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ABSTRACT

In order to refine the location and metastasis-risk density of 16 lymph node
stations of gastric cancer for neoadjuvant radiotherapy, we retrospectively reviewed
the initial images and pathological reports of 255 gastric cancer patients with lymphatic
metastasis. Metastatic lymph nodes identified in the initial computed tomography
images were investigated by two radiologists with gastrointestinal specialty. A circle
with a diameter of 5 mm was used to identify the central position of each metastatic
lymph node, defined as the LNc (the central position of the lymph node). The LNc was
drawn at the equivalent location on the reference images of a standard patient based
on the relative distances to the same reference vessels and the gastric wall using a
Monaco® version 5.0 workstation. The image manipulation software Medi-capture was
programmed for image analysis to produce a contour and density atlas of 16 lymph node
stations. Based on a total of 2846 LNcs contoured (31-599 per lymph node station), we
created a density distribution map of 16 lymph node drainage stations of the stomach
on computed tomography images, showing the detailed radiographic delineation of each
lymph node station as well as high-risk areas for lymph node metastasis. Our mapping
can serve as a template for the delineation of gastric lymph node stations when defining
clinical target volume in pre-operative radiotherapy for gastric cancer.

INTRODUCTION curative treatment, neoadjuvant radiotherapy has played

an increasingly prominent role in GC, particularly for

Gastric cancer (GC) is the fourth most common locally advanced disease [3, 4]. Several studies have

malignancy in the world, and half of all cases occur in demonstrated that pre-operative chemoradiotherapy for

East Asia [1]. In China, GC is the second most common resectable GC is associated with a significant survival
malignancy [2]. Although surgical resection is the central benefit compared with surgery alone [5-9].
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Lymph node (LN) metastasis is the main metastatic
pathway of GC, and the LN metastasis rate can be up to
10-20% in early GC [10]. The first English edition of
the general rules of the Japanese Research Society for
Gastric Cancer (JRSGC) classifies regional LNs into 16
stations by location, which has been widely accepted
and adopted in many countries [11]. In 2009, Matzinger
et al. established treatment guidelines for neoadjuvant
radiation of GC and suggested clinical target volumes for
elective lymph node stations (CTV,_ . ) [12]. However,
difficulty and confusion among radiation therapists in pre-
operatively determining CTV_ . has also been reported
[13, 14]. As radiation treatment fields become increasingly
conformal to limit doses to normal critical structures, there
is an urgent need to accurately identify evidence-based
CTV definitions for neoadjuvant radiotherapy of GC.
However, no consensus has been reached for this topic.
Thus, variability in CTV delineation can be large without
a universally accepted standard for mapping LN stations.

In 2009 and 2013, Matzinger et al. and Jansen et al.
developed contouring atlases for the gastric LN stations
[12, 13]. However, the atlases were created according
to expert opinions instead of using actual data regarding
the distribution of metastasis to LNs in GC patients.
Moreover, these studies did not provide the metastasis-
risk density for each LN station.

At present, medical image processing software is
widely used [15, 16], especially in the fields of radiology
and radiotherapy. In the current study, we retrospectively
reviewed the initial images and pathological reports of 255
GC patients with lymphatic metastasis, utilizing computer
technology to identify the location and metastasis-risk
density of 16 LN stations by computed tomography (CT)-
based vessel-guided delineation and to refine the CTV
delineation for neoadjuvant radiotherapy of GC.

RESULTS

The distribution of the 2846 examined LNcs is
shown in Figure 1. 1769 (62.2%) were described as
pathological- and radiological-positive lymph nodes
(PRLNS) and 1077 (37.8%) as radiological-positive lymph
nodes (RLNSs).

Figure 2 depicts the radiographic delineation and
metastasis risk density of the 16 LN stations on a standard
patient.

The right pericardial LNs run along the ascending
branch of the left gastric artery, located in the narrow
anatomic space between the gastric cardia and liver edge,
extending inferiorly by the lesser curvature LNs and in the
upper part of the nodes along the left gastric artery. The
high-risk metastasis region is located between the gastric
cardia and the ascending branch of the left gastric artery.

The left pericardial LNs run along the corresponding
esophageal branch of the left inferior phrenic artery. The
volume is medial to the gastric fundus and superior to the
hemidiaphragm.

The lesser curvature LNs run along the branches of
the left gastric artery and along the 2" branch and distal
part of the right gastric artery, which are defined laterally
by the gastric body, superiorly by the right pericardial LNs
and inferiorly by the suprapyloric LNs. The metastatic risk
density is higher around the branches of the left gastric
artery than around the right gastric artery.

The greater curvature LNs run along the short
gastric vessels, the left gastroepiploic vessels, and the 2"
branch and distal part of the right gastroepiploic artery.
This LN basin is defined laterally by the gastric body and
posteriorly by the spleen and splenic hilum LNs.

The suprapyloric LNs, which lie directly superior
to the gastric pylorus, run along the 1% branch and the
proximal part of the right gastric artery. The suprapyloric
LNs are bordered on the right side by the inferior portion
of the lesser curvature LNs.

The infrapyloric LNs run along the first branch and
proximal part of the right gastroepiploic artery down to
the confluence of the right gastroepiploic vein and the
anterior superior pancreatoduodenal vein. The infrapyloric
LNs lie inferior to the gastric pylorus and anterior to the
pancreatic head, and the lowest level is located in the right
front corner of the superior mesenteric LNs.

The left gastric LNs run along the trunk of the
left gastric artery between its root and the origin of its
ascending branch, the area located superior to the celiac
axis and inferior to the right pericardial LNs, merging
with the lesser curvature LNs. The metastatic risk appears
higher on the left side and anterior to the left gastric artery
than on the right side of the vessel.

The common hepatic LN station consists of
a defined volume around the vessel and is bordered
posteromedially by the celiac LNs and laterally by the
hepatoduodenal LNs.

The area containing the celiac LNs surrounds the
celiac artery, starting from its origin from the aorta to
its termination, where it branches off into the common
hepatic artery, the left gastric artery, and the splenic artery.
Our study found that the LN basins are concentrated in the
anterior half of the celiac artery.

The splenic hilar LN basin covers all the splenic
hilum vasculature, lies posterior to the greater curvature
LNs and posterolaterally to the spleen, and represents the
area between the spleen and pancreatic tail.

The splenic artery LN basin starts from the origin
of the splenic artery to the end of the pancreatic tail. The
high-risk metastatic region is located in the proximal part
of the splenic artery.

The hepatoduodenal ligament LNs lie along the
proper hepatic artery, the common bile duct, and the portal
vein and are located between the confluence of the right
and left hepatic ducts and the upper border of the pancreas,
in the anterior surface of the main portal vein.

The posterior pancreatic LNs lie on the posterior
surface of the pancreatic head and anterior to the paraaortic
LNs, extending to the portacaval space. It appears that the
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high-risk metastatic region is located in the higher position
of this volume.

The superior mesenteric vein LNs and middle colic
vessel LNs run along the surface of the superior mesenteric
vessels and the middle colic vessels, respectively, inferior
to the gastric wall.

The paraaortic LNs are divided into the 16al, 16a2,
16b1 and 16b2 stations. The 16al station is located in the
diaphragmatic aortic hiatus, on the left and right side of
the aorta. The 16a2, 16b1, and 16b2 paraaortic LNs extend
superiorly from the upper margin of the origin of the celiac
artery to the bifurcation of the iliac artery, within the
surrounding region and immediately adjacent to the aorta.
Our study found that the 16a2 and 16b1 stations were most
involved in LN metastasis, followed by the 16b2 station,
while the 16al station was seldom involved.

DISCUSSION

In the present study, we retrospectively reviewed
the initial images and pathological reports of 255 GC
patients with lymphatic metastasis. After contouring 2846
LNcs (31-599 per LN station) on CT images, we created
a density-distribution map of 16 LN drainage stations of
the stomach.Importantly, these stations can reflect the true
state of LN metastasis in patients. This is the first study to
take advantage of data-processing software to analyze the
distribution and high-risk areas of LN metastasis.

CT scans of the abdomen are mandatory for precise
preoperative tumor and node metastasis staging [17, 18].
Previous studies have reported that the diagnostic accuracy
of LN metastasis in gastric cancer has varied from 54—
84% [19], while the sensitivity has varied from 48-91%
[20, 21]. We used a 64-slice spiral CT with a scanning

550 1
506

500 4
450 A
400 A
350 4
300 4

262
250 4

155

150 1
111

94

100 A

Figure 1: Distribution of 2846 metastatic lymph nodes. N, :

N, : the number of radiological-positive lymph nodes.
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layer thickness of 1-mm pitch to ensure that all LNs were
detected. The number of LNs in each station ranged from
31-599 in our study, which is sufficient to create a LN
distribution in the software.

Previous studies that have developed contouring
atlases of the gastric LN stations based on expert advice
have several key differences compared with our study. For
example, the atlas created by Oscar M described the areas
corresponding to the 4" and 5" LN stations as covering most
of the gastric area [12], which may lead to radiation-related
side effects. Additionally, the atlas created by Jennifer
Y suggested that the areas corresponding to the 2" and
4™ LN stations cover all the fat space between the gastric
wall and abdominal wall [22], which is a large area around
the vessels. Our present study indicates that a definition
area should also describe the distance between vessels
and corresponding organs and the size of the surrounding
adipose space. For example, for the 15-6" perigastric LN
stations, we suggest that the volume should cover the fat
space between the corresponding vessels and the gastric
wall, whereas the volume can vary according to the
surrounding adipose space for the other side of the vessels.

A previous study also suggested that CTV_ .
should be defined by a 5-mm margin around the
corresponding vessels [12]. However, our study indicates
that differences exist among the different LN stations with
respect to the distance between vessels and corresponding
organs and the size of the surrounding fat space. Moreover,
metastatic risk is also an important indicator of the margin
range of corresponding vessels. For example, because the
lesser curvature station has the highest metastatic rate of
the stations, we suggest the volume of the 3 LN station
should be defined by a 10-20 mm margin around the
corresponding vessels or should cover the overall adipose
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gap of the lesser curvature if the area is too small. The
7™ LN station also has a high risk of metastasis, and the
volume should cover a 5-15 mm margin or the overall
adipose gap along the left gastric artery. For the 1%, 2", 4,
5t 6t 8h-12™ 14%M and 15" LN stations, we suggest the
volume should be defined by a 5-10 mm margin around
the corresponding vessels. For the 16" LN station, because
16a2 and 16bl are more frequently involved and with a
large adipose gap around the aortas, we suggest that the
volume should be defined by a 20 mm margin around the
aorta, and a 10 mm margin around the aorta should be
used for the 16al and 16b2 stations.

Some suggestions for the delineation of CTV,_ . .
can be made based on our mapping. For the 13" LN
station, we suggest that the portacaval space should also be
included because LN metastasis is involved in this space.
In addition, it is notable that the range of the 6" LN station
down to the confluence of the right gastroepiploic vein and
the anterior superior pancreatoduodenal vein is bordered
by the 14" LN station. Although we suggest the delineation
of CTV,_. . based on vascular structure, some vessels may
not be clearly detected by CT when a patient is too thin or
as a result of tumor invasiveness. Since radiation treatment
fields become increasingly conformal nowadays, accurate

Figure 2: Consistency mapping of 16 lymph node stations in gastric cancer by CT-based vessel-guided delineation of
255 patients. In total, 35 representative axial CT images were selected moving in the cranial to caudal direction in 5 mm slices. PISA:
phrenica inferior sinistra artery; LGA: left gastric artery; RGA: right gastric artery; GBA: gastricae breves artery; LGEA: left gastroepiploic
artery; RGEA: right gastroepiploic artery; RGEV: right gastroepiploic vein; PHA: proper hepatic artery; CHA: common hepatic artery; CA:
celiac artery; SA: splenic artery; MCA: middle colic artery; GDA: gastroduodenal artery; SMA: superior mesenteric artery; SMV: superior

mesenteric vein.
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Table 1: The clinicopathologic features of 255 gastric cancer patients

Characteristics No. patients (%)
Sex Male 164 (64.3)
Female 91 (35.7)
Age Median 57
Range 26-81
Location of tumor Upper 1/3 69 (27.1)
Middle 1/3 79 (31.0)
Lower 1/3 93 (36.5)
The whole stomach 14 (5.5)
Tumor size(cm) <3 cm 22 (8.6)
>3,<5cm 132 (51.8)
>5 cm 101 (39.6)
No. dissected LNs Median 28
Range 15-79
No. pathological positive LNs Median 10
Range 1-70
Staging* 1B 4 (1.6)
A 9@3.5)
1B 5(2.0)
IIA 30 (11.8)
111B 60 (23.5)
1IC 120 (47.1)
v 27 (10.6)

* The seventh edition of the AJCC (American Joint Committee on Cancer) staging system.

Figure 3: Delineation of LNc in the standard patient. (a) An enlarged lymph node (arrow) located in the lesser curvature in a
33-year-old male gastric cancer patient. (b) A circle with a diameter of 5 mm (arrow) was used to replace the center of the enlarged lymph
node at an equivalent location based on the relative distances to the same reference vessels and the gastric wall of the standard patient.
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Table 2: The color scheme of the 16 lymph node stations

and the aortic bifurcation

Lymph
node station Lymph node station Color swatch Color
number
1 Right pericardial LNs Rose red
2 Left pericardial LNs Prussian blue
3 Lesser curvature LNs Green
4 Left greater curvature LNs Yellow
5 Suprapyloric LNs _ Dark green
6 Infrapyloric LNs Acid blue
7 left gastric artery trunk LNs Red
8 Common hepatic artery LNs Claybank
9 Celiac artery LNs Crimson
10 Splenic hilar LNs Cyan
11 Splenic artery LNs Brown
12 Hepatoduodenal ligament LNs Dark blue
13 LNs on the posterior surface of the pancreatic lemon yellow
head
14v Superior mesenteric vein LNs Orange
15 Middle colic vessels LNs Light blue
16al P?raaortlc LNs in the diaphragmatic aortic Sky blue
hiatus
Paraaortic LNs between the upper margin of
16a2 the origin of the celiac artery and the lower Purple
border of the left renal vein
Paraaortic LNs between the lower border of
16bl the left renal vein and the upper border of the Pale green
origin of the inferior mesenteric artery
Paraaortic LNs between the upper border of
16b2 the origin of the inferior mesenteric artery Pink

radiotherapy can increase the treatment efficiency and also
limit doses to normal critical structures. Our mapping can
thus be a reliable reference for deciding on the volume of
prophylactic irradiation for LN stations.

Our study has limitations. First, although we
aimed to identify a standard patient whose abdomen CT
reflected most cases, there are anatomical differences
and abdominal blood vessel variations between standard
patients and GC patients. Second, 37.8% of the LNs were
radiologically diagnosed without a pathological result,
which could have produced false positives and false
negatives in our study.

To the best of our knowledge, this is the first study
to date that uses mathematical software technology to

identify the true state of LN metastasis in GC patients
by CT-based vessel-guided delineation of metastatic
LNs. The mapping presents a detailed radiographic
delineation of each LN station and identifies high-risk
areas for LN metastasis in the 1°-16™ LN stations, which
can serve as a reliable template for the delineation of
gastric LN stations when pre-operative radiotherapy for
GC is planed. Our mapping can thus help reduce inter-
observer variation in CTV delineation of LN stations.
Further studies should concentrate on the different
high-risk areas of LN metastasis in the three portions
of GC, which may provide the basis for individualized
GC treatment.
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MATERIALS AND METHODS

Patients

Between July 2012 and June 2013, the records of 255
patients with newly diagnosed GC were retrospectively
reviewed. During this period, 643 GC patients were
admitted to the department of gastric and pancreatic
surgery in Sun Yat-sen University Cancer Center. Of these
643 patients, 255 patients met the following inclusion
criteria: (a) No history of LN tuberculosis, lymphoma or
other diseases resulting in enlarged LNs. (b) No history of
gastrectomy. (c) Initial CT scan performed in the supine
position using intravenous contrast with a 1-mm slice,
with the scan area including the diaphragmatic domes
to the common iliac artery bifurcation. (d) For patients
who underwent gastrectomy and D1+/D2 LN dissection,
no neoadjuvant therapy with more than 15 LNs resected
and at least 1 PRLN. Postoperative pathologic reports
were used to obtain detailed information on the number
of positive nodes and to divide them into subgroups.
LNs were considered positive for metastasis in radiology
when meeting the following criteria: having a short-axis
diameter larger than 6 mm for perigastric LNs and larger
than 8 mm for extraperigastric LNs, especially nodes of a
rounded shape and enhancement on contrast-enhanced CT
that were sometimes necrotic [23]. (e) For patients who
had not underwent LN dissection, RLNs could be observed
in CT images. RLNs have a rounded shape and are
necrotic or multinodular confluent on initial CT or show
increased/decreased LN size in follow-up CT scanning
after chemotherapy [20, 24, 25]. Two radiologists with 15
and 3 years of work experience within the gastrointestinal
specialty supervised study enrollment.

LN resection category was dependent on anatomic
landmarks. All resected LNs were submitted for
histopathologic examination on a nodal group basis. The
anatomical definitions of LN stations at surgery were also
based on the 3% classification of the Japanese Gastric
Cancer Association (JGCA) [26]. N staging was assessed
using the 7% edition UICC classification [27]. LN stations
1-12 and 14v are defined as regional stations. The 13%,
15% and 16" LN stations are considered distant stations,
and metastasis to these node stations is classified as M1.

Patient, treatment, and tumor characteristics are
listed in Table 1.

MSCT

CT examinations were performed using a 64-slice
spiral CT (Aquilion TSX-101A, Toshiba Medical System,
Tokyo, Japan). In the entire cohort of 255 patients, the
imaging process was performed according to a standard
imaging protocol. All patients received 600—800 ml of
water orally 30 minutes prior to imaging. An unenhanced
scan was obtained at 120 kV and 250 mA. The scanning

layer thickness was 5 mm with a 1-mm pitch. Intravenous
nonionic contrast material (1.5 ml of iopromide per
kilogram of body weight, Ultravist 370; Schering, Berlin,
Germany) was administered into the antecubital vein at 3
ml/s via a high-pressure syringe. Dual-phasic helical scans
were obtained at 30—35 seconds (the arterial phase) and
50-60 seconds (the portal-venous phase).

Delineation of the LNc¢

As a reference image, we used a set of enhanced
CT images from one standard patient with a normal
abdomen. The patient was selected using the following
basic principles. First, CT examination of the patient was
performed using a 64-slice spiral CT with a scanning
layer thickness of 1-mm pitch to ensure that the relevant
vessels were observed. Second, the patient had a normal
abdomen and the stomach was in a half-filled state to more
closely mimic the state of GC patients before neoadjuvant
radiotherapy. Third, the patient had a clear anatomic
abdominal structure, including the relevant vessels, which
could be delineated on axial views of CT images. Based on
these criteria, a 41-year-old man 174 cm in height and 64 kg
in weight (BMI: 21.1) was selected as the standard patient.

LNc was defined as the central position of the
metastatic LN shown in the CT images of 255 patients.
Nodal grouping was also based on the 3™ classification of
the JGCA [26]. The processes used for delineation are as
follows.

Firstly, the relevant vessels were delineated on
axial views of CT images. We contoured the left gastric
artery (LGA), the right gastric artery (RGA), the phrenica
inferior sinistra artery (PISA), the gastricae breves artery
(GBA), the celiac artery (CA), the common hepatic artery
(CHA), the splenic artery (SA), the proper hepatic artery
(PHA), the left gastroepiploic artery (LGEA), the right
gastroepiploic artery (RGEA), the right gastroepiploic
vein (RGEV), and the gastroduodenal artery (GDA), the
superior mesenteric artery (SMA), the superior mesenteric
vein (SMV), the middle colic artery (MCA), and the
inferior mesenteric artery (IMA) on the reference CT
images.

Secondly, we drew the 2846 LNcs on the Monaco®
version 5.0 workstation. Figure 3 showed the delineation
process. The basic principles were as follows. (a) We
depicted the contour of the LNc at the equivalent location
on the axial views of CT images compared with that in the
GC patient by measuring the distance from the lymph node
to landmarks such as the vascular structure, the gastric
wall, the pancreas and the spleen. (b) A circle with a
diameter of 5 mm was used to replace the central position
of the metastatic LN to avoid the mass effect of enlarged
LNs. This process is also suitable when metastasis LNs
invade the vessels or the adjacent structure. (c) When the
nodes mixed together, we drew the LNc of each node that
was distinguishable in its respective location. Otherwise,
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we drew the LNc of their geometric central position. A
consensus committee of three physicians, two radiologists
with a gastrointestinal specialty and one radiation
oncologist with three years of work experience agreed on
this process.

Image manipulation

We collaborated with the Sun Yat-sen University
School of Data and Computer Science to develop image
manipulation software called Medi-capture. Matrix
Laboratory (2013a, MATLAB MathWorks companies
in the United States) was used for image analysis and
programming. A total of 2846 LNcs from the Monaco
workstation were exported into 2846 files. Each file
contained the space coordinate information of the
structure, which can be used to determine the position of
the pixels located in space and can restore the outline of
each LNc in the software.

Then, the Medi-capture software, which can produce
the contour and density atlas of 16 LN stations, was
programmed for image analysis. First, algorithms for the
contouring of the LN distribution were used to overlap
LNcs located in the same cross section. The imdilate
function, imerode function, edge function and roberts
operator in MATLAB were used to process the images.
Next, algorithms to calculate the distribution density of each
lymph node station were used to overlap the LNcs located
in the same cross section and to obtain grayscale images. A
positive correlation was found between the gray value and
the transparency of the color of each LN station. Twenty
colors were assigned to LN stations 1-15, 16al, 16a2, 16bl,
and 16b2. The color scheme is shown in Table 2.

Author contributions

Study design: Rong Zhang, Yujing Zhang and Ying
Sun. Data acquisition: Lingling Feng, Yongming Chen and
Shaomin Huang. Data analysis and software development:

Yao Lu and Yang Fu. Manuscript preparation: Shuhang
Xu. Manuscript editing: Zheng Rongqin.

ACKNOWLEDGMENTS

We would like to thank Dr. Qiangian Zhao and Dr.
Dailin Rong for supporting this project.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of
interest regarding the publication of this paper.

FUNDING

This work was supported by National Natural
Science Foundation of China (11401601, 91530117)

and the Innovation Key Fund of Guangdong Province
(2016B030307003, 2015B010110003).

REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87-108.

2. van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg
EW, van Berge Henegouwen MI, Wijnhoven BP, Richel
DJ, Nieuwenhuijzen GA, Hospers GA, Bonenkamp JJ,
Cuesta MA, Blaisse RJ, Busch OR, et al. Preoperative
chemoradiotherapy for esophageal or junctional
cancer. The New England journal of medicine. 2012;
366:2074-2084.

3. Moertel CG, Childs DS Jr, Reitemeier RJ, Colby MY Jr,
Holbrook MA. Combined 5-fluorouracil and supervoltage
radiation therapy of locally unresectable gastrointestinal
cancer. Lancet. 1969; 2:865-867.

Klautke G, Foitzik T, Ludwig K, Ketterer P, Klar E, Fietkau
R. Neoadjuvant radiochemotherapy in locally advanced
gastric carcinoma. Strahlentherapie und Onkologie. 2004;
180:695-700.

5. Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A,
Park SR, Lim HY, Yamada Y, Wu J, Langer B, Starnawski
M, Kang YK. Bevacizumab in combination with
chemotherapy as first-line therapy in advanced gastric
cancer: a randomized, double-blind, placebo-controlled
phase III study. Journal of clinical oncology. 2011;
29:3968-3976.

Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen
L, Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile
G, Kulikov E, Hill J, et al. Trastuzumab in combination with
chemotherapy versus chemotherapy alone for treatment of
HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet. 2010; 376:687-697.

7. Dikken JL, van Sandick JW, Maurits Swellengrebel
HA, Lind PA, Putter H, Jansen EP, Boot H, van Grieken
NC, van de Velde CJ, Verheij M, Cats A. Neo-adjuvant
chemotherapy followed by surgery and chemotherapy
or by surgery and chemoradiotherapy for patients with
resectable gastric cancer (CRITICS). BMC cancer. 2011;
11:329.

8. Waddell T, Verheij M, Allum W, Cunningham D, Cervantes

A, Arnold D, European Society for Medical O, European

Society of Surgical O, European Society of R and

Oncology. Gastric cancer: ESMO-ESSO-ESTRO Clinical

Practice Guidelines for diagnosis, treatment and follow-up.

Annals of oncology. 2013; 24:vi57-63.

Kumagai K, Rouvelas I, Tsai JA, Mariosa D, Lind

PA, Lindblad M, Ye W, Lundell L, Schuhmacher C,

Mauer M, Burmeister BH, Thomas JM, Stahl M,

Nilsson M. Survival benefit and additional value of

preoperative chemoradiotherapy in resectable gastric and

www.impactjournals.com/oncotarget

41472

Oncotarget



10.

11.

13.

14.

16.

17.

gastro-oesophageal junction cancer: a direct and adjusted
indirect comparison meta-analysis. European journal of
surgical oncology. 2015; 41:282-294.

Sano T, Sasako M, Katai H, Maruyama K. Radical
lymphadenectomy in the management of early gastric
cancer. The British journal of surgery. 1997; 84:581-582.
Kajitani T. The general rules for the gastric cancer study in
surgery and pathology. Part 1. Clinical classification. The
Japanese journal of surgery. 1981; 11:127-139.

Matzinger O, Gerber E, Bernstein Z, Maingon P,
Haustermans K, Bosset JF, Gulyban A, Poortmans P,
Collette L, Kuten A. EORTC-ROG expert opinion:
radiotherapy volume and treatment guidelines for
of the
gastroesophageal junction and the stomach. Radiotherapy
and oncology. 2009; 92:164-175.

Jansen EP, Nijkamp J, Gubanski M, Lind PA, Verheij M.
Interobserver variation of clinical target volume delineation
in gastric cancer. International journal of radiation oncology,
biology, physics. 2010; 77:1166-1170.

Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson
LL, Jessup JM, Martenson JA. Chemoradiotherapy after
surgery compared with surgery alone for adenocarcinoma

neoadjuvant radiation of adenocarcinomas

of the stomach or gastroesophageal junction. The New
England journal of medicine. 2001; 345:725-730.

Liu L, Chen W, Nie M, Zhang F, Wang Y, He A, Wang
X, Yan G. iMAGE cloud: medical image processing
as a service for regional healthcare in a hybrid cloud
environment. Environmental
medicine. 2016; 21:563-571.
Hvid CA, Elstrom UV, Jensen K, Alber M, Grau C.
Accuracy of software-assisted contour propagation
from planning CT to cone beam CT in head and neck
radiotherapy. Acta oncologica. 2016; 55:1324-1330.
Moechler M, Lyros O, Gockel I, Galle PR, Lang
H. of
and gastroesophageal cancers. World journal
gastroenterology. 2008; 14:3773-3780.

Chen CH, Yang CC, Yeh YH. Preoperative staging of gastric

health and preventive

Multidisciplinary =~ management gastric

of

cancer by endoscopic ultrasound: the prognostic usefulness
of ascites detected by endoscopic ultrasound. Journal of
clinical gastroenterology. 2002; 35:321-327.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Saito T, Kurokawa Y, Takiguchi S, Miyazaki Y, Takahashi
T, Yamasaki M, Miyata H, Nakajima K, Mori M, Doki Y.
Accuracy of multidetector-row CT in diagnosing lymph
node metastasis in patients with gastric cancer. European
radiology. 2015; 25:368-374.

Fukuya T, Honda H, Hayashi T, Kaneko K, Tateshi Y, Ro T,
Maehara Y, Tanaka M, Tsuneyoshi M, Masuda K. Lymph-
node metastases: efficacy for detection with helical CT in
patients with gastric cancer. Radiology. 1995; 197:705-711.
Yan C, Zhu ZG, Yan M, Zhang H, Pan ZL, Chen J, Xiang M,
Chen MM, Liu BY, Yin HR, Lin YZ. Value of multidetector-
row computed tomography in the preoperative T and N
staging of gastric carcinoma: a large-scale Chinese study.
Journal of surgical oncology. 2009; 100:205-214.

Wo JY, Yoon SS, Guimaraes AR, Wolfgang J, Mamon HJ,
Hong TS. Gastric lymph node contouring atlas: A tool to
aid in clinical target volume definition in 3-dimensional
treatment planning for gastric cancer. Practical radiation
oncology. 2013; 3:e11-19.

Feng XY, Wang W, Luo GY, Wu J, Zhou ZW, Li W, Sun
XW, Li YF, Xu DZ, Guan YX, Chen S, Zhan YQ, Zhang
XS, et al. Comparison of endoscopic ultrasonography and
multislice spiral computed tomography for the preoperative
staging of gastric cancer - results of a single institution
study of 610 Chinese patients. PloS one. 2013; 8:¢78846.
Kim YN, Choi D, Kim SH, Kim MJ, Lee SJ, Lee W],
Kim S, Kim JJ. Gastric cancer staging at isotropic MDCT
including coronal and sagittal MPR images: endoscopically
diagnosed early vs. advanced gastric cancer. Abdominal
imaging. 2009; 34:26-34.

Chen CY, Hsu JS, Wu DC, Kang WY, Hsieh JS, Jaw TS,
Wu MT, Liu GC. Gastric cancer: preoperative local staging
with 3D multi-detector row CT--correlation with surgical
and histopathologic results. Radiology. 2007; 242:472-482.
Japanese Gastric Cancer Association. Japanese classification
of gastric carcinoma: 3rd English edition. Gastric cancer.
2011; 14:101-112.

Sobin LH, Gospodarowicz MK, Wittekind C. International
Union Against Cancer (UICC) TNM classification of

malignant tumours. (Chichester, UK: Wiley-Blackwell,
2012).

www.impactjournals.com/oncotarget

41473

Oncotarget



