to the gastric wall and this is
achieved by filling the stomach with deaerated water or
by placing a balloon filled with deaerated water on the tip
of the endoscope. EUS demonstrates normal gastric wall
as a five-layered structure[28] and up to 9 distinct layers
when using high-resolution probes[29]. The layers do not
always correspond to the histologic layers; additional
layers are caused by echoes produced by the interfaces
between the histologic layers. GCs are identified on EUS
(Fig. 1) as areas of focal thickening, irregularity or dis-
ruption of the layers[30].

EUS has been in use since the 1980s and is reported to
have very high T staging accuracy. It is regarded as the
modality of choice for local staging. The accuracy of EUS
for overall T staging varies between 65% and 92.1%. The
sensitivity and specificity for assessing serosal involve-
ment varies between 77.8% and 100% and between
67.9% and 100%, respectively[31]. The pooled sensitivities
for T stages are reported to be between 88.1% for T1
cancers, 82.73% for T2, 89.7% for T3, and 99.2% for
T4 cancers[32]. Another recent meta-analysis has shown
that EUS can distinguish T1�2 tumors from T2�4
tumors with a sensitivity of 0.86 (95% confidence interval
[CI] 0.81�0.90), and specificity of 0.91 (0.89�0.93)[33].
However, EUS is dependent on several factors such as
operator experience and the methodology used.
Furthermore, the presence of ulceration, large size, loca-
tion of the tumor and diffuse type histology are important
factors that influence the staging accuracy of EUS[34�36].
EUS cannot be performed adequately when the full
extent of tumor cannot be assessed due to high-grade
strictures[37,38]. The possibility of over staging and
under staging of tumors can occur due to discrepancy
resulting from additional echoes produced by the

interfaces between the different histologic
layers[30,39,40]. EUS is an invasive technique often requir-
ing sedation and has procedure- and sedation-related
complications. Furthermore, EUS has limited depth of
penetration and therefore limited usefulness in the overall
assessment of distant metastases.

The overall accuracy of EUS in N staging may be
as low as 30%[41] but generally ranges from 66% to
90%[42,43]. A simple size criterion for detection of
involved lymph nodes is not sensitive. EUS shows low
sensitivity for detection of N2�3 stages, which is techni-
cally difficult to observe[43]. With the use of EUS-guided
fine-needle aspiration (EUS-FNA) for nodal staging, the
accuracy has improved and the sensitivity, specificity and
positive predictive value of EUS-FNA are reported to be
92%, 98% and 97%, respectively[44]. EUS is not designed
to detect distant metastases and therefore CT, MRI, and
PET are used.

Despite the limitations, endoscopy and EUS continue
to play a major role in the management of adenocarcino-
mas. Several enhancement techniques have been devel-
oped to improve the detection of abnormal mucosal
lesions during endoscopy and include chromoendoscopy,
narrow band imaging, and confocal laser endomicro-
scopy. Recently developed treatment techniques such as
EMR and ESD are suitable alternatives to surgery in the
management of EGC.

In addition, EMR and ESD are established alternatives
to surgery in the management of EGC, defined as tumors
limited to the mucosa (T1a) or submucosa (T1b).
Current indications for EMR are based on the following
Japanese Gastric Cancer Society criteria (please see

Figure 1 EUS of an ulcerative lesion in the antrum. The
tumor (lesion) is seen to penetrate through the serosa with
a hypoechoic lymph node (*) also apparent. The lesion was
confirmed as a T4, N1 stage GC on histopathology after
total gastrectomy (image courtesy of Professor Lawrence
Ho, NUS, Singapore).
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earlier section on morphology, histologic types and stag-
ing): well-differentiated macroscopic elevated mucosal
lesions 52 cm in size, or depressed type 51 cm without
ulceration. Extended criteria have been proposed for
ESD: Well-differentiated mucosal lesions of any size with-
out ulceration, mucosal lesions 53 cm if ulcerated, and
differentiated lesions with minute (5500 mm) submuco-
sal invasion (SM1) and no evidence of lymphovascular
invasion on EUS or MDCT[45,46].

MDCT

MDCT is considered the best modality for the staging of
GC with its ability for non-invasive assessment of local
extension of tumor, nodal disease and metastases. Rapid
acquisition times allows for multiphasic imaging with a
single injection of intravenous contrast medium and high-
resolution three-dimensional image reconstructions.
Previously, studies performed with single-row detector
CT were prone to motion artifacts due to the long
breath holds required and generally had low resolution.
With the advent of MDCT and improved resolution and
the possibility of MPRs, the accuracy of evaluation of
invasion of the gastric wall has significantly
improved from 69�84% for single detector CT[47] to
80�89%[48,49] with MDCT.

MDCT technique

Patients are scanned after fasting for 4�6 h. Gastric dis-
tension is required to differentiate gastric tumors from
the collapsed normal gastric mucosa (Fig. 2). Good dis-
tension can be achieved with endoluminal contrast
agents, which help to distinguish the gastric lumen and
walls from adjacent structures and allow accurate evalu-
ation of gastric wall thickness. Negative endoluminal con-
trast agents such as water or gas produced by effervescent
granules are preferred. Positive contrast agents can
obscure small enhancing tumors or may produce pseudo-
lesions due to inadequate mixing and are therefore best
avoided. About 500�750 ml of water is ingested by the
patient 10�15 min before the scan and an additional
250 ml is administered just before the scan. Gas disten-
sion of the stomach can be performed with effervescent
granules, which produce carbon dioxide and distend the
stomach. We routinely use gas distension of the stomach
with 1�2 sachets of effervescent granules (EZ Gas II
Effervescent Granule Packets, EZ EM, New York) admi-
nistered with a small amount (5�10 ml) of water. It is
well tolerated by the patients and easier to administer,
even in those with nausea. Distension can be further
enhanced by inducing gastric wall hypotonia with either
scopolamine-N-butyl bromide (Buscopan, Boehringer
International, Ingelheim, Germany) or glucagon

Figure 2 Example illustrating the importance of distension of the stomach for determining the extent of GC. A 58-year-
old man with abdominal pain underwent routine CT (a, b) that showed some thickening (white arrow) of the stomach. An
endoscopic biopsy confirmed an adenocarcinoma. Staging CT (c, d) shows the actual extent of the tumor (block black
arrows) and the gastric fundus (*) is free of the tumor, which was not apparent in the initial CT due to collapsed normal
gastric mucosa in an undistended stomach.
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administered intravenously or as an intramuscular injec-
tion. The scans are usually obtained in the portal venous
phase performed at 60�70 s from the start of intravenous
injection of 100�150 ml of iodinated contrast at 3�4 ml/
s. Additional arterial phase scans may also be obtained at
30�35 s from the start of intravenous injection, which
may be useful to differentiate enhancing tumors from
normal gastric mucosa. Scans are usually obtained with
the patient in a supine position. The scan parameters
usually used are 120 kVp, 250 mAs; collimation
64� 0.625 mm, 3-mm helical thickness, and 1-mm recon-
struction thickness. Additional scans may be obtained
when necessary in lateral decubitus or oblique positions
to adequately distend different stomach segments
depending on the location of the tumor and the use of
water or gas as the distension agent[26,50]. A recent study
has shown that T staging of GC is not significantly
affected by the use of either gas or water as the distend-
ing agent[51].

MDCT staging of GC

Normal gastric walls may show multilayered patterns
with single, two or three layers on dynamic CT indepen-
dently of hypotonia[52,53]. The innermost enhancing layer
corresponds histologically to the gastric mucosa. The
intermediate hypoattenuating layer of 2�3 mm represents
the submucosa and the outer slightly hyperattenuating
layer of variable thickness corresponds to the muscular
propria and the serosa layer. However, this multilayered
pattern may not be visualized in all cases and not in all
parts of the stomach. The gastric wall may be seen as a
single layer especially when hypotonia is induced. The
characteristic CT finding in GC is disruption of the multi-
layered pattern of the gastric wall. GCs can cause vari-
able thickening of the gastric wall and associated
enhancement, which can also be variable. T1 tumors
can show non-transmural marked enhancement with
focal wall thickening or marked enhancement only with-
out wall thickening in a single-layer pattern, or thickening
and marked enhancement without abrupt obliteration of
the middle and outer layers in a multilayered pattern. T2
lesions can show transmural enhancement with focal wall

thickening in a single-layer pattern, or both abnormal
enhancement and abrupt obliteration of the middle
layer in a three-layered pattern, or of the outer layer in
a two-layered pattern, and with a smooth outer border of
the thickened gastric wall. Based on the multilayered gas-
tric wall appearance, several authors have proposed a CT
T staging of GC[23,27,42,49,51�55]. Table 1 shows the
pathologic T stages and MDCT T staging criteria mod-
ified to the latest TNM staging[18,51]. Focal thickening
greater than 5 mm in a well-distended stomach is consid-
ered to indicate a neoplastic lesion[49,54].

The diagnostic accuracy of MDCT for overall T staging
varies from 77% to 89%. The use of MPRs improves the
accuracy of T staging as they can demonstrate tumor and
perigastric fat in profile allowing better assessment of the
extent of tumor invasion (Fig. 3)[23,49]. In one study, the
overall accuracy of T stage prediction in 106 cases
increased from 77% for axial images alone to 84% with
MPR[49]. In an another study, Chen et al.[23] combined
VG and MPRs, which increased the overall accuracy of T
staging to 89% from 73% for axial images alone. A newer
CT reconstruction method called vessel probe in MPR
mode has been shown to improve the diagnostic accuracy
of T staging of GC[26]. Vessel probe, initially developed
for examination of small vessels can display images in
orthogonal multiplanar, oblique and curved reconstruc-
tions as well as three-dimensional and curved reformat
views. The vessel probe algorithm permits a more accu-
rate view of gastric wall stratification compared with
MPRs as it reduces partial volume artifacts. Another
technique called transient transparent projection (TTP)
was initially developed as a replacement for double-con-
trast barium enema images[16] and provides a topo-
graphic view of gastric lesions (Fig. 4) that may be
complimentary for diagnosis.

The overall accuracy, sensitivity and specificity of N
staging with MDCT are 79% (69�92%), 84.6% (78�92%)
and 73.9% (62�85.7%) respectively[23,24,49,55�58]. The
variable accuracies are due to changes in the nodal stag-
ing systems over the years and non-uniform evaluation of
resected lymph nodes. Nodal staging using additional
MPRs did not show significant improvement in a study

Table 1 Pathologic T stages and MDCT criteria for T stages of GC (compiled from Moschetta et al.[26] and Kim
et al.[49])

Pathologic T stage MDCT criteria

pT1: tumor invades the lamina propria,
muscularis mucosae or submucosa

T1: strong enhancement with focal thickening in the inner and/or middle layer, but the outer
layer shows no enhancement; enhancement of the stomach wall only but the wall is not
thickened; wall thickening with intense enhancement of the inner layer and the presence of a
hypodense stripe/layer

pT2: tumor invasion into the
muscularis propria

T2�3: the entire stomach wall thickness is thickened to variable extent but there is a regular
surface of outer layer of gastric wall; normal appearance of perigastric fat

pT3: tumor invades the subserosa
pT4a: tumor perforates the serosa T4a: the entire stomach wall is thickened with homogeneous or inhomogeneous enhancement;

irregular surface of the outer layer of the gastric wall; presence of micronodules or dense
stranding in the perigastric fat

pT4b: tumor invades adjacent structures There is extension of the tumor into adjacent contiguous organs in addition to wall thickening
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Figure 4 Large pyloric GC. TTP (a) simulating a double-contrast barium enema image. Coronal reformat image (b)
showing the view position for VG (c) which demonstrates the tumor similar to the endoscopic view (d).

Figure 3 Use of multiplanar reformation for determination of invasion into adjacent organs. In this example, the GC
(*) is not separable from the left lobe of the liver (arrow) on the axial image (a). On the coronal (b) and sagittal (c)
reconstructions, it is clear that there is no direct invasion by the tumor but apposition of the stomach wall to the left lobe
of the liver. The tumor was limited to the stomach wall at histopathology.
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by Kim et al.[49] with accuracies of 62% and 64% for axial
images and MPRs, respectively. In another study by
Chen et al.[23], the N stage did not significantly improve
using MPR images and VG with an accuracy of only 78%.
The MPRs are useful in T staging of advanced GCs[22,59]

but have inherent limitations for nodal staging because of
the high frequency of microscopic invasion of normal-
sized lymph nodes and the poor differentiation between
reactive and metastatic nodal enlargement. There is
increasing evidence that examination of an insufficient
number of lymph nodes may have a detrimental effect
on the overall survival of patients with GC who receive
curative treatment[60].

An initial study on MDCT staging using transaxial
images only reported an accuracy of 72% for M stage
assessment[61]. In another study, the detection of metas-
tases did not improve with MPR compared with axial
images only with an accuracy of 86% for both[49].

Serosal invasion and peritoneal metastases are of prog-
nostic importance. The sensitivity and specificity for
assessing serosal involvement with MDCT varies from
77.8% to 100% and 80% to 97%, respectively[31].
MDCT has also shown promise in the preoperative
diagnosis of peritoneal carcinomatosis and can assess
for the presence of ascites (Fig. 5), peritoneal nodules,
mesenteric thickening and fat stranding, which are
suspicious for peritoneal spread of disease. Factors pre-
dictive of peritoneal metastases include greater tumor
size, more advanced T stage, and the presence of
ascites[62�64].

MDCT has a low sensitivity of 43% for detection of
small (55 mm) peritoneal nodules compared with 89%
for detection of nodules 45 mm. The overall sensitivity
and specificity of MDCT for the detection of peritoneal
nodules were 75% and 92%, respectively. Presence of
ascites at staging CT has a sensitivity and specificity of
40% and 97% for the presence of tumor cells on cytology

and 51% and 97% for the presence of peritoneal metas-
tases, respectively[64]. Therefore the presence of free fluid
in the abdomen or pelvis should alert for the possible
presence of peritoneal carcinomatosis.

Despite the reported high accuracy of MDCT for the
detection of serosal invasion and peritoneal metastases,
these results should be regarded with caution as these are
well-controlled clinical studies and may not be applicable
to all populations. In view of the prognostic importance
of serosal invasion, many centers still practice preopera-
tive laparoscopy to assess for serosal invasion and peri-
toneal metastases, even in the absence of ascites before
laparotomy for gastric resection.

VG

VG is a three-dimensional endoluminal perspective
image that simulates endoluminal views at endoscopy
(Figs. 4 and 6). VG images can be obtained when CT
is performed with air as the distending agent and VG is
reconstructed using commercially available workstations
similar to virtual colonography. VG has been shown to
improve the detection of GC[49,58] and enable non-inva-
sive endoluminal evaluation of the extent and morphol-
ogy of GC. VG is particularly useful in the detection of
EGC (Fig. 5)[65]. Several studies support the use of VG
for the detection and characterization of early gastric
tumors. In a study by Kim et al.[66] VG had significantly
better performance than axial images for the detection of
EGC with sensitivity and specificity of 91.9% and 74%
and 62.9% and 82.9%, respectively. VG also had better
accuracy (0.89, P50.038) for detection of EGC com-
pared with accuracies of 0.78 and 0.81 for axial and
MPR images, respectively. Although VG may be useful,
it requires an additional 10�20 min for processing of
images, technical expertise and an experienced radiolo-
gist for interpretation.

Figure 5 Selected axial images (a�c) from a CT study using a GC protocol. A large circumferential mass at the
incisura (t) with enlarged perigastric and para-aortic lymph nodes (*) and free fluid noted in the pelvis. Peritoneal
metastatic disease and metastatic para-aortic lymphadenopathy were confirmed during laparotomy and on
histopathology.
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Staging of GC: EUS versus MDCT

Until recently, EUS was the most accurate and the pre-
ferred technique for local staging of GC and CT was
preferred for the detection of metastases. However, the
role of MDCT in GC is increasing as the technology
improves and various reconstruction methods to improve
staging are being developed[67]. Several studies compar-
ing the two techniques have shown that the accuracy of
CT is increasing and approaching that of EUS for T
staging[24,50,55,68]. One study showed that EUS and 4-
slice MDCT had comparable accuracies of 87.5% and
83.3%, respectively[58]. The inter-observer agreement for
MDCT has been reported to be almost perfect[55]. Some
authors even suggest that MDCT might replace EUS for
preoperative staging[42]. Ahn et al.[69] evaluated the accu-
racy of MDCT with MPRs compared with EUS for the

preoperative staging of 434 patients with GC. The
accuracies for T staging and negative predictive values
for nodal disease for MDCT/EUS were 92.2%/94.1%,
and 90.1%/92.6%, respectively. In another study,
Hwang et al.[43] compared EUS and MDCT with
MPRs for preoperative T and N staging in 277 patients
with GC. The overall accuracies for T and N staging with
EUS (75% and 66%) and MDCT (77% and 63%) were
not significantly different. Furukawa et al.[70] compared
MDCT with VG and EUS for the detection of GC and
accuracy of T stage prediction in 176 patients. The pre-
diction of T stage was similar for MDCT with VG and
EUS with accuracies of 82.2% and 83.7%, respectively
(P¼ 0.850). Both EUS and MDCT have similar accuracy
for assessing serosal involvement[31]. MDCT is a better
technique for distant metastases and peritoneal metasta-
ses, but EUS has also been shown to be useful for

Figure 6 Use of VG for early detection of GC. Transverse axial (a) and coronal reformat (b) images do not demonstrate
any focal thickening apart from thick mucosal folds. The VG image (c) corresponds well with the polypoidal ulceration
with fold truncation seen along the lesser curve (arrow) on endoscopy (d). This was confirmed as a T1b tumor on
histopathology after a partial gastrectomy.
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detection of ascites (Fig. 7) especially when no free fluid
is visible on CT. In one study, the sensitivity and speci-
ficity of EUS for the detection of ascites were 60.7% and
99.4%, respectively, and this was significantly related to
the presence of peritoneal seeding (P50.001)[71]. EUS is
valuable for differentiating T1a and T1b disease allowing
for selection of endoscopic mucosal and submucosal
resection, respectively. MDCT is not as accurate for
EGC but is equal to if not superior to EUS in differen-
tiating T2, T3 or T4 tumors. EUS has low sensitivity for
nodal staging and additional EUS biopsy is invasive and
impractical for routine use. MDCT is commonly used for
nodal staging and, if lymphadenopathy is suspected,
patients can undergo neoadjuvant chemotherapy before
evaluating for possible resection[43].

MRI

MRI provides better soft tissue contrast than CT, but due
to its long acquisition time and susceptibility to motion
artifacts, there has been limited use of MRI for gastroin-
testinal tract imaging with the exception of the small
bowel. Recent advances in MRI including shorter
breath-hold sequences and the use of intravenous con-
trast agents have made it feasible for imaging abdominal
organs[72]. MRI is promising for T staging of GC as
individual layers may be better differentiated compared
with CT. MRI is performed with gastric distension using
water or effervescent granules. Two recent studies have
shown favorable results for gastric tumor staging with
contrast-enhanced multisequence MRI compared with
the latest 64-row MDCT scanners using MPRs. Anzidei
et al.[73] studied 40 patients with MRI and CT with gas-
tric distension protocols. MDCT and MRI had

accuracies of 37.5%/50% for T1 stage and 81.2%/88.7%
for T2 stage, respectively, with no significant difference
in accuracy for evaluation of T3/T4 tumors. This study
showed that MRI may be superior for identifying early
stages of gastric cancer. Another study by Maccioni
et al.[74] compared MRI and MDCT for T and N staging
of GC in 25 patients. The detection rates of gastric
tumors were similar for MRI and MDCT (92%),
although reviewers in the study were allowed to compare
directly with endoscopic images. For MRI and MDCT,
accuracies of 60%/48% for T stage and 68%/72% for N
stage were noted, respectively. Although these studies
show that MRI was comparable with MDCT for T and
N staging in GC or possibly superior to MDCT for T
staging (Figs. 8 and 9), the small number of patients
studied does not provide strong evidence for the use of
MRI over CT and EUS. Currently, the use of MRI for
staging of GC is limited to special circumstances when
patients are allergic to iodinated contrast media, there is
concern about radiation exposure with CT or invasive-
ness of EUS, or as a problem-solving tool when both CT
and EUS are inconclusive.

PET

PET with 2-[18F]fluoro-2-deoxy-D-glucose (FDG) com-
bined with CT has been recognized as a useful diagnostic
technique in clinical oncology and several studies have
assessed the accuracy for nodal and metastatic staging in
GC[75]. PET is of limited value in EGC but may be useful
in detecting synchronous or multiple primary cancers.
PET has low sensitivity for the primary tumor (Fig. 10)
and lymph node metastases, therefore is limited in the
preoperative work-up and best used as part of a compre-
hensive work-up. The major advantage of FDG-PET/CT
is in the detection of distant metastases to the liver, lungs,
and skeleton[76]. In contrast, FDG-PET/CT has limited
accuracy in the detection of peritoneal disease[77].
Several studies have described patterns of FDG uptake
specific for peritoneal metastases including diffuse
uptake spreading uniformly throughout the abdomen
and focal peritoneal uptake representing deposits.
However, small peritoneal nodules may be missed due
to the low resolution of FDG-PET/CT, and MDCT
remains the most widely used technique for the detection
of peritoneal metastases[78].

Studies comparing FDG-PET/CT and MDCT have
demonstrated that FDG-PET/CT has lower or compara-
ble sensitivity and accuracy for the detection of primary
gastric tumors and nodal metastases[79,80].

Few studies have shown that uptake of tracer in the
primary tumor and nodes is an independent and signifi-
cant prognostic factor for predicting cancer recurrence or
non-curable operations[56]. A quantitative mean standard
uptake value (SUV) of greater than 5 and positive nodal
FDG uptake predicted non-curative operations with a
sensitivity of 35.2%, specificity of 91.0% and an accuracy
of 76.7%[56]. In light of these findings, FDG-PET/CT

Figure 7 EUS for peritoneal invasion. Thickening in the
antrum of the stomach (lesion), which is seen to penetrate
the serosa at multiple points (*). In addition, there is free
fluid (f) and peritoneal nodules (pn) consistent with peri-
toneal carcinomatosis confirmed at diagnostic laparoscopy
(image courtesy of Professor Lawrence Ho, NUS,
Singapore).
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may provide effective information to physicians to iden-
tify patients for whom resection would be non-curative
and then consider preoperative treatment such as neoad-
juvant chemotherapy.

Posttreatment assessment of GC

GC can be downstaged preoperatively with neoadjuvant
chemotherapy to allow for curative surgical resection
with improved progression-free and overall survival[2].
Assessment of response is currently performed with
MDCT and/or FDG-PET/CT.

On MDCT, the Response Evaluation Criteria in Solid
Tumors (RECIST) using the sum of the longest index
lesion diameters (uni-dimensional) is widely considered
the method of choice in the assessment of tumor
response to treatment. However, this measurement is sub-
ject to high variability and most studies have focused on
solid organ tumors with limited focus on response in GC.
For most gastrointestinal tract tumors, the primary tumor
has been considered unmeasurable according to RECIST

with response assessment focusing instead on uni-dimen-
sional measurement of involved lymph nodes. However,
this method is limited by both the high incidence of
normal-sized lymph nodes involved in metastatic disease
and the presence of enlarged lymph nodes secondary to
reactive hyperplasia[81]. An initial study by Ng et al.[82]

of 21 patients with non-metastatic gastric cancer showed
that CT is not accurate in identifying locoregional disease
spread after neoadjuvant chemotherapy with a sensitivity
and specificity of 57% and 43%, respectively. Recently,
techniques including CT tumor volumetry (TV) (Fig. 11)
and FDG-PET/CT have been shown to be useful for
response assessment.

TV has been demonstrated to be particularly useful for
assessment of treatment response. A 15% reduction in
tumor volume evaluated with MDCT has been shown
to correlate with histologic response to neoadjuvant che-
motherapy with 100% sensitivity and 53% specificity
(P40.05)[83]. Wieder et al.[84] compared FDG-PET/CT
and size of the tumors on MDCT before and after neoad-
juvant chemotherapy. The change in FDG-PET/CT
uptake was more than double the decrease in tumor

Figure 8 Multiplanar images from a CT (a, axial; b, sagittal; and c, coronal) and MRI (d, axial T1-weightedþcontrast;
e, sagittal; and f, coronal T1-weighted images) of a GC. There is an ulcerated mass along the lesser curve with
superficial enhancement involving550% of the gastric wall. No surrounding fat stranding or lymph nodes were detected.
The involved gastric wall is in close approximation to the left lobe of the liver with a fat plane best demonstrated on the
sagittal T1-weighted MRI sequence (e). A T2N0 stage gastric tumor with no evidence of peritoneal disease or liver
invasion was confirmed after a subtotal gastrectomy.
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size for those with a histologic response (P50.01).
In another study, Lee et al.[81] prospectively compared
CT TV with FDG-PET/CT in 33 patients with AGC. A
cut-off of 35.6% reduction in tumor volume had a

sensitivity of 100% and a specificity of 58.8% for response
to neoadjuvant chemotherapy, whereas reduction in
tumor diameter and SUV rate were not significantly cor-
related with response.

Figure 9 Sequential axial images from an MRI (a, T1-weighted arterial phase; b, T1-weighted portal venous phase; c,
T2-weighted) and CT (d�f) gastric protocol. There is a large circumferential mass in the antrum (t) with heterogeneous
enhancement and surrounding fat stranding (*). Adjacent lymphadenopathy (thin arrow) and a small amount of perito-
neal fluid (arrowheads) detected on the T2-weighted MRI sequence (c) suggesting peritoneal disease. Metastatic
peritoneal disease was confirmed on diagnostic laparotomy and histopathology.

Figure 10 Axial contrast-enhanced CT (a) and FDG-PET/CT (b) in a case of T2 stage GC along the lesser curve
(arrow) that shows uptake.
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Larger studies demonstrating the use of TV and FDG-
PET/CT are required to establish their clinical usefulness
in assessing treatment response.

Recurrent GC

After complete surgical resection of GC, long-term sur-
vival is poor with a 35% 5-year survival rate and 80%
dying secondary to locoregional recurrence. The optimal
method for assessing early GC recurrence is unknown
but various methods have been used including serum
tumor markers, endoscopy, FDG-PET/CT and CT[85].

CT is the most widely used imaging method due to its
availability, although postsurgical changes and altered
morphology may limit its specificity. FDG-PET/CT is
limited due to relatively poor uptake in most GCs.
Endoscopy is invasive but is the gold standard technique
for intraluminal recurrence. Tumor markers may allow
for selection of more invasive or expensive techniques.

A study by Tan et al.[86] on 102 patients who under-
went gastrectomy, compared intensive follow-up invol-
ving the use of routine physical examination, serum
tumor markers, and the use of contrast-enhanced CT
scans more than once per year versus clinical suspicion
of relapse. Those with intensive follow-up had earlier
detection (11.5 vs. 19.2 months, P¼ 0.02) but no
improvement in survival. Other authors have performed
similar studies looking at intensive versus regular follow-
up with earlier detection of recurrence apparent but no
improvement in survival[87].

Studies comparing FDG-PET/CT and MDCT have
been inconclusive in determining the most useful non-
invasive technique[80,88]. Bilici et al.[89] demonstrated
that sensitivity, specificity, accuracy, positive and nega-
tive predictive values of FDG-PET/CT were significantly

superior to those of MDCT in the detection of recurrent
GC. The FDG-PET/CT results changed the treatment in
nearly half of patients with subsequent therapeutic pro-
cedures in 50% and the avoidance of invasive procedures
in the other 50%. However, the study focused on
FDG-PET/CT performed for suspected distant metasta-
ses at diagnostic MDCT. FDG-PET/CT and MDCT
could therefore be used in combination to increase the
accuracy of detection of recurrent tumor.

Future directions

TV

More recently, TV has been assessed as an adjunct for
staging of GC and to assess response to neoadjuvant
chemotherapy. Kikuchi et al.[90] evaluated the tumor
volume of resected GC specimens in 171 cases and cor-
related this with survival. When compared with other
parameters such as the depth of tumor invasion, tumor
volume was identified as a significant prognostic factor
(P50.001; relative risk 10.351). Another study by the
same group[91] assessed the significance of TV using
EUS in 100 cases. This showed that increasing tumor
volume was an independent risk factor for lymph node
metastasis (P¼ 0.0121).

Currently, we have looked at the feasibility of CT TV
for the assessment of T, N and M stage in about 150
patients with predominantly AGC (unpublished data).
Our preliminary retrospective study has shown that CT
TV is feasible for staging of the tumors and had high
accuracies for the prediction of T, M and final stages
(0.8) and moderate accuracy for N stage (0.7�0.8) of
GC. In this study, a volume of 20 mm3 or less could
predict T1-stage tumors with490% accuracy (Fig. 12).

Figure 11 Axial CT images before (a) and after (b) neoadjuvant chemotherapy for pyloric GC. There was a 27%
reduction in the tumor volume with no significant change in the gross appearance of the tumor. A partial gastrectomy
was performed and complete necrosis was seen on histopathology.
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TV is a promising tool for providing additional para-
meters for preoperative staging and for assessment of
treatment response. TV requires additional processing
time and this may be substantially reduced by developing
automated volumetry. Larger studies demonstrating the
use of volumetry are required to establish its clinical
usefulness.

Perfusion CT

Perfusion CT (P-CT) allows measurement of physiologic
parameters associated with tumor perfusion and is an
established marker of angiogenesis[92,93]. The main
hemodynamic parameter assessed is the tumor blood
flow. Preliminary studies with P-CT of GC have shown
that blood volume was significantly increased in GC com-
pared with that of normal stomach mucosa[94] and there
was no difference between GC with and without lymph
node metastases. Another study by Yao et al.[95] showed
that a decreased blood flow value may reflect a progres-
sive state of GC. Tumor perfusion decreased as the stage
and malignant character of the GC advanced, suggesting
that P-CT can assess the malignancy grade of GC non-
invasively. P-CT-derived blood volume correlated signifi-
cantly with microvessel density of the tumor[96], which

may be valuable information during preoperative assess-
ment with potential for targeted therapies. Future studies
validating the usefulness of P-CT for individualized treat-
ment of GC are eagerly awaited.

Conclusion

Accurate preoperative staging of GC is essential for plan-
ning optimal surgical management. MDCT is currently
the preferred technique for staging of GC. EUS is the
most accurate technique for staging of EGC and assess-
ment of endoscopic treatment options. Accuracy of
MDCT for staging and detection of EGC can be improved
through the use of MPRs and VG, respectively. MRI is
currently not recommended for staging of GC. FDG-PET/
CT is most useful for detection of distant metastases and
recurrent postoperative GC. Both MDCT and FDG-PET/
CT are useful modalities for staging and treatment
response assessment. Overall, EUS, MDCT and PET
may be best utilized as complementary tools for compre-
hensive work-up in the management of GC.

Recent advances such as CT TV may provide addi-
tional information for preoperative staging of GC and
for assessment of treatment response. Perfusion CT

Figure 12 CT TV for staging. Axial CT sections (a, d), magnified focal view of tumor (b, e) and volumetry overlay
(c, f, yellow line showing the tumor outline) of a T2 stage tumor in the gastric cardia (top row, a�c) and a T3 stage
tumor in the antrum (bottom row, d�f). These tumors appear to be similar in size on the axial images. A hypodense
peripheral layer is seen in the case of the T2 tumor compared with the T3 tumor. The volume of the T2 tumor is 10 cm3

compared with 19 cm3 for the T3 tumor.
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may be useful for characterizing the biological behavior
of GC to enable targeted therapies.
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