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Abstract
Objectives The purpose of this study was to determine the
optimal cut-off value of lymph node size for diagnosing
metastasis in gastric cancer with multidetector-row computed
tomography (MDCT) after categorizing perigastric lymph
nodes into three regions.
Methods The study included 90 gastric cancer patients who
underwent gastrectomy. The long-axis diameter (LAD) and
short-axis diameter (SAD) of all visualized lymph nodes were
measured with transverse MDCT images. The locations of
lymph nodes were categorized into three regions: lesser cur-
vature, greater curvature, and suprapancreatic. The diagnostic
value of lymph node metastasis was assessed with receiver
operating characteristic (ROC) analysis.
Results The area under the curve was larger for SAD than
LAD in all groups. The optimal cut-off values of SAD were
determined as follows: overall, 9 mm; differentiated type,
9 mm; undifferentiated type, 8 mm; lesser curvature region,
7 mm; greater curvature region, 6 mm; and suprapancreatic
region, 9 mm. The diagnostic accuracies for lymph node
metastasis using individual cut-off values were 71.1 % based
on histological type and 76.6 % based on region of lymph
node location.
Conclusions The diagnostic accuracy of lymph node metas-
tasis in gastric cancer was improved by using individual cut-
off values for each lymph node region.
Key points
• Multidetector-row computed tomography is widely used to
predict pathological nodal status.

• An optimal cut-off value of lymph node size has not been
determined.

• Cut-off values were assessed according to histology and
nodal location.

• The optimal cut-off values differed based on histology and
nodal location.

• Diagnostic accuracy was improved by using individual cut-
off values for each region.
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Abbreviations
MDCT multidetector-row computed tomography
LAD long-axis diameter
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ROC receiver operating characteristics
AUC area under the curve

Introduction

Gastric cancer is a major cause of cancer-related deaths world-
wide, and it is the most common cause of cancer-related
mortality in eastern Asia [1]. Lymph node metastasis is one
of the most important factors affecting the prognosis of gastric
cancer [2, 3]. Locally advanced tumours usually require pre-
operative chemotherapy to improve curative resection rates
and long-term survival. In European countries, perioperative
chemotherapy using a regimen of epirubicin, cisplatin, and
fluorouracil is a standard treatment for localized gastric cancer
[4, 5]. The National Comprehensive Cancer Network
(NCCN) guidelines state that perioperative chemotherapy or
preoperative chemoradiation is the preferred approach for T2
or more advanced gastric cancer [6]. Although accurate
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staging of lymph node metastasis is desirable for preoperative
treatment, the rate of accuracy in detecting lymph node me-
tastasis with conventional diagnostic tools is only around
60 % [7–13]. The use of multidetector-row computed tomog-
raphy (MDCT) has recently gained wide adoption worldwide,
allowing for more detailed imaging with thinner section col-
limation. However, an optimal cut-off value for lymph node
size to diagnose pathological metastasis has not yet been
determined. Although some previous studies have used dif-
ferent criteria for long-axis diameter (LAD) or short-axis
diameter (SAD), diagnostic accuracies remain around 70 %
for T2 or more advanced gastric cancer, even using MDCT
[14, 15].

The mean size of benign lymph nodes on MDCT differs
according to the specific location of lymph nodes in the
abdomen and mediastinum [16–18]. However, no studies
have diagnosed lymph node metastasis using different cut-
off values based on the location of lymph nodes in gastric
cancer patients. Thus, this retrospective study was conducted
to assess the diagnostic accuracy of nodal size after categoriz-
ing perigastric lymph nodes into three regions.

Materials and methods

Patient population

The present study included 90 gastric cancer patients who
underwent gastrectomy between January 2010 and
December 2012 at Osaka University Hospital. All tumours
were histologically diagnosed as adenocarcinoma of the stom-
ach. Patients who had pathological T1 cancer or who
underwent preoperative chemotherapy were excluded. Since
patients with T2 or more advanced gastric cancers are candi-
dates for preoperative treatment according to NCCN guide-
lines [6], we included only gastric cancer of T2 or a more
advanced stage in this study. Patients underwent extended
lymphadenectomy, either D2 or D2 minus splenic hilum node
(station no. 10) dissection, according to the Japanese Gastric
Cancer Association treatment guidelines [19]. Pathological
tumour depth, nodal status, and surgical curability were clas-
sified according to the seventh edition of the International
Union Against Cancer (UICC) classification system [20].

Preoperative examination

The MDCT protocol has previously been described in detail
[21, 22]. All 90 patients underwent enhanced MDCT after
overnight fasting, with an MDCT system (Discovery CT750
HD; GE Healthcare, Milwaukee, WI, USA). Each patient was
placed in a prone position on the imaging table to avoid
artefacts caused by air in the stomach. Pre-contrast imaging
was not performed. A total of 100 mL of non-ionic contrast

material (iopromide; Proscope, Tanabe Seiyaku, Osaka,
Japan) containing 300 mg of iodine per mL was administered
intravenously at 3 mL/second using a power injector (Auto-
Enhance A-50; Nemoto Kyorindou, Tokyo, Japan). Imaging
was performed 30 seconds and 75 seconds after initiation of
contrast material injection, corresponding to the arterial and
venous phases. Imaging began at the level of the dome of the
right hemidiaphragm and ended at the caudal edge of the
stomach, so as to include the entire liver. CT parameters were
as follows: 64 detector rows; section thickness, 0.625 mm;
pitch, 1.375 mm; reconstruction interval, 0.625 mm; 200
milliamperes; 120 kilovolts; and tube rotation time, 0.4 sec-
onds. Transverse images with a section thickness of 2.5 mm
were created using volumetric data obtained duringMDCT. A
written informed consent for preoperative staging withMDCT
was obtained from all patients.

Evaluation

Transverse CT images were reviewed without knowledge of
the surgical or histopathological findings of the resected
lymph nodes. The mediastinal window settings consisted of
a window level (WL) of 60 and a windowwidth (WW) of 300,
with standard function. The LAD and SAD of all visualized
lymph nodes were measured on MDCT images (Fig. 1).
Diameters of less than 5 mm were rounded down to 0 mm
in this study. The locations of regional lymph nodes, identified
on preoperative MDCT and confirmed at the time of surgery,
were recorded based on nodal grouping according to the
Japanese Gastric Cancer Association (JGCA) classification
system [23]. In addition, this study categorized locations into
three regions: the lesser curvature region (Nos. 1, 3, 5, 7),
greater curvature region (Nos. 2, 4, 6), and suprapancreatic
region (Nos. 8, 9, 10, 11, and 12).

Statistical analysis

The diagnostic value of lymph node metastasis was assessed
by calculating the area under the receiver operating character-
istic (ROC) curve, not only for the overall patient population
but also for each histological and regional group. The cut-off
value was based on the ROC curve with Youden’s index (J),
calculated using the equation J = sensitivity + specificity – 1.
Statistical analyses were performed using the SPSS statistical
package, version 15.0 (SPSS Inc., Chicago, IL, USA).

Results

Overall patient characteristics are shown in Table 1. The
median number of dissected lymph nodes was 39, and the
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pathological node-positive rate was 52 % (47/90). More than
half of the patients had differentiated-type tumours.

The mean nodal sizes detected on MDCTwere 12 mm for
LAD and 8mm for SAD. Nodes associated with differentiated
tumours (mean LAD, 13.6 mm; mean SAD, 8.5 mm) were
larger than those associated with undifferentiated tumours
(mean LAD, 10.9 mm; mean SAD, 7.4 mm). Regarding
lymph node location, the greater curvature region (mean
LAD, 6.1 mm; mean SAD, 3.8 mm) had smaller nodes than
the region of lesser curvature (mean LAD, 9.6 mm; mean
SAD, 6.3 mm) and the suprapancreatic region (mean LAD,
9.4 mm; mean SAD, 5.4 mm).

We analysed the detectability of lymph node metastasis on
MDCT with ROC curves (Fig. 2). The area under the curve
(AUC) was larger for SAD than LAD in all groups. Based on
the ROC curves, the optimal cut-off values of SAD were as
follows: overall, 9 mm; differentiated type, 9 mm; undifferen-
tiated type, 8 mm; lesser curvature region, 7 mm; greater
curvature region, 6 mm; and suprapancreatic region, 9 mm.
With these cut-off values, all parameters – including accuracy,
sensitivity, and specificity – were higher for the differentiated
type than for the undifferentiated type (Table 2). The three

regions showed similar accuracy, but the sensitivity in the
suprapancreatic region was much lower than in the lesser
curvature or greater curvature regions (Table 2).

In the MDCT diagnosis of clinical N status with a single
cut-off value (SAD 9 mm), the overall accuracy, sensitivity,
and specificity were 70.6%, 55.3 %, and 86.0 %, respectively.
When we used individual cut-off values according to histo-
logical type (SAD 9 mm for the differentiated type, SAD
8 mm for the undifferentiated type), the accuracy (71.1 %)
was similar to overall values (Table 3). On the other hand,
after categorizing lymph node locations into three regions,
accuracy could be increased to 76.6 % with individual cut-
off values (SAD 7 mm for the lesser curvature region, SAD
6 mm for the greater curvature region, SAD 9 mm for the
suprapancreatic region) (Table 3).

Discussion

The present study showed that SAD was superior to LAD as
an indicator for diagnosing lymph node metastasis. This result
is in accordance with the revised version (ver.1.1) of the

Fig. 1 A transverse CT image of
a 64-year-old man shows an en-
larged lymph node in the lesser
curvature region (a). A transverse
CT image of a 65-year-old man
shows lymph node enlargement
in the suprapancreatic region (b).
The long-axis diameter (LAD,
solid line) and short-axis diameter
(SAD, dotted line) of each lymph
node were measured, as shown

Table 1 Patient Backgrounds
Characteristics n

Sex Male / Female 67 / 23

Age (years) Median (range) 69 (32–90)

Location Upper / Middle / Lower 22 / 37 / 31

Gastrectomy Total / Subtotal 32 / 58

Number of dissected lymph nodes Median (range) 39 (13–89)

Number of lymph nodes with metastasis Median (range) 1 (0–27)

pT T2 / T3 / T4 27 / 42 / 21

pN N0 / N1 / N2 / N3 43 / 14 / 14 / 19

pStage I / II / III / IV 15 / 41 / 27 / 7

Histology Differentiated / Undifferentiated 47 / 43
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Response Evaluation Criteria in Solid Tumours (RECIST),
which adopted SAD as a criterion for lymph node metastasis
[24]. Compared with the conventional method using a single
cut-off value, diagnostic accuracy was improved by using
individual cut-off values for each lymph node region.
Specificities were high in all categorized regions, but the
sensitivity decreased to 42 % in the suprapancreatic region.
Indeed, the size of benign lymph nodes located in the
suprapancreatic region is usually larger than those in other
regions as identified during gastric cancer surgery.
Radiologists as well as gastric surgeons should keep in mind

that cut-off values for diagnosing nodal metastasis differ ac-
cording to the region of lymph node location.

Accurate preoperative staging of regional lymph node me-
tastasis in gastric cancer is very important in planning thera-
peutic strategies, especially for preoperative chemotherapy.
Although there are a number of different criteria and methods
for assessing nodal status, no solid criteria exist for appropri-
ately diagnosing metastatic lymph nodes. The definition of
metastatic lymph nodes differs among studies using MDCT,
and various cut-off values have been applied [14, 15, 25–30].
Ahn et al. defined metastatic lymph nodes as having SAD of

Fig. 2 ROC curve for the detectability of lymph nodemetastasis onMDCT: overall (a), differentiated type (b), undifferentiated type (c), lesser curvature
region (d), greater curvature region (e), and suprapancreatic region (f)

Table 2 Optimal cut-off values
and diagnostic accuracy of lymph
node metastasis, overall and for
subgroups, based on histological
type and lymph node region

SAD short-axis diameter

n Optimal cut-off value Accuracy (%) Sensitivity (%) Specificity (%)

Overall 90 SAD 9 mm 70.6 55.3 86.0

Differentiated type 47 SAD 9 mm 76.6 66.7 90.0

Undifferentiated type 43 SAD 8 mm 65.1 55.0 73.9

Lesser curvature region 90 SAD 7 mm 77.8 83.8 73.6

Greater curvature region 90 SAD 6 mm 75.6 65.7 81.8

Suprapancreatic region 90 SAD 9 mm 77.8 42.1 87.3
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≥8 mm [29], while Chen et al. used a definition of ≥8 mm for
LAD [30]. Previous studies have reported diagnostic accuracy
of lymph node metastasis in gastric cancer that has varied
from 54 % to 84 % [14, 15, 25–35]. When comparing accu-
racy among studies, differences in eligibility criteria must be
considered. Most previous studies have included patients with
any stage of gastric cancer. Particularly in Japan and Korea,
more than half of patients with gastric cancer have T1 stage
(mucosal or submucosal) tumours. If the eligibility criteria
include such early-stage cancers, the diagnostic accuracy of
lymph node metastasis is usually inflated, because these can-
cers are associated with a low incidence of lymph node
metastasis [14, 15]. Furthermore, since NCCN guidelines
indicate preoperative treatment for gastric cancer of stage T2
or greater[6], preoperative diagnosis of N status is more rele-
vant for T2-or-higher tumours than for T1 tumours. As such,
we included only T2 or higher-stage gastric cancer in this
study. The accuracy (76.6 %), sensitivity (89.4 %), and spec-
ificity (62.8 %) in our study were similar or superior to those
in previous studies also including early-stage cancer.

This study also showed that the diagnostic accuracy of
lymph node metastasis differed between the differentiated
and the undifferentiated types. Noda et al. reported that the
mean size of metastatic lymph nodes in differentiated-type
tumours was significantly larger than in undifferentiated-type
tumours [36]. However, no previous study has investigated
the influence of differences in metastatic lymph node size on
MDCT findings between histological types. Our results,
which showed that the cut-off value for the differentiated type
was larger than for the undifferentiated type, were consistent
with the report of Noda et al. As undifferentiated tumours
grow diffusely, tumour invasion does not directly affect the

size of metastatic lymph nodes [37]. This may explain why the
mean size ofmetastatic lymph nodes in undifferentiated tumours
is smaller than in differentiated tumours. In our study, all diag-
nostic parameters – including accuracy, sensitivity, and specific-
ity – were higher in the differentiated type than in the undiffer-
entiated type. This implies that high diagnostic accuracy for
metastatic lymph nodes can be expected in the differentiated
type, while surgeons and radiologists should consider the diffi-
culty in diagnosing nodal metastasis in the undifferentiated type.

At present, the diagnosis of lymph node abnormalities on
MDCT is based primarily on size criteria. In addition to size,
other CT features of the lymph node, such as an almost circular
shape (longitudinal/transverse diameter ratio <1.5), central ne-
crosis, marked or heterogeneous enhancement (>85 HU in the
enhanced scan), and clustered nodes regardless of size, can also
be used to differentiate positive from negative lymph nodes [15,
30, 38, 39]. Furthermore, multiplanar reformation images,
which enable us to measure the longitudinal diameter of lymph
nodes, have been reported as superior to transverse images in
assessing lymph node metastasis, although some reports were
unable to demonstrate the superiority of these images [15, 26,
30]. Regarding other modalities, Kwee and Kwee reviewed the
diagnostic accuracy of preoperative N-staging by comparing
endoscopic ultrasound (EUS), MDCT, MRI, and PET-CT [40].
In their study, the accuracy of N status diagnosis ranged from
40% to 90% for EUS, 54 % to 80 % for MDCT, 50% to 65%
for MRI, and 55.1 % for PET-CT. Although EUS showed
accuracy similar to MDCT, EUS is not objective, and there is
some difficulty in evaluating lymph nodes that are located at a
greater distance from the gastric wall. MRI does not involve
any radiation exposure, but its diagnostic accuracy is low. Low
accuracy was also reported in PET-CT studies due to the low
sensitivity in detecting lymph node metastases with FDG-PET
[41]. Considering the convenience and the objectivity of
MDCT, it seems that this is a useful modality for determining
firm MDCT criteria in the diagnosis of lymph node metastasis.

One of the limitations of our study was the small number of
patients and thus the lack of validation using other datasets. A
large-scale study is needed to verify the clinical usefulness of
our findings for preoperative N-staging in gastric cancer.
Second, we did not evaluate the reproducibility of lymph node
size measurement between reviewers, and therefore future
studies of reproducibility are desirable. Third, lymph node
metastasis was evaluated in each region, not for each lymph
node individually, because it is impossible to match the lymph
nodes dissected during surgery with those evaluated on
MDCT. We believe that matching the regions of dissected
lymph nodes with the regions evaluated preoperatively is the
most practical way to evaluate the diagnostic accuracy of
lymph nodemetastasis. Furthermore, the most important point
for clinical use is the accurate diagnosis of clinical N status,
not individual nodal metastasis. Thus, the improved accuracy
of clinical N status observed in our study is beneficial for

Table 3 The diagnostic accuracy of clinical N status on MDCT with a
single cut-off value overall (a), and with individual cut-off values based
on histological type (b) and lymph node region (c)

(a) Pathological N status

N(−) N(+) Accuracy 70.6 %

Clinical N status on MDCT N(−) 37 21 Sensitivity 55.3 %

N(+) 6 26 Specificity 86.0 %

(b) Pathological N status

N(−) N(+) Accuracy 71.1 %

Clinical N status on MDCT N(−) 35 18 Sensitivity 61.7 %

N(+) 8 29 Specificity 81.3 %

(c) Pathological N status

N(−) N(+) Accuracy 76.6 %

Clinical N status on MDCT N(−) 27 5 Sensitivity 89.4 %

N(+) 16 42 Specificity 62.8 %
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decision-making regarding preoperative treatment for gastric
cancer patients.

In conclusion, the optimal cut-off values of lymph node
size for diagnosing metastasis differed with histological type
and location. The diagnostic accuracy of lymph node metas-
tasis can be improved by using individual cut-off values based
on the regions of lymph node location.
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