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Abstract

There are two major stage classification systems for gastric
cancer: the tumor-node-metastasis (TNM) stages by the In-
ternational Union against Cancer (UICC) and the Japanese
Classification of Gastric Carcinoma by the Japanese Gastric
Cancer Association (JGCA). Preoperative stage classification
using either of these systems is essential for deciding on the
treatment strategy in the era of various multimodal thera-
peutic options. Evolution of multidetector computerized to-
mography with isotropic volumetricimaging and various 3D
images has increased the accuracy of T and N staging in pa-
tients with gastric cancer, although detection of peritoneal
deposits and nodal metastasis in the absence of lymphade-
nopathy remain problematic with the imaging tools current-
ly available. The TNM and JGCA classifications have under-
gone revisions independent of each other, and the discrep-
ancies were not helpful when international comparisons and
cooperation were needed. More recently, the JGCAand TNM
classifications were merged to have identical T and N cate-
gories, in addition to the more straightforward M categories
that indicate the presence of distant metastasis. The result of

these efforts is that researchers in Japan and the rest of the
world are now looking at a similar disease when they discuss
cancer that belongs to the same stage. A nomogram that
incorporates other established prognostic determinants in
addition to the TNM component may be a future direction
for a more sophisticated means of predicting outcome. The
increasing incidence of junctional (esophagogastric junc-
tion) cancer in the Far East has spurred researchers from this
region to adequately stage the disease and to consider suit-
able treatment modalities for this disease entity, whereas
Western researchers are more inclined to treat this disease
as esophageal cancer. This could be an area for future inter-
national debate. For the next more accurate staging, we sug-
gest the collaboration between Eastern and Western high-
volume centers in gastric cancer because the inconsistency
of surgical approaches, especially with respect to nodal re-
section, remains a barrier to mutual understanding.
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Introduction
Adequate preoperative stage classification is essential

for deciding on the treatment strategy and selecting the
optimal type of surgery. Accurate postoperative stage
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classification is useful for estimation of prognosis and
making decisions on postoperative treatment modalities.
Imaging studies, computed tomography (CT) in particu-
lar, have developed substantially over the last decade to
offer a more accurate diagnosis for the three major cate-
gories of the tumor-node-metastasis (TNM) stages by the
International Union against Cancer (UICC) [1]. The ex-
ception, however, is still the diagnosis of peritoneal seed-
ing for detection of which staging laparoscopy has been
increasingly in demand.

Accurate postoperative stage classification is impor-
tant when treatment outcomes are compared between the
institutions or at the setting of multi-institutional studies.
This is more difficult when a comparison has to be made
between different countries adapting different classifica-
tion schemes. Japan has compiled and used complicated
staging systems where extended lymphadenectomy is
necessary for decent N classification [2]. More recently,
the Japanese N classification scheme has merged with the
TNM system to facilitate international comparison and
cooperation. This review provides a brief overview of the
current status in the imaging modalities based on which
preoperative staging are made and describes the past,
present, and future of major stage classification systems,
of which the continuation of international cooperative ef-
forts to control gastric cancer will be based.

Radiologic Staging for Gastric Cancer

Currently, the standard staging modalities for gastric
cancer are endoscopic ultrasonography (EUS), CT, mag-
netic resonance imaging (MRI), positron emission to-
mography (PET) or PET/CT, and diagnostic laparosco-
py. EUS has the ability to image five distinct wall layers
with histologic correlation and to assess regional lymph
node involvement in addition to local tumor infiltration;
however, EUS is not suitable for detecting distant me-
tastases, including the liver and peritoneum. By virtue
of rapid advancement in CT technologies such as mul-
tidetector CT (MDCT) and 3D visualization software,
CT becomes a powerful imaging tool for noninvasive
evaluation of the stomach and can assess locoregional
and metastatic staging simultaneously. Current MDCT
with isotropic volumetric imaging and various 3D images
has increased the accuracy of T and N staging in patients
with gastric cancer. Volume-rendering images including
transparent or surface-rendering images enable radiolo-
gists to detect subtle mucosal abnormalities and provide
an overview of the lesion in the stomach. Coronal and
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sagittal multiplanar reformatted images permit radiolo-
gists to select the optimal imaging plane to accurately
evaluate tumor invasion depth of the gastric wall and
perigastric infiltration, and to differentiate lymph nodes
from small perigastric vessels [3].

For T staging, the staging accuracy is reported to be
higher with MDCT including coronal and sagittal multi-
planar reformatted images or with volume-rendering CT
gastrography than with conventional 2D axial CT images.
Although the stomach is histologically composed of five
layers (mucosa, submucosa, proper muscularis, subsero-
sa, and serosa), the gastric wall is generally detected as
three layers on CT: mucosal layers with high attenuation,
submucosal layers with low attenuation, and musculose-
rosal layers with high attenuation. T1a has a tendency not
to be visualized on 2D CT images and appears as a subtle
mucosal irregularity on 3D volume-rendering images.
T1b shows mucosal thickening with enhancement and
has a preserved low-attenuation stripe at the base of the
lesion corresponding to the submucosal layer (fig. 1) [4].
T2 appears as a thickened gastric wall with loss or disrup-
tion of a low-attenuation stripe but a clear and smooth
outer gastric surface around the lesion. T3 demonstrates
atransmural, full-thickness enhancement with wall thick-
ening. The differentiation of T3 and T4a on CT images is
difficult because the serosa of the gastric wall is not visible
on CT images and subserosal adipose tissue is different
from person to person. However, perigastric fat infiltra-
tion around the lesion indicates T4a rather than T3. Di-
rect invasion of a tumor into a contiguous organ or struc-
ture on CT images is diagnosed as a T4b tumor.

For N staging, lymph nodes are considered positive
when the short axis diameter is greater than 6 mm for
perigastric nodes and greater than 8 mm for extraperigas-
tric lymph nodes. Other criteria for malignant nodes in-
clude a round shape, loss of the normal fatty hilum, and
marked or heterogeneous enhancement. However, CT
accuracy for N staging (51-84%) is not satisfactory be-
cause microscopic involvement may not increase the size
of lymph nodes and reactive lymph nodes can be enlarged
up to 2 cm.

Given the importance of cost-effectiveness, enhanced
chest/abdominal MDCT with isotropic volumetric imag-
ing and various 3D images should be considered the most
useful radiologic imaging modality needed for preopera-
tive staging of gastric cancer (fig. 2). Additionally, infor-
mation on vascular anatomy is available through this mo-
dality, and this will facilitate lymphadenectomy proce-
dures both in open and laparoscopic surgery. When a
patient is considered a candidate for curative surgery, a
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Fig. 1. MDCT images of early gastric can-
cer in a 65-year-old woman. a Coronal re-
formatted CT image shows an enhancing
mucosal thickening (arrow) at the greater
curvature side of the gastric antrum. Note
the well-preserved low attenuating stripe
around the lesion, suggesting preserved
submucosal layer. b, ¢ 3D surface-rendered
image (b) and virtual endoscopic view (c)
of CT gastrography demonstrate a focal el-
evating lesion (arrow) at the corresponding
area. Laparoscopy-assisted distal gastrec-
tomy confirmed an early gastric cancer
with submucosa invasion (T1b, sm2).

PET scan is useful to rule out unexpected distant metas-
tases and EUS could be useful for more precise T staging.
Both of the modalities are recommended for work-up by
the National Comprehensive Cancer Network (NCCN)
guidelines for gastric cancer. At this time, MRI should be
spared for patients who are clinically suspected of having
liver metastasis. Bone scintigrams and brain scans should
be considered as clinically indicated.

Staging Laparoscopy

Although not a radiologic imaging modality, the im-
portance of staging laparoscopy needs to be mentioned
since it is an essential component of preoperative work-
up for gastric cancer. Laparoscopy can detect radiograph-
ically occult peritoneal metastases and prevent futile lap-
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arotomy in patients with gastric carcinoma. Furthermore,
peritoneal washes for cytologic examination which de-
tects endoscopically occult peritoneal metastases can be
performed through a laparoscopic approach. In the Sur-
veillance, Epidemiology and End Results (SEER) popula-
tion-based cancer registry data, staging laparoscopy was
performed in 7.9% patients who had any surgery, and
29.8% of these patients did not have a subsequent thera-
peutic intervention [5]. Leake et al. [6] found in a system-
atic review that surgery was avoided in 8.5-43.8% of cas-
es that underwent staging laparoscopy. Considering the
etiology of peritoneal metastases, staging laparoscopy
should be performed at least for patients with clinically
T4MO status. In addition, the information that a patient
is without any peritoneal deposits should be as accurate
as possible in clinical trials to test a neoadjuvant chemo-
therapy.

Ahn/Kim/Kodera/Yang
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Fig. 2. MDCT images of advanced gastric cancer in a 48-year-old
woman. a Axial CT image demonstrates an enhancing wall thick-
ening at the lesser curvature of the gastric antrum (arrows). Inter-
mediate high attenuating muscle layer (M) is also thickened, sug-
gesting invasion to the muscle layer. However, the outer margin is

UICC/AJCC TNM Staging System

Previous Staging Systems

The UICC/AJCC TNM classification and the Japanese
system are the two main staging systems representing
Western countries and Japan, respectively. Although the
UICC/AJCC TNM classification of the local spread of
gastric carcinoma was identical to the Japanese system,
the classification of lymph node metastasis and resulting
stage grouping of these systems was different until 2010
[7-9]. The Ist edition of the Japanese classification of
lymphatic spread describes four groups (N1-N4) based
on the anatomic station of the lymph nodes in relation to
the location of the primary tumor. The 5th UICC/AJCC
TNM classification of regional lymph node metastasis is
based on the anatomic location in relation to the primary
tumor [pNI1: metastasis in perigastric lymph node(s)
within 3 cm of the edge of the primary tumor; pN2: me-
tastasis in perigastric lymph node(s) more than 3 cm from
the edge of primary tumor lymph nodes or along the left
gastric, common hepatic, splenic, or celiac artery]. How-
ever, it was very difficult for pathologists to discriminate
between these two entities (pN1 and pN2) because of the
surgical technique of en bloc resection for gastric cancer
and the shrinkage of the specimen after fixation in forma-
lin [10]. Furthermore, the individual lymph node stations
in Japan were usually classified by the surgeon and sent
to the pathologist in separate individually labeled con-
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smooth and well-defined. b On an axial CT image 4 cm cranial
to a, there is an enlarged lymph node (arrow) near the common
hepatic artery (arrowhead). Subtotal gastrectomy confirmed the
diagnosis of advanced gastric cancer (pT2N1).

tainers, whereas in Western countries the anatomic local-
ization of lymph node metastases was usually determined
by the pathologist based on the formalin-fixed en bloc
resected specimen. Consequently, international compar-
isons of treatment results that took the different anatom-
ic extents of disease into consideration were not possible.

To overcome these difficulties in the classification of
regional lymph metastasis, the 5th UICC/AJCC TNM
staging system adopted the N stage determined by the
number of metastatic lymph nodes rather than by the
lymph node location [10-12]. After this significant
change, many reported the effectiveness and superiority
for prognostic stratification [10, 13, 14]. This N classifica-
tion based on the number of involved lymph nodes could
be applied worldwide without methodological problems
and was expected to increase the reproducibility of assess-
ment and provide improved prognostic information.

The 6th UICC/AJCC TNM staging system had only
small changes in which proper muscle tumors and subse-
rosal tumors were amended into T2a and T2b, respec-
tively [15, 16]. Until this staging system, a tumor in which
half was below esophagogastric junction (EGJ) was clas-
sified as gastric in origin [15, 16].

Current Staging System

The 7th UICC/AJCC TNM staging system adopted
some changes in TNM classification (table 1) and clarifies
the staging system tumor around EGJ [1, 17].
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Table 1. Differences in T, N, and M staging between the 6th and 7th classification systems

MO M1
6th
Involved LN, n
T1 Mucosa, submucosa
T2a Muscularis propria
MO T2b Subserosa
T3 Serosa
T4 Adjacent structure
M1
7th
Involved LN, n
T1 Mucosa, submucosa
T2 Muscularis propria
Mo T3 Subserosa
T4a Serosa
T4b Adjacent structure
M1

As for the changes in TNM classification, the first is
the definition of stage IV. Distant metastasis is now con-
sidered an incurable factor and was separated to stage IV,
and positive washing cytology is now considered as M1.
This addition can bring an important change to the man-
agement of patients who may otherwise undergo a futile
operation. Patients with positive cytology have shown
identical outcomes to the patients with distant metastasis
in both Western and Eastern countries [18]. Secondly, the
previous subgroups pT2a (muscularis propria) and pT2b
(subserosa) have now been classified as pT2 (muscularis
propria) and pT3 (subserosa). It was reflected in the re-
port that tumors invading the muscularis propria and
those invading the subserosa had different prognoses [19,
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20]. In addition, a more precise lymph node classification
has been adopted. pN1 (1-6 involved regional lymph
nodes) in the 6th system was amended into new groups:
pN1 (1-2 involved regional lymph nodes) and pN2 (3-6
involved regional lymph nodes). Furthermore, the pN2
(7-15 involved regional lymph nodes) and pN3 (more
than 15 involved regional lymph nodes) groups in the 6th
system were mergerd into a new pN3 group (more than
6 involved regional lymph nodes).

Many reports have validated and supported the 7th
staging system [21-25]. Most of the studies found the
5-year survival rates for each 7th TNM stage to be sig-
nificantly different from each other, based mostly on
Asian populations, and they found that it provides a more

Ahn/Kim/Kodera/Yang
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precise classification of prognosis than the 6th edition,
especially regarding pT2 and pT3 tumors and pN1 and
pN2 tumors [21-24]. Studies using Western populations
also concluded the superiority of the new edition [25, 26].
Furthermore, the Japanese Gastric Cancer Association
(JGCA) made a big decision to adopt the N stage deter-
mined by the number of metastatic lymph nodes [27].
These changes made comparison of results between
countries easier.

Although tumors with more than 6 involved regional
lymph nodes have been merged to a new pN3 in the 7th
classification, the 5-year survival rate for patients with
7-15 involved regional lymph nodes was significantly dif-
ferent from that with more than 15 involved regional
lymph nodes in a recent study [28]. Many others have also
reported that N staging in 6th system is more optimal
than that in the 7th system in Eastern populations [29-
31]. Some suggest that the 7th system is more complex
but does not improve the predictability for overall sur-
vival in Western populations [32, 33]. In addition, there
have been reports about the lack of information regarding
the extent of lymph node dissection and difficulty in its
application to surgical treatment planning with the N
staging system. Although it does not affect stage alloca-
tion, dividing N3 as N3a (7-15) and N3b (>15) is main-
tained in the 7th edition for future classification. On the
other hand, the idea of N classification with a positive
lymph node ratio has been continuously dealt with in
many studies [34-37].

Only continuing accumulation of data will allow us to
analyze what the cutoff number is of metastatic lymph
nodes with significant prognostic difference as well as en-
able us to determine which is better: the numeric classifi-
cation or lymph node ratio. For the first time, the Inter-
national Gastric Cancer Association (IGCA) was in-
volved in the revision of the 6th edition of the TNM
staging system for gastric cancer for the 7th edition and
is now running a task force for the next revision. Patient
data from major centers in the East and West have been
collected now and a more universal and reasonable stag-
ing system is expected to be formulated and proposed
from these data.

As for EGJ cancers, only the cancers whose epicenter
in the stomach is greater than 5 cm distal to the EGJ or
those within 5 cm of the EGJ but not extending into the
EG]J or esophagus are classified according to the gastric
cancer staging system. All other cancers whose epicenter
is in the lower thoracic esophagus, EGJ, or within the
proximal 5 cm of the stomach (cardia) that extend into
the EGJ or esophagus are staged as adenocarcinoma of the
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esophagus [1, 17]. Therefore, small cardia cancer within
5 cm but apart from the EGJ is classified as gastric cancer,
but it can be staged according to esophageal cancer after
it grows enough to reach to the EGJ. This esophageal can-
cer staging came from an assembled worldwide database
from three continents to overcome the previous esopha-
geal cancer staging system which had problems of em-
piric stage grouping and lack of harmonization with
stomach cancer [38-40].

Like these reference databases, some reports have sup-
ported that adenocarcinomas of the cardia and distal
esophagus could be classified together because of the
many similarities between them [41, 42]. However, there
have been some proposals that carcinoma of the cardia is
a type of gastric cancer which must be treated or classified
according to criteria for gastric cancer surgery [43-45].
The extremely different incidence of esophageal adeno-
carcinoma, EGJ cancer, and gastric cancer in Western and
Eastern countries has limited the well-designed compara-
tive research. The reference data for esophageal cancer
staging were collected through the Worldwide Esophageal
Cancer Collaboration in which there were only two East-
ern hospitals among the 48 participating institutions and
about 65% of the data used for the analysis was collected
before 2000 [38-40]. Moreover, the Japanese population
that represents the Eastern population usually has a much
shorter length of the lesser curvature (about 15-20 cm)
than Americans, who represent the Western population
[46]. Considering distance criteria from the 7th staging
system, there is only a very small area remaining for the
upper third of the stomach after excluding the upper 5 cm
of both the lesser and greater curvatures for EGJ cancer.
Recently, Suh et al. [47] reported that an EGJ tumor with
an epicenter located in the stomach showed a very similar
prognosis with gastric cancer, irrelevant to the involve-
ment of the EGJ, using a database of Korean institutes.
Again, the upcoming IGCA taskforce proposal for the fu-
ture TNM staging system will include this issue too.

The reference database was collected on the outcome
for surgery alone as the therapy. Chemotherapy and ra-
diation therapy have not been directly compared with one
another, nor have enough GEJ tumors been treated to
power a direct comparison [48]. Only accumulation of
data on outcomes for each stage, particularly in patients
undergoing neoadjuvant treatment, will allow better clas-
sification in the future to guide treatment.

Other Staging Systems
The TNM classification of the UICC/AJCC and the
Japanese classification by the JGCA considered only the
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depth of invasion, the number of metastatic lymph nodes,
and distant metastasis. However, other factors such as
age, sex, size of the tumor, location, and differentiation
could be considered for predicting individualized surviv-
al. Nomograms have been developed to quantify risk by
combining prognostic factors in some diseases. There is
a nomogram for gastric cancer patients based on a West-
ern database and validated in a Western population [49-
51]. Recently Han et al. [52] developed and externally val-
idated a nomogram predicting 5- and 10-year overall sur-
vival after D2 gastrectomy for gastric cancer based on an
Eastern database. Using these nomograms with many sig-
nificant clinicopathologic variables, the prognosis of pa-
tients with gastric cancer can be more precisely predicted

Conclusion

The 7th UICC/AJCC TNM staging system for gastric
cancer improves the T designations and the prognostic
stratification of the N status and has added clearer defini-
tions for M1 disease to optimize treatment options. For
the next more accurate staging, we suggest the collabora-
tion between Eastern and Western high-volume centers
in gastric cancer because the inconsistency of surgical ap-
proaches, especially with respect to nodal resection, re-
mains a barrier to staging patients after resection despite
induction therapy. As for EGJ cancer, issues persist, al-
though the 7th UICC/AJCC TNM staging system aimed
to improve harmonization of gastric and distal esopha-

than when using TNM stage.

—_
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