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Abstract

Gastric cancer is a common deadly cancer worldwide.
The tumor-node-metastasis (TNM) staging system is one
of the most commonly used staging systems, and is ac-
cepted and maintained by the International Union
against Cancer (UICC) and the American Joint Com-
mittee on Cancer (AJCC). The TNM system is well
known to effectively predict the prognosis of gastric
cancer patients. The latest revision of TNM staging was
presented in the 7th edition of the AJCC in 2009.
Multi-detector row CT (MDCT) is a powerful test for
non-invasive evaluation and can assess metastatic and
locoregional staging simultaneously. Current MDCT
with isotropic imaging and 3D images has increased the
accuracy of T and N staging in patients with gastric
cancer. Multi-planar reformatted images permit the
radiologist to select the optimal imaging plane to accu-
rately evaluate tumor invasion depth of the gastric wall
and perigastric infiltration to identify a fat plane between
a tumor and adjacent organs, to avoid partial volume
averaging effects, and to differentiate lymph nodes from
small perigastric vessels. Thus, MDCT provides a useful
all-in-one diagnostic method for the pre-operative eval-
uation of patients with known, or strongly suspected,
gastric cancer according to the 7th AJCC TNM staging
system.
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Background

Gastric cancer is the 4th most common cancer and the
2nd leading cause of cancer-related deaths worldwide [1].
The incidence of gastric cancer is particularly common in
eastern Asia [2]. In the past, the prognosis for gastric

cancer patients was poor. The tumor-node-metastasis
(TNM) staging system is well known as a prognostic
factor which effectively predicts prognosis in gastric
cancer patients [3]. The 5-year survival rate of patients
with advanced gastric cancer (AGC) is 7%–27%, whereas
the 5-year survival rate of patients with early gastric
cancer (EGC) is 85%–100% [4–6]. The TNM staging
system is renewed periodically in light of evidence and
advances in understanding cancer prognosis. The latest
revision of TNM was presented in the 7th edition of the
American Joint Committee on Cancer (AJCC) in
2009 [7].

Current treatment options for gastric cancer vary
from endoscopic mucosal resection (EMR) to pre-oper-
ative chemoradiotherapy, followed by gastrectomy,
depending on tumor stage. In general, complete surgical
resection provides the only chance for a cure. Therefore,
appropriate pre-therapeutic staging by imaging tech-
niques is critical in determining the optimal treatment.

There are several diagnostic methods to evaluate the
extent of gastric cancer. Double-contrast barium studies
have frequently been performed for the detection and
anatomic localization of gastric tumors. Due to technical
advances in endoscopy and EUS, the clinical use of
barium studies has greatly diminished. Endoscopy pro-
vides direct visualization of lesions and an opportunity
for biopsy. Endoscopic evaluation of gastric ulcers has a
sensitivity of 98% for diagnosing gastric cancers of all
stages [8] compared to barium studies with a sensitivity
of only 14% in EGCs [9]. In the past, double-contrast
barium examination and upper gastrointestinal endos-
copy were used for the assessment of gastric cancer.
Currently, the standard imaging methods for gastric
cancer are endoscopic ultrasonography (EUS), com-
puted tomography (CT), magnetic resonance imaging
(MRI), and diagnostic laparoscopy. Each modality has
strengths and weaknesses in diagnosing and staging dis-
ease for treatment planning. In the staging of gastric
cancer, EUS has the ability to image five distinct wall
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layers with histologic correlates and to assess regional
lymph node involvement in addition to local tumor
infiltration [10]; however, EUS is not suitable for
detecting distant metastases, including the liver and
peritoneum. CT has been used for pre-operative staging
work-ups, including assessment of liver metastases and
distant spread after endoscopic evaluation with or
without biopsies. Current multi-detector row CT with
thin collimation provides isotropic imaging, which allows
marked improvement of imaging resolution, especially in
multi-planar reconstruction (MPR) images and virtual
endoscopy. Some studies have reported that MDCT with
MPR and three-dimensional (3D) images increases the
accuracy of T staging in patients with gastric cancer [11,
12]. 3D virtual endoscopic images facilitate locating a
lesion. Thus, MDCT with MPR images and 3D images is
used as a routine protocol for gastric cancer staging.
MRI has not been shown to provide higher diagnostic
accuracy than CT for tumor staging or detection of
lymph node metastases. Advances in MRI techniques,
including the development of breath-hold sequences and
the use of intravenous contrast agents, have also made
MRI feasible for abdominal imaging, including imaging
of the stomach [13, 14]; however, MRI is subject to
artifacts secondary to respiratory and cardiac movement,
and peristalsis in the thorax and abdomen; thus, the role
of MRI for staging of gastric cancer is limited [15]. These
imaging modalities have similar results with respect to
diagnostic accuracy in T staging and a moderate degree
of sensitivity and specificity in detecting lymph node
metastases [16, 17]. Therefore, CT is most useful for pre-
operative staging with respect to CT evaluation of
simultaneous metastatic and locoregional staging.

This review mainly discusses the diagnosis and pre-
therapeutic staging of gastric cancer based on 7th edition
of the AJCC TNM staging system with MDCT, includ-
ing MPR images, and a brief review of the current
management of gastric cancer.

Imaging Technique

Patient Preparation

All patients fasted for at least 6 h before the examination
to empty the stomach. Each patient received an intra-
muscular or intravenous administration of scopolamine
butylbromide (10 mg) 10–15 min before the study to
decrease peristaltic bowel movement if there were
no contraindications, such as a history of glaucoma,
arrhythmias, or symptoms of urinary outflow obstruction.

Oral Contrast

When CT is performed for gastric disease, optimal gas-
tric distention is necessary because a collapsed stomach
can obscure disease or simulate pathology. Oral contrast
has been categorized as positive [high density (diluted

barium)], neutral [iso-density (water)], and negative [low
density (air)]. Among these oral contrast agents, a posi-
tive contrast agent has not been used because it interferes
with data manipulation during 3D imaging of the
abdomen and evaluation of the enhancement pattern of
the gastric wall. Thus, neutral (water) or negative (air)
contrast agents are preferred to positive agents. With
respect to virtual gastroscopic evaluation, negative oral
contrast using effervescent granules is more effective. A
recent study reported [18] that MDCT using the gas
distention technique showed better detectability for the T
staging of pre-operative gastric cancer comparable to
that of the water distention technique.

Position

There are variable positions depending on the location of
the lesion and oral contrast. When CT is performed using
water, prone and supine positions are generally used.
When CT is performed using air, a 30� left posterior
oblique (LPO) position provides better gastric distention
and less residual fluid in the lower part of the stomach.
The right lateral decubitus position provides better gas-
tric distention and less residual fluid in the upper part of
the stomach, and is generally used to reduce potential
obscuring of the lesion due to interference from the
proper lumen–wall interface caused by the administra-
tion of effervescent agents and residual water on 3D
imaging of the stomach [19]. At our institute, patients are
placed in the left lateral decubitus position to shift the
gastric contents from the lower two-thirds of the stomach
to the fundus. Then, the patients are immediately placed
on the scanning table in a 30� LPO position by placing a
pillow under the back. If an earlier study had shown the
lesion to be located in the upper one-third of the stom-
ach, a right lateral decubitus position was used. An initial
scout image was obtained to ensure adequate gastric
distention.

Scanning Protocol

At our institution, MDCT is performed with a 64-
detector row CT scanner (LightSpeed VCT; GE
Healthcare, Milwaukee, WI, USA). Two sets of two-
phase CT scans were obtained. Unenhanced CT was not
performed. For contrast-enhanced CT, a dose of 2 mg/kg
of a non-ionic contrast agent (Iopromide, Ultravist;
Schering, Berlin, Germany) is administrated intrave-
nously through an 18-gauge angiographic catheter at a
rate of 4 mL/s using a power injector (OptiVantage,
Liebel-Flarsheim; Mallinckrodt, Neustadt, Germany).
CT scanning was started 40 s after contrast material
injection (in the arterial phase). The scanning range was
from the xyphoid process to the lower end of the stom-
ach. Then, CT scanning was started 70 s after contrast
material injection (in the portal venous phase). The
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scanning range was from the xyphoid process to the
lower end of the symphysis pubis. CT scanning param-
eters were as follows: 64 detector rows; beam collima-
tion, 0.625–40 mm; pitch, 0.984; kVp/effective mA, 120/
300; and gantry rotation time, 0.6 s. Isotropic raw data
were acquired with a slice thickness of 1.25 mm and an
interval of 1.25 mm at MDCT. Using this raw data, a
transverse image was obtained with a slice thickness of
3.75 mm and an interval of 3.75 mm, then 3D CT gast-
rography and coronal and sagittal MPR images were
reconstructed on a workstation. Each MPR image was
obtained at 3-mm intervals with a slice thickness of
3 mm.

Staging of Stomach Cancer

Gastric cancers may manifest as focal mural thickening
with or without ulcerations, polypoid lesions, or diffuse
mural thickening. EGC is usually defined as malignant
invasion confined to the mucosa or submucosa, regard-
less of the presence of lymph node metastasis, while
AGC invades the muscularis propria or beyond [20, 21].
EGCs are classified into three types, as follows: type I
lesions are elevated and protrude >5 mm into the
lumen; type IIa lesions are elevated, but protrude <5 mm
into the lumen; type IIb lesions are essentially flat; type IIc
lesions are slightly depressed, but do not penetrate the
muscularis mucosae; and type III lesions are true mucosal
ulcers that penetrate the muscularis mucosae, but not the
muscularis propria [22]. AGCs can manifest as large,
segmental, or diffuse wall thickening with or without
ulceration or large, polypoid, and fungating lesions. Sig-
net-ring cell cancer often manifests as obliteration of
gastric folds and diffuse thickening of the gastric wall
(linitis plastica) [21]. The TNM system is one of the most
commonly used staging systems, and is accepted and
maintained by the International Union against Cancer
(UICC) and the AJCC. The latest revision of TNM pre-
sented in the 7th edition in 2009 (Table 1) [7].

T Staging

Pathologically, the stomach is composed of five layers
(mucosa, submucosa, proper muscularis, subserosa, and
serosa). However, the gastric wall is generally detected as
three layers on CT; mucosal layers show high attenua-
tion, submucosal layers show low attenuation, and
musculoserosal layers show high attenuation [23]. Tumor
size and invasion depth are independent factors for vis-
ibility. EGC is little visualized on MDCT with 2-
dimensional imaging protocols [24]. The diagnostic per-
formance of hydro-stomach CT to detect an EGC is not
significantly different between blinded and unblinded
analysis after knowing the location of the cancer [25].
In contrast, Kim et al. [26] reported that isotropic
MDCT with MPR images, including coronal or sagittal

reconstructions, can improve the accuracy of pre-oper-
ative T and N staging of gastric cancer. However, CT
gastrography provides more effective detectablilty than
hydro-stomach CT. Several studies have reported that
hydro-stomach CT with 2D-based image analysis pro-
vides a 36%–48% EGC detection rate, while CT gast-
rography with 2D- and 3D-based image analysis
provides a 73%–96% EGC detection rate [11, 26–28].

In the CT images demonstrating mural invasion of
cancer in the gastric wall according to the 7th AJCC, T1a
(Fig. 1) has a tendency not to be visualized on 2D CT
images, and T1b frequently shows mucosal thickening
with enhancement. In the differential point between T1b
and T2 on CT images, T1b demonstrates a low-attenu-
ation stripe at the base of the lesion corresponding to the
submucosal layer, while T2 demonstrates a thickened
gastric wall with loss or disruption of a low-attenuation
stripe, but a clear and smooth outer gastric surface
around the lesion [29] (Fig. 2). Previous CT criteria of T3
tumors have included nodular or irregular outer borders
of the thickened gastric wall or perigastric fat infiltration
[30]. Based on the new 7th AJCC T staging of gastric
cancer, the differentiation of T3 and T4a on CT images is
very difficult because the serosa of the gastric wall is not
visible on CT images and subserosal adipose tissue is
different from person-to-person (Figs. 3 and 4). In
addition, the differentiation of perigastric infiltration
from gastric cancer and perigastric inflammation or
fibrosis on CT images can be difficult thus T2 tumors
could be over-staged as T3 tumors or T4 tumors [30]
(Fig. 5). Direct extension and invasion of tumor into a
contiguous organ or structure on CT images is diagnosed
as a T4b tumor.

N Staging

Clinically, N staging is as important as T staging in
deciding the appropriate surgical treatment and in
determining the prognosis of gastric cancer. Previous
studies [21, 31] have reported that regional lymph nodes
are considered involved when the short axis diameter is
>6 mm for perigastric lymph nodes and >8 mm for
extra-perigastric lymph nodes. Other criteria for malig-
nant involvement include a nearly round shape (longi-
tudinal: transverse diameter ratio <1.5), loss of the
normal fatty hilum, and marked or heterogeneous
enhancement. However, nodal staging on CT images is
inherently difficult independent of the technique used. In
N staging of gastric cancer, the accuracy of previous
reports has ranged from 51% to 83.8% [21, 26, 28, 32–
35]. A recent study [26] with isotropic MDCT with MPR
images, including coronal or sagittal reconstructions,
achieved an improvement in the accuracy of pre-opera-
tive N staging of AGCs, while having little impact on the
accuracy for EGCs. Therefore, the use of MPR imaging
is expected to help the evaluation of pre-operative N
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staging. Although the size, CT attenuation values, and
configuration of lymph nodes are used as criteria for
nodal involvement, the reason for those poor results are
considered to be caused by the lack of worldwide con-
sensus regarding reliable CT criteria for metastatic
lymph nodes. The wide ranges of sensitivity (62.5%–
91.9%) in the literature demonstrate this problem of CT
in nodal staging [17]. Although there is a clear correla-
tion between lymph node size and cancer involvement,
CT has significant inherent limitations in the nodal
staging of gastric cancer because enlarged nodes may
subsequently be proven to be inflammatory, whereas
normal-sized nodes may be metastatic (microscopic no-
dal invasion).

M Staging

Distant metastases of gastric cancer could be categorized
as hematogenous metastases, lymphatic metastases, and
direct peritoneal metastases. Hematogenous metastases
from gastric cancer most commonly involve the liver
through the portal vein. Other less common sites of
hematogenous spread include the lungs, adrenal glands,
kidneys, bones, brain, and other regions of the gastro-
intestinal tract. In lymphatic metastasis, lymph node
involvement, with the exception of the perigastric areas,
is considered M1 disease. Hepatoduodenal nodes are
considered distant metastatic nodes, but hepatoduodenal
nodes are difficult to distinguish from common hepatic

Table 1. Pathologic staging of
gastric carcinoma using T
(tumor), N (node), and M
(metastases) system
(AJCC) [7]
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nodes. AGCs can develop peritoneal metastases which
are correlated with tumor size and T staging [36]. The
pre-operative diagnosis of peritoneal carcinomatosis is
important to prevent unnecessary open surgery. CT
findings suggesting peritoneal metastasis are as follows:
ascites; the presence of soft tissue nodules or plaques on
the peritoneal surface; small bowel wall thickening and
nodularity; intra-abdominal fat stranding; and peritoneal
thickening and/or enhancement [37] (Fig. 6). The pres-

ence of ascites on CT is the most important factor pre-
dicting peritoneal metastasis. Chang et al. [38] noted that
when the estimated CT-defined ascitic volume
was ‡ 50 mL, peritoneal carcinomatosis was identified in
75%–100% of patients. Yajima et al. [39] reported that
positive ascites on CT predicted the presence of perito-
neal metastasis with 51% sensitivity and 97% specificity.
Therefore, when ascites is detected on CT images, we
should search for seeded nodules in the peritoneal cavity.

Fig. 1. A 58-year-old woman with early gastric cancer (type
IIa + IIc) in the angle of the stomach, which was pathologically
confirmed to be tubular adenocarcinoma and confined to the
mucosa of the gastric wall (T1a). Transverse CT scans (A)

and coronal MPR images (B) do not show any abnormalities
of the stomach. However, 3-D reconstruction images (C)
display a slightly elevated lesion (arrow) with ulceration on the
gastric angle.
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Management

The choice of treatment for patients with gastric cancer
relies on the TNM stage of the disease, location and size

of stomach, and condition of the patient. There are
several available treatment options, including surgery,
chemotherapy, or radiotherapy. Among the treatment

Fig. 2. A 29-year-old woman with advanced gastric cancer
in the lesser curvature of the antrum, which was pathologically
confirmed to be signet-ring cell carcinoma invading the mus-
cularis propria (T2). Transverse CT scans (A) and sagittal

MPR images (B) show focal wall thickening (arrow) of the
lesser curvature of the gastric antrum with mucosal
enhancement and focal disruption of the low-attenuation
stripe, but a smooth outer surface around the lesion.

Fig. 3. A 62-year-old man with advanced gastric cancer in
the lesser curvature of the pre-pyloric antrum, which was
pathologically confirmed to be tubular adenocarcinoma pe-
netrating the subserosal connective tissue (T3). Transverse
CT scans (A) and coronal MPR images (B) show segmental
wall thickening (arrow) of the lesser curvature of the pre-

pyloric antrum with enhancement through the gastric wall and
loss of the low-attenuation stripe, irregular outer surface
around the lesion, perigastric fat infiltration, and suspected
tiny omental nodules. The pre-operative diagnosis of the
lesion was T4 cancer with possible localized peritoneal
seeding.
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options, complete surgical resection of the gastric cancer
is generally considered the only effective curative treat-
ment [40, 41]. An EGC < 2 cm in size with well- or
moderately-differentiated histology limited to the mu-
cosa and the superficial submucosa above the muscularis
propria can be assessed by endoscopy, such as EMR and
endoscopic submucosal dissection (ESD). Endoscopic
treatments can only be curative when there is no lymph
node metastasis at the time of treatment. Gotoda et al.
[42] reported the en bloc resection rate of EGCs was
79%–100%, with local recurrence, bleeding, and perfo-
ration rates of 0%–1%, 1.7%–38%, and 0%–5%, respec-
tively. The major advantages of non-surgical treatments
are low morbidity and mortality with preservation of

normal digestion and quality of life. Several centers [43,
44] have reported that cancer-free survival after endo-
scopic treatment is equivalent to that accomplished by
surgical resection. A recent study [45] noted that 10-year
survival rates of complete en bloc EMR for mucosal
EGC is 99%.

Traditionally, radical surgery is recommended for
patients with T1, T2, and T3 cancers with a relatively low
lymph node burden. The aim of surgical resection is
complete removal of the tumor. A tumor-free (R0)
resection margin of at least 5 cm is usually required for
proximal and distal margins of gastric cancer. Depending
on the tumor location, a total gastrectomy for tumors in
the proximal two-thirds of the stomach and a subtotal

Fig. 4. A 43-year-old woman with advanced gastric cancer
in the greater curvature of the lower body, which was patho-
logically confirmed to be tubular adenocarcinoma penetrating
the serosa (T4a). Transverse CT scans (A) and sagittal (B)
and coronal (C) MPR images show segmental wall thickening

(arrow) of the greater curvature of the lower body of the
stomach with enhancement and loss of the low-attenuation
stripe, nodular outer gastric surface around the lesion, and
minimal perigastric fat infiltration. The pre-operative diagnosis
of the lesion was T3 cancer.

M. H. Lee et al.: Imaging and staging with MDCT 537



gastrectomy for tumors in the antrum or pylorus are
performed. A randomized trial revealed the morbidity,
mortality, and 5-year survival rates for patients with
distal gastric cancer after subtotal gastrectomy were
similar to total gastrectomy [46].

The extent of lymph node dissection for curative sur-
gery is somewhat controversial. The draining lymph nodes
of the stomach are categorized into 16 stations and these
stations are grouped as three clusters (D1, D2, and D3).
D1 includes perigastric lymph nodes, D2 includes nodes
along the hepatic, left gastric, celiac, and splenic arteries,
and the splenic hilum, and D3 includes nodes within the
porta hepatic and peri-aortic region. For 20 years, several
prospective randomized trials have not shown a statisti-
cally significant survival advantage of a D2 vs. D1 lym-
phadenectomy or a D3 vs. D2 lymphadenectomy [47–49].
A recent study reported complication rates of 17.9% and
12% with D2 and D1 dissections, respectively, and post-
operative mortality rates of 2.2% and 3%, respectively
[50]. Therefore, pancreas- and spleen-preserving D2 lym-
phadenectomies are recommended by the National
Comprehensive Cancer Network.

Patients with AGCs with T4 disease involving adja-
cent structures that cannot be easily resected and patients
with distant metastases should not undergo surgery.
Therefore, effective chemotherapy and radiation regi-
mens have been developed for use with surgical man-
agement, and a number of trials have been conducted or
are on-going. The results from these treatment modalities
have been modest, with little effect on overall survival.
Schein et al. [51] revealed that the 4-year survival rate in
patients with unresectable gastric cancer who received
combined radiation and chemotherapy (18%) was higher

than patients who received chemotherapy alone (6%).
Macdonald et al. [52] showed a 52% overall survival rate
with post-operative chemoradiotherapy compared to a
41% overall survival rate with surgery alone. A recent
study reported that patients with operable gastric or
lower esophageal adenocarcinomas who received peri-
operative cisplatin-based chemotherapy had improved
progression-free and overall survival [53]. Other treat-
ment options for unresectable tumors and for patients
with distant metastases are under development in a
number of clinical trials that are underway.

Conclusion

The technical advances involvingMDCT have broadened
the role of CT for evaluating patients with gastric cancer.
MDCT in conjunction with MPR images of the stomach
can enhance the performance of CT in the evaluation of
patients who have gastric cancer. Despite the limitations
of CT staging, such as an inability to identify metastatic
nodes with certainty and an inability to determine the
exact depth of tumor invasion through the gastric wall
(particularly T3 and T4a according to the 7th AJCC
TNM staging system), MDCT has provided detailed
evaluation of gastric morphology that can not only
identify primary tumors, but also provide pre-operative
staging, including regional and distant metastases. On the
basis of these considerations, we believe that MDCT is a
useful all-in-one diagnostic method for the pre-operative
evaluation of patients with known, or strongly suspected,
gastric carcinoma based on the 7th AJCC TNM staging
system. There are several treatment options available,
such as endoscopic resection, surgery, chemotherapy, or

Fig. 5. A 76-year-old man with advanced gastric cancer in
the greater curvature of the antrum, which was pathologically
confirmed to be tubular adenocarcinoma invading the mus-
cularis propria (T2). Transverse CT scans (A) and coronal
MPR images (B) show segmental wall thickening (arrow) of

the greater curvature of the gastric antrum with enhancement
and disruption of the low-attenuation stripe, and a nodular
outer surface around the lesion, but clear perigastric fat infil-
tration. The pre-operative diagnosis of the lesion was T3
cancer.
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radiotherapy. The selection of treatment options relies on
the TNM stage of the disease, and location and size of the
stomach. Complete resection of gastric cancer is generally
considered the only proven effective curative treatment
despite the availability of other treatment options.
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