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ABSTRACT

Purpose: To determine whether gross tumor volume of resectable gastric
adenocarcinoma on multidetector computed tomography could predict presence of
lymphovascular invasion and T-stages.

Results: Gross tumor volume increased with the lymphovascular invasion
(r=0.426, P < 0.0001) and T stage (r = 0.656, P < 0.0001). Univariate analysis
showed gross tumor volume could predict lymphovascular invasion (P < 0.0001).
Multivariate analyses indicated gross tumor volume as an independent risk factor of
lymphovascular invasion (P = 0.026, odds ratio = 2.284). The Mann-Whitney U test
showed gross tumor volume could distinguish T2 from T3, T1 from T2-T4a, T1-T2
from T3-T4a and T1-T3 from T4a (P = 0.000). In the development cohort, gross tumor
volume could predict lymphovascular invasion (cutoff, 15.92 cm3; AUC, 0.760), and
distinguish T2 from T3 (cutoff, 10.09 cm3; AUC, 0.828), T1 from T2-T4a (cutoff, 8.20
cm3; AUC, 0.860), T1-T2 from T3-T4a (cutoff, 15.88 cm3; AUC, 0.883), and T1-T3 from
T4a (cutoff, 21.53 cm3; AUC, 0.834). In validation cohort, gross tumor volume could
predict presence of lymphovascular invasion (AUC, 0.742), and distinguish T2 from
T3 (AUC, 0.861), T1 from T2-T4a (AUC, 0.859), T1-T2 from T3-T4a (AUC, 0.875), and
T1-T3 from T4a (AUC, 0.773).

Materials and Methods: 360 consecutive patients with gastric adenocarcinoma
were retrospectively identified. Gross tumor volume was evaluated on multidetector
computed tomography images. Statistical analysis was performed to determine
whether gross tumor volume could predict presence of lymphovascular invasion and
T-stages. Cutoffs of gross tumor volume were first investigated in 212 patients and
then validated in an independent 148 patients using area under the receiver operating
characteristic curve (AUC) for predicting lymphovascular invasion and T-stages.

Conclusions: Gross tumor volume of resectable gastric adenocarcinoma
at multidetector computed tomography demonstrated capability in predicting
lymphovascular invasion and distinguishing T-stages.

www.impactjournals.com/oncotarget 12432 Oncotarget



INTRODUCTION

Despite its decreasing incidence in western
countries and china, gastric adenocarcinoma is the fifth
most common cancers and the third most common cause
of cancer-related mortality worldwide [1, 2]. The 5-year
survival following RO (the surgical margin status was
negative) resection remains poor (23—49%), especially for
patients with locally advanced disease (14-55%) [3, 4].
To reduce mortality, it is necessary to choose an optimal
therapeutic approach, and this, in turn, depends on early
detection and accurate preoperative staging [5]. T stage,
as an important part of TNM staging system, influences
management of gastric cancer directly. For instance,
patients with early stage gastric adenocarcinoma has
been reported to be rarely accompanied by lymph node
invasion, and these patients can receive the less-invasive
endoscopic procedure such as endoscopic mucosal
resection [6, 7]; For advanced gastric adenocarcinoma,
neoadjuvant chemotherapy is an emerging option for
marginally resectable gastric cancers as it may lead to
downsizing or downstaging of the tumor, thus facilitating
its complete resection and improving the patient prognosis
[8]. For T4 gastric caner, these patients should be
considered for staging laparoscopy because there may
be the close relationship between T stage and peritoneal
seeding. In addition, lymphovascular invasion (LVI) was
an independent factor for lymph node metastasis (LNM)
and the prognosis of resectable gastric cancer patients [9—
11]. The presence of LVI has been shown to be associated
with a high recurrence rate and poor prognosis in patients
with gastric cancer. The combination of traditional
TNM staging with an assessment for LVI could lead
to a more accurate indication of the patient’s prognosis
[11]. In addition to TNM staging, LVI has been proved a
prognostic indicator that will aid in the identification of
gastric caner patients with a higher risk for the recurrence
including peritoneal seeding, and these patients should
be candidates for more extensive adjuvant chemotherapy
to reduce recurrence rates [3, 12]. Therefore, accurate
assessment of LVI was also important in predicting
prognosis and determining the most appropriate treatment
planning.

The pre-operative staging of gastric adenocarcinoma
has been based on a multimodality approach, such
as endoscopic ultrasonography (EUS), computed
tomography (CT), magnetic resonance imaging (MRI)
and positron emission tomography. CT and EUS are the
two main approaches for preoperative staging of gastric
adenocarcinoma. However, the accuracy of EUS and CT
for T stage is controversial. There are several contradictory
reports about EUS diagnostic accuracy in overall T stage
varied from 44.9% to 92.1% [13—16]. Moreover, EUS is
invasive, of limited use in severely debilitated patients,
highly operator dependent and with a field of view
restricted to the gastric wall [16]. CT is widely available,

non-invasive, can be performed in most patients and does
not require specialized operators. The reported accuracy
of CT for T-staging of gastric cancer is variable from 60 to
85% [17-20]. Three-dimensional multidetector computed
tomography (MDCT) has been reported to improve the
accuracy of preoperative local staging of gastric cancer
[21]. Nevertheless, these previous studies investigating the
accuracy of CT and EUS in preoperative gastric cancer
staging were based on the 6th edition of the American
Joint Committee on Cancer (AJCC) Cancer Staging
Manual. There have been modifications of the T stage
definitions including upstaging of subserosal involvement
from T2b in the 6th edition to T3 in the 7th edition and
serosal involvement from T3 in the 6th edition to T4a in
the 7th edition [22]. These modifications of the T stage
may result in inconsistent results. Meanwhile, these studies
usually focus on the retrospective studies results and lack
of independent validation. CT volumetry of gastric cancer
has been first reported to correlate with TNM stage and
was better than CT staging [23]. The purpose of this
retrospective study was to investigate the capabilities
of gross tumor volume (GTV) measured on MDCT for
predicting the presence of LVI and distinguishing T stages
of gastric adenocarcinoma with pathologic findings in
large surgical specimens as the reference standard.

RESULTS

Interobserver variability of measuring tumor
volume

For the first evaluation in the development cohort of
212 cases, the mean GTV was 32.25 cm®+ 29.25 (range,
2.3-189.3 cm?). For the repeat measurement, the mean
GTV was 30.89 cm’®=+ 27.43 (range, 2.5-191.6 cm?). As
for the precision of the CT measurements of GTV, the
coefficient of variation (CV) was 5% (range, 1%—14.6%).
Therefore, the CV was less than 10% and interobserver
variability of GTV was small, and average values of both
measurements were regarded as the final GTV. For the
both measurements in four patients, the CV exceeded
10%. Therefore, two additional measurements were
obtained and an average of the four measurements was
used as the final GTV.

Univariate and multivariate analysis of
clinicopathological factors and GTV correlated
with LVI

According to the possible factors predicting LVI
including the age, gender, anatomical distribution,
histologic type, T stage, GTV and lymph node status,
the results of univariate analysis are shown in Table 1.
According to univariate analysis, histology type, T stage,
GTV and lymph node status showed an association with
LVI. LVI was present more frequently in patients with
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Table 1: Univariate analysis of clinicopathological factors and gross tumor volume correlated

with lymphovascular invasion

. Lymphovascular invasion p value
Variables
Positive (n = 87) Negative (n = 125)
Age’ 59.85 + 11.62 58.8+9.93 0.289
Gender 0.641
Male 62 (71.2) 85 (68)
Female 25 (28.8) 40 (32)
Anatomical distribution 0.399
Upper 1/3 23 (26.4) 35(28)
Middle 1/3 28 (22.4) 26 (20.8)
Lower 1/3 36 (51.2) 64 (51.2)
Histology type 0.016
Differentiated 21 (31) 50 (40)
Undifferentiated 66 (69) 75 (60)
T- category <0.0001
T1 1(1.1) 18 (14.4)
T2 2(2.3) 38 (30.4)
T3 10 (11.5) 15 (12)
T4a 74 (85.1) 54 (43.2)
Gross tumor volume (cm?) <0.0001
<145 18 (20.7) 73 (58.4)
>14.5 69 (79.3) 52 (41.6)
Lymph node metastasis <0.0001
Absent 6(6.9) 66 (52.8)
Present 81 (93.1) 59 (47.2)

Note: Numbers in the brackets are percentages. ‘Data are medians + standard deviations.

undifferentiated than differentiated (P = 0.016), in patients
with deeper tumor depth than decreasing tumor depth (P
< 0.0001), in patient with GTV > 14.5 cm? than <14.5
cm? (P <0.0001), and in patients with LNM than without
these involvement (P < 0.0001). However, there were no
significant associations between the LVI and age (P =
0.289), gender (P = 0.641), anatomical distribution (P =
0.399).

As regards to multivariate analysis, T stage, GTV
and LNM were found to be independent risk factors
related to LVI. GTV [P = 0.02, odds ratio (OR) = 2.284],
T stage (P =0.002, OR =3.392) and LNM (P = 0.000, OR
= 11.948) of the primary tumor were associated with LVI.

Correlation between the LVI and GTYV and
between T stages and GTV

GTV increased with the presence of LVI
r=0.426, P <0.0001) and increasing of T stage (r = 0.656,
P <0.0001). The correlation between the LVI and GTV
is shown in Figure 1. GTV could predict the presence of

LVI (P < 0.0001). Table 2 and Figurel summarize the
correlation between T stages and GTV. GTV could help
distinguish T2 from T3 stage (P < 0.0001), T1-T2 from
T3-T4a (P <0.0001), T1 from T2-T4a (P < 0.0001), and
T1-T3 from T4a stages (P < 0.0001). GTV could not help
distinguish T1 from T2 (P = 0.117) and T3 from T4a
(P =0.100).

Receiver-operating characteristic (ROC)
analyses of GTV of gastric adenocarcinoma
for predicting the presence of LVI and
differentiation of T stages

As illustrated in Table 3 and Figure 2 in the
development cohort, moderate area under the receiver
operating characteristic curve (AUC) was observed
for GTV in the identifcation of LVI (AUC = 0.76) and
higher AUCs for distinguishing T2 from T3 stage (AUC
=0.833), T1 from T2-T4a stage (AUC = 0.860), T1-T2
from T3-T4a stage (AUC = 0.883) and T1-T3 from T4a
stage (AUC = 0.834). The GTV cutoff value in identifying
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Table 2: Gross tumor volume of resectable gastric adenocarcinoma in patients stratified by T

stages in the development cohort

T stages GTV (n =212)
T1 3.24 (2.00, 6.90)
T2 4.90 (3.24, 8.99)
T3 22.21(11.01, 36.40)
T4a 27 (15.20, 55.34)
T1-T2 4.90 (3.00, 8.00)
T2-T4a 22.52 (8.40, 45.00)
T3-T4a 32 (15.00, 54.00)
T1-T3 8.66 (3.18, 13.02)

Note: Data are presented as median (25th, 75th percentile).

LVI was 15.92 cm?’, with accuracies of 68.8%. For
distinguishing T2 from T3 stage, the GTV cutoff value
was 10.09 cm?, with accuracy of 83.6%. For distinguishing
T1 from T2-T4a stage, the GTV cutoff value was 8.2
cm?, with accuracies of 80.7%. For distinguishing T1-
T2 from T3-T4a stage, the GTV cutoff value was 15.88
cm’, with accuracies of 85.1%. For distinguishing T1-T3
from T4a stage, the GTV cutoff value was 21.55 cm?, with
accuracies of 81.2%.

As illustrated in Table 4 and Figure 2 in the
validation cohort, when compared with data in the
development cohort, similar diagnostic performances
of GTV were found in the validation cohort in the
identifcation of LVI (AUC = 0.742) and distinguishing
T2 from T3 stage (AUC = 0.861), identifying
distinguishing T1 from T2-T4a (AUC = 0.859),
distinguishing T1-T2 from T3-T4a stage (AUC =
0.875), and distinguishing T1-T3 from T4a stage
(AUC =0.773).
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DISCUSSION

Accurate assessment of LVI and precise staging
was important in predicting prognosis and determining
the most appropriate treatment planning for patients with
gastric cancer. Our results showed GTV could help identify
LVI(AUC, 0.760; accuracy, 68.8%), and distinguish T2 vs
T3 stage (AUC, 0.833; accuracy, 83.6%), T1 vs T2-T4a
stage (AUC, 0.860; accuracy, 80.7%), T1-T2 vs T3-T4a
stage (AUC, 0.0.883; accuracy, 85.1%), and T1-T3 vs T4a
stage (AUC, 0.834; accuracy, 81.2%) with the cutoff of
15.92 cm?, 10.09 cm?, 8.20 cm?, 15.88 cm3and 21.55 cm?,
respectively. These results suggest that GTV measured
on MDCT can be a potential alternative method for
preoperative identifying LVI and distinguishing T stages
of gastric cancers.

LVI is not only an independent influencing factor
for LNM, but also an independent predictive factor for
the prognosis of patients [9, 10]. Previous studies showed
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Figure 1: Box plots show the correlation between the lymphovascular invasion and gross tumor volume (GTV) (A), and distributions of

GTV stratified by T stage of gastric adenocarcinoma (B).
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Table 3: Receiver-operating characteristic analysis (ROC) of gross tumor volume of resectable
gastric adenocarcinoma for predicting lymphovascular invasion and detecting T stages in the
development cohort

Gross tumor volume T stages AUC  Sensitivity Specificity PPV NPV  Accuracy
cutoff (cm?) comparisons (%) (%) (%) (%) (%)
15.92 lymphovascular 0.760 75.6 65 59 79.3 68.8
invasion
(Hvs(5)
10.09 T2 vs T3 0.833 80 85 66.7 91.8 83.6
8.20 T1 vs T2-T4a 0.860 76 95 99.2 30 80.7
15.88 T1-T2 vs T3-T4a 0.883 83.9 88.1 94.5 69.3 85.1
21.55 T1-T3vs T4a 0.834 83.6 77 86.2 73.1 81.2

Note: AUC = area under the ROC curve, PPV = positive predictive value, NPV = negative predictive value.

the 5-year survival was 76.1% in patients without LVI, this study, we found that GTV increased with the presence
while the 5-year survival rate fell to 49.1% in patients of LVI, and was not only correlated with LVI but also
with LVI [10]. In addition, the other published studies an independent risk factor to LVI. When 15.92 cm?® was
also have investigated the prognostic significance of LVI taken as GTV cutoff value, we had a moderate diagnostic
in relation to gastric cancer. Peritoneal carcinomatosis accuracy and AUC for identifying LVI. Until now, few
has previously been found to be the most prevalent studies use the GTV for predicting LVI. Our findings
form of cancer recurrence, suggesting that in addition to suggest that GTV on MDCT can be a potential method
free cancer cells, hematogenous and lymphatic spread for the preoperative identifying LVI of gastric cancer. The
of cancer cells could simultaneously contribute to the probably pathological mechanism could be that LVI was
recurrence pattern in gastric cancer. The results of these mainly observed in the submucosal layer and increase in
studies indicated that the presence of LVI, either in the tumor volume was generally associated with extensive
blood or lymphatics, correlated with tumor recurrence into the submucosal layer by cancer nests [10].
including peritoneal seeding and a low survival rate that With the new minimally invasive endoscopic mucosal
appeared to be independent of lymph node status [12, resection therapeutic options for gastric cancer, preoperative
24-26]. The addition of LVI assessment to the current differentiation between early gastric cancer (T1) and
AJCC TNM staging system may lead to a more accurate advanced gastric cancers (T2 or greater) is becoming even
risk stratification of affected patients and may lead to more important [5, 6] Our study indicated that we had a
more appropriate clinical decision-making including higher diagnostic accuracy of 80.7% and AUC of 0.860
adjuvant chemotherapy [11, 12]. These results suggest using GTV cutoff 8.2 c¢cm’® for differentiating T2-T4a
that radical gastrectomy treatment should be combined from T1 stage. EUS is particularly shown to be useful in
with appropriate adjuvant therapy to improve their predicting T1 stage with accuracy varying between 44.9%
survival. Therefore, the preoperative identifying LVI was and 92.1% [13-15, 27]. These varied accuracies obtained
important to determine an appropriate treatment plan. In on EUS may attribute to the highly operator dependent and
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Figure 2: Receiver operating characteristic (ROC) curves of gross tumor volume (GTV) for predicting presence of lymphovascular
invasion and differentiation of T stages in patients with resectable gastric adenocarcinoma in the development cohort (A) and in

the validation cohort (B). ROC curves show GTV could help predict presence of lymphovascular invasion, and differentiate T stages between
T2 and T3, T1 and T2-T4a, T1-T2 and T3-T4a, and T1-T3 and T4a by using the GTV cutoff value of 15.90 cm?, 10.09 cm?® and 8.20 cm?, 15.88
cm?, 21.55 cm’, respectively.
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Table 4: Receiver-operating characteristic analysis (ROC) of gross tumor volume of resectable
gastric adenocarcinoma for predicting lymphovascular invasion and detecting T stages in the

validation cohort

Gross tumor volume T stages AUC Sensitivity Specificiy PPV NPV  Accuracy
cutoff (cm?) comparisons (%) (%) (%) (%) (%)
15.92 lymphovascular 0.742 73.6 62.7 52 80.5 66
invasion
(H)vs(5)
10.09 T2 vs T3 0.861 77.8 77.9 76.4 96.1 88.4
8.20 T1 vs T2-T4a 0.859 73.5 88.9 100 30 76.2
15.88 T1-T2 vs T3-T4a  0.875 81.1 86.4 95.5 67.2 84.3
21.55 T1-T3vs T4a 0.773 81.8 72 80.4 70 76.2

Note: AUC = area under the ROC curve, PPV = positive predictive value, NPV = negative predictive value.

a field of view restricted to the gastric wall. In addition,
Ahn et al. reported that the overall accuracy for T1 stage
with stomach protocol CT were 86.4% [27]. However,
most of these studies had used AJCC 6th edition criteria
and had a higher proportion of T1 and T2 stage tumors.
Kim et al. evaluated the accuracy of CT gastrography
according to the AJCC 7th edition criteria for determining
the depth of mural invasion and found that the accuracy
for T1 stage was 91% [17]. But the overall diagnostic
accuracy of the T staging was 77.2%—82.7%. In their study,
population had heterogeneous repartition among different
T stage with more than 50% of patients having a T1 lesion.
Our population mainly consisted of T4a and have small
sample of T1-T3 stage tumors, which may also explain the
differences in accuracy of our study as compared to those
reported in the literature.

In addition, conventional MDCT determines
whether the gastric subserosa (T3) is invaded mainly by a
smooth outer margin of the outer layer in the perigastric fat
plane. However, the problem in the differentiation between
T2 and T3 cancer on CT is that the enhanced low-density-
stripe layer can be seen in the inflammatory reaction [28].
We had a higher diagnostic accuracy of 83.6% and AUC
of 0.833 using GTV cutoff 10.09 cm® for differentiating
T3 form T2 stage. Our findings suggest that GTV can help
differentiate T3 from T2 stage. In order to identify patients
who best benefit from surgery without preoperative radio-
chemotherapy, it was important to distinguish early-to-
intermediate (T1-T2 stage) versus advanced (T3-T#4 stage,
which was likely to benefit from neoadjuvant preoperative
chemotherapy) gastric cancer. Joo et al reported that MRI
with diffusion-weighted imaging (DWI), MRI without
DWI, and MDCT demonstrated diagnostic accuracies of
78.7% to 85.1% [29]. Our study indicated that we had a
higher diagnostic accuracy of 85.1% and AUC of 0.860
(GTV cutoff, 15.88 cm?) for differentiating T3-T4 from
T1-T2. Considering the close relationship between T stage
and peritoneal seeding, patients with suspected T4a stage
cancers should be considered for staging laparoscopy
[30]. Joo et al also investigated that MRI with Diffusion-

weighted MRI (DWI), MRI without DWI, and MDCT
demonstrated diagnostic accuracies of 72.3% to 76.6%
for identifying T4a [29]. Yang et al investigated that the
accuracy of conventional CT and iodine concentration was
68.5% and 79.7%, respectively [31]. For differentiating
T4a from TI1-T3 stage, we had a higher diagnostic
accuracy of 81.2% and AUC of 0.834 (GTV cutoff, 21.55
cm?®). As the serosal surface is very rough and the adjacent
adipose tissues are generally turbid, increased density
could reflect several different phenomenon including
tumor invasion and reactive fibrous connective tissue
hyperplasia. Therefore, the accuracy of conventional
MDCT is relatively low for identifying T4a stage tumor.

Previous studies have reported that GTV has been
shown to correlate with T stage in other cancers, such as
oesophageal squamous cell carcinomas and nasopharyngeal
carcinoma [32, 33]. As regard gastric cancer, multivariate
analysis showed GTV as a significant prognostic factor
compared to depth of tumor invasion and nodal status.
Hallinan et al. first reported GTV on CT could help
differentiate between T stages of gastric cancer [23]. Our
study was consistent with that report. However, the cutoff
value and accuracy obtained in that study was a little higher
than ours. The probably reason was that a predominance of
T4 stage in that study may consist of T4a and T4b, which
is different from our study consisting of only T4a stage. It
was known to all that most patients with T4b stage tumor
had large tumor volume. Moreover, a limited number of
T3 stage were included. Therefore, additional studies with
a subsequently reduced selection bias, and including more
T1-T3 stage tumors, will be needed. Despite all this, it
should be noted that these published previous studies did
not apply the cutoff values identified in the development
cohort to a completely independent validation cohort and
compare the preoperative T stages to the postsurgical
staging and then calculate the accuracy of recommended
CT methodology. In our study, high diagnostic accuracy
of GTV in differentiating between T stages was found,
with AUCs of 0.760—-0.883 in the development cohort and
0.742—-0.875 in the validation cohort.
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There were several limitations in our study. Firstly,
the patient numbers among different T stage were not
well balanced. We had more patients with T4a and less
patients with T1 and T3 stage than other studies. This
could be partly attributed to inadequate early gastric
cancer screening programs in our country. Meanwhile,
our study population excluded patients with the T4b stage
tumor. We believe that MDCT is the method of choice
to image stage T4 tumors because surrounding organs
invasion are clearly shown in relation to the gastric tumor.
Therefore, it was not essential to utilize GTV to predict
the T4b stage. Secondly, our study did not include lymph
node staging. However, previous study has demonstrated
that GTV could help differentiate between N stages in
gastric adenocarcinoma [34]. Finally, GTV measurement
can be time consuming with the method we described.
Advanced measurement software may significantly reduce
the time needed to compute the tumor volume. In our
centre, the time for well trained radiologists performing
the measurements and calculation of GTV was controlled
in 200 sec. Moreover, we have examined approximately 5
case of newly diagnosed gastric carcinoma per week and
volumetry did not have a significant impact on workflow.

In conclusion, GTV of resectable gastric
adenocarcinoma measured with MDCT is associated with
LVI and the T stages. GTV has higher diagnostic accuracy
in indentifying LVI and differentiating between T stages
in gastric adenocarcinoma. We believe that this study
could be helpful in quantitatively predicting the LVI and
differentiating between T stages for clinicians choosing
optimal treatment modalities for individual cases.

MATERIALS AND METHODS

Study patients

This retrospective study was approved by our
Ethics Committee, with a requirement for written
informed consent. Between June 2013 and July 2016,
450 consecutive patients (age range, 2081 years) with
gastric adenocarcinoma diagnosed in our institution were
retrospectively recruited into this study. The exclusion
criteria for this study were as follows: (a) 17 patients who
had contraindications to surgery (including 3 patients
with other major organ severe disease, 8 patients with
haematogenous metastasis, and 6 patients with direct
invasion of adjacent organ did not undergo operation),
(b) 28 patients who had been treated with preoperative
neoadjuvant chemotherapy or radiation therapy, (c) 5
patients whose tumor images were of poor quality, (d)
40 patients who had T4b stage. Consequently, this study
involved 360 patients (age range, 2279 years). Then these
patients were divided into two cohorts. In the development
cohort (group A), data in 212 patients were used to develop
the GTV cutoff values in identifying the presence of LVI
and differentiating T stages of gastric adenocarcinoma. In

the validation cohort (group B), data in 148 patients were
used to validate the developed GTV cutoff values.

All patients underwent preoperative contrast-
enhanced CT examinations and endoscopic biopsy.
Subsequently, the enrolled patients were scheduled for
standard operative procedures. The interval between
CT and surgery was less than one week. As regards to
the group A, according to the postoperative pathologic
examination, 87 patients had LVI while 125 patients did
not. LVI was defined as the invasion of vessel walls by
tumor cells and/or the presence of tumor emboli within
an endothelial-lined space; with no distinction between
vascular and lymphatic vessels [35]. The following
criterion was used to identify the lumen of blood and/
or lymph vessels: (1) lined by endothelium; (2) with
supporting smooth muscle or elastica; (3) filled with
lymphatic fluid or red blood cells. The tumors were
located in the upper one-third of the stomach in 58
patients, the middle one-third in 54 patients and the lower
one-third in 100 patients. Tumor histology was classified
into two groups according to the Lauren classification
[36]: the differentiated group [well- or moderately
differentiated adenocarcinoma] in 71 patients, and
the undifferentiated group [poorly or undifferentiated
adenocarcinoma] in 141 patients. According to the
postoperative histopathology and 7th edition AJCC
criteria [22], primary tumors were classified as T1 stage
in 19, T2 stage in 40, T3 category in 25, and T4a stage
in 128 patients. As regards to the group B, 54 patients
had LVI while 94 patients did not. Primary tumors were
classified as T1 stage in 15, T2 stage in 28, T3 stage in
16, and T4a stage in 89 patients.

Contrast-enhanced MDCT

Five minutes prior to the CT examination, all patients
received 10 mg of butylscopolamine bromide (Buscopan;
Boehringer Ingelheim, Ingelheim, Germany) to minimize
the peristaltic bowel movement. Patients received with gas
ingested effervescent granules with 500 mL of water to
distend the stomach. Patients were examined in the supine
position, and the CT data acquisitions were obtained in the
arterial phase (25-30 s) and portal-venous phase (6070
s) covering the entire stomach in arterial phase and entire
abdomen and pelvis after initiation of the contrast material
injection (Ultravist 300, Iopamidol; Bayer Healthcare,
Berlin, Germany). Examinations were performed during
one breath hold at full suspended inspiration. The CT
scanning variables were 120 kVp, 200-380 mA, section
thickness of 2 mm, and reconstruction interval of 2 mm.
Scanning was performed during the arterial and portal
venous phases, and the anatomic coverage was from
the apex of the lungs to the pelvic cavity. The data were
directly interfaced and forwarded to the General Electric
Advantage Workstation 4.4 (Advantage Workstation
version 4.4; General Electric Healthcare).

www.impactjournals.com/oncotarget

Oncotarget



GTYV measurement

GTV was measured at a window width of 380 HU
and window level of 50 HU. The portal venous phase
was used for GTV measurement. GTV was calculated by
multiplying the sum of all the tumor areas by the section
thickness according to a previous report [23, 34, 37]. For
delineation of tumor area, we regarded the gastric wall as
abnormal when its thickness was > 5 mm on transverse
imaging with the stomach distended [19]. Tumor area
was manually outlined on each axial enhanced CT image
(Figure 3). Sometimes the accurate manually delineation
of tumor area is difficult because the tumor may locate
on oblique plane on axial CT images. Therefore,
coronal or sagittal reconstruction images were obtained
on the General Electric Advantage Workstation. The
reviewers were given the option to use coronal or sagittal
reconstructed images to determine the tumor area when the
tumor may locate on oblique plane on axial CT images.

Tumor areas were automatically derived by the
software. This previous process and analysis were
repeated for each contiguous transverse level until the
entire tumor had been covered, and the values of each

Area: 7imm

Max 165
Min: 52
Average: 62
Area: 993mm

contiguous transverse level were then summed to calculate
the GTV. The time required to perform the measurements
and calculation of GTV was approximately 200 seconds
on average (range, 100 to 350 seconds).

To maintain the accuracy of the measurement, 2
experienced radiologists (a 4 year radiology fellow and
an attending radiologist with 10 years of specialisation in
abdominal imaging) who were blinded to all clinical and
pathologic data including endoscopic findings working in
consensus were trained in measuring the GTV randomly
in another 20 patients by a radiologic professor. All tumor
measurements were repeated one month later to test the
interobserver reproducibility of the measurement of GTV.

Statistical analysis

All statistical analyses were carried out with SPSS
(version 17.0, SPSS, Chicago IL, United States). A P <0.05
was considered to represent a significant difference. The
CT data of the 212 patients with gastric adenocarcinoma
were used to test interobserver reproducibility of the
measurements. In these 212 patients, the precision of the
replicated GTV measurements was assessed using CV

Figure 3: Tumor volume measurement on MDCT. (A) T1 stage gastric adenocarcinoma on the gastric angle in a 58-year-old
man. Tumor area is manually drawn along margin of tumor, and value of this area (71 mm) is automatically derived by software together
with minimal, maximal, and average CT attenuation (in Hounsfeld units). (B) T2 stage gastric adenocarcinoma on the gastric body and
xanthogranulomatous cholecystitis (*) in a 55-year-old man. The tumor had an area of 519 mm. (C) T3 stage gastric adenocarcinoma on the
gastric antrum in a 48-year-old man. The tumor had an area of 993 mm. (D) T4a stage gastric adenocarcinoma on the gastric antrum in a
67-year-old man. The tumor had an area of 511 mm. Lymph node metastasis was found adjacent to the tumor (arrow).
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(standard deviation / mean x 100). When the % CV was
less than 10%, interobserver variability was considered
to be small, and the averaged value of the two observers’
measurements was regarded as the final GTV. If the %
CV exceeded 10%, another two measurements were made
by the previous observers and an average of the four
measurements was used as the final GTV.

Univariate associations between LVI and GTV
and clinicopathological factors were analyzed using the
chi-square test (or Fisher’s exact test when appropriate).
Multivariate logistic regression analyses were used to
assess the associated risk factors for LVI. GTV were
compared between patients stratified by T stages using
non-parametric Mann-Whitney tests together with
Bonferroni correction for multicomparisons. If there were
significant positive findings on Mann-Whitney tests, the
cutoff values of GTV were then determined with ROC
analysis for predicting presence of LVI and differentiation
of T stages. For the identification of T stages of gastric
cancer, accuracy, sensitivity, specifcity, positive predictive
value, and negative predictive value were calculated
with an optimal cutoff value that maximized the sum of
sensitivity and specificity.

Abbreviations

GTYV = gross tumor volume; LVI = lymphovascular
invasion; AUC = area under the receiver operating
characteristic curve ; EUS = endoscopic ultrasonography;
AJCC = American Joint Committee on Cancer ; CV
= coefficient of variation ; DWI = diffusion-weighted
imaging; ROC = receiver-operating characteristic; MRI =
magnetic resonance imaging; DWI = diffusion-weighted
MRI; MDCT = multidetector computed tomography; CT
= computed tomography

Author contributions

Guarantors of integrity of entire study, X.C., H.P,,
L.Y.,J.L., Z.L., H.L.; study concepts/study design or data
acquisition or data analysis/interpretation, all authors;
manuscript drafting or manuscript revision for important
intellectual content, all authors; manuscript final version
approval, all authors; agrees to ensure any questions
related to the work are appropriately resolved, all authors;
literature research, X.C., H.P., L.Y., H.L.; clinical studies,
X.C,HP,LY,JL.,ZL., G.C,NH., H.L.; experimental
studies, X.C., H.P., L.Y., H.L_; statistical analysis, X.C.;
and manuscript editing, X.C., H.L.; all authors should
have reviewed and agreed to this information before
submission.

CONFLICTS OF INTEREST

All authors stated that there were no conflicts of
interest in this study.

FUNDING

This study was supported by Huimin Project of
Science and Technology of Chengdu

(N0.2015-HMO01-00164-SF) and (No.2015-HMO01-
00082-SF).

REFERENCES

1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F,
Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. CA
Cancer J Clin. 2016; 66:115-32. https://doi.org/10.3322/
caac.21338.

2. Stomach CE. Mortality and Prevalence Worldwide in 2012.
http://globocan.iarc.fr/old/FactSheets/cancers/stomach-new.
asp. Assessed, 2012.

3. Cunningham D, Allum WH, Stenning SP, Thompson JN,
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk
SJ, Iveson TJ, Smith DB, Langley RE, Verma M, et al, and
MAGIC Trial Participants. Perioperative chemotherapy
versus surgery alone for resectable gastroesophageal cancer.
N Engl J Med. 2006; 355:11-20. https://doi.org/10.1056/
NEJMoa055531.

Ychou M, Boige V, Pignon JP, Conroy T, Bouché O,
Lebreton G, Ducourtieux M, Bedenne L, Fabre JM, Saint-
Aubert B, Geneve J, Lasser P, Rougier P. Perioperative
chemotherapy compared with surgery alone for resectable
gastroesophageal adenocarcinoma: an FNCLCC and FFCD
multicenter phase III trial. J Clin Oncol. 2011; 29:1715-21.
https://doi.org/10.1200/JC0O.2010.33.0597.

5. Shimada S, Yagi Y, Shiomori K, Honmyo U, Hayashi
N, Matsuo A, Marutsuka T, Ogawa M. Characterization
of early gastric cancer and proposal of the optimal
therapeutic strategy. Surgery. 2001; 129:714-19. https:/
doi.org/10.1067/msy.2001.114217.

6. Othman MO, Wallace MB. Endoscopic
resection (EMR) and endoscopic submucosal dissection
(ESD) in 2011, a Western perspective. Clin Res Hepatol
Gastroenterol. 2011; 35:288-94. https://doi.org/10.1016/;.
clinre.2011.02.006.

7. Kang KJ, Kim KM, Min BH, Lee JH, Kim JJ. Endoscopic
submucosal dissection of early gastric cancer. Gut Liver.
2011; 5:418-26. https://doi.org/10.5009/gnl.2011.5.4.418.

8. Shum H, Rajdev L. Multimodality management of
resectable gastric cancer: A review. World J Gastrointest
Oncol. 2014; 6:393-402. https://doi.org/10.4251/wjgo.
v6.110.393.

9. Kamata I, Ishikawa Y, Akishima-Fukasawa Y, Ito K,
Akasaka Y, Uzuki M, Fujimoto A, Morita H, Tamai S,
Machara T, Ogata K, Shimokawa R, Igarashi Y, et al.
Significance of lymphatic invasion and cancer invasion-

mucosal

related proteins on lymph node metastasis in gastric cancer.
J Gastroenterol Hepatol. 2009; 24:1527-33. https://doi.
org/10.1111/1.1440-1746.2009.05810.x.

www.impactjournals.com/oncotarget

12440

Oncotarget



10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

Bu Z, Zheng Z, Li Z, Zhang L, Wu A, Wu X, Sun Y, Ji J.
Lymphatic vascular invasion is an independent correlated
factor for lymph node metastasis and the prognosis of
resectable T2 gastric cancer patients. Tumour Biol. 2013;
34:1005-12. https://doi.org/10.1007/s13277-012-0637-3.
Li P, He HQ, Zhu CM, Ling YH, Hu WM, Zhang XK,
Luo RZ, Yun JP, Xie D, Li YF, Cai MY. The prognostic
significance of lymphovascular invasion in patients with
resectable gastric cancer: a large retrospective study from
Southern China. BMC Cancer. 2015; 15:370. https://doi.
org/10.1186/s12885-015-1370-2.

Kim JH, Park SS, Park SH, Kim SJ, Mok YJ, Kim
CS, Lee JH, Kim YS. Clinical
immunohistochemically-identified lymphatic and/or blood

significance of

vessel tumor invasion in gastric cancer. J Surg Res. 2010;
162:177-83. https://doi.org/10.1016/].jss.2009.07.015.

Lee HH, Lim CH, Park JM, Cho YK, Song KY, Jeon HM,
Park CH. Low accuracy of endoscopic ultrasonography for
detailed T staging in gastric cancer. World J Surg Oncol.
2012; 10:190. https://doi.org/10.1186/1477-7819-10-190.

Fairweather M, Jajoo K, Sainani N, Bertagnolli MM, Wang
J. Accuracy of EUS and CT imaging in preoperative gastric
cancer staging. J Surg Oncol. 2015; 111:1016-20. https://
doi.org/10.1002/js0.23919.

Spolverato G, Ejaz A, Kim Y, Squires MH, Poultsides
GA, Fields RC, Schmidt C, Weber SM, Votanopoulos K,
Maithel SK, Pawlik TM. Use of endoscopic ultrasound
in the preoperative staging of gastric cancer: a multi-
institutional study of the US gastric cancer collaborative. J
Am Coll Surg. 2015; 220:48-56. https://doi.org/10.1016/j.
jamcollsurg.2014.06.023.

Tsendsuren T, Jun SM, Mian XH. Usefulness of endoscopic
ultrasonography in preoperative TNM staging of gastric
cancer. World J Gastroenterol. 2006; 12:43—47. https://doi.
org/10.3748/wjg.v12.11.43.

Kim JW, Shin SS, Heo SH, Choi YD, Lim HS, Park YK,
Park CH, Jeong Y'Y, Kang HK. Diagnostic performance
of 64-section CT using CT gastrography in preoperative T
staging of gastric cancer according to 7th edition of AJCC
cancer staging manual. Eur Radiol. 2012; 22: 654-662.
https://doi.org/10.1007/s00330-011-2283-3.

Kim AY, Kim HJ, Ha HK. Gastric cancer by multidetector
row CT: preoperative staging. Abdom Imaging. 2005;
30:465-72. https://doi.org/10.1007/s00261-004-0273-5.
Kim HS, Han HY, Choi JA, Park CM, Cha IH, Chung
KB, Mok YlJ. Preoperative evaluation of gastric cancer:
value of spiral CT during gastric arteriography (CTGA).
Abdom Imaging. 2001; 26:123-30. https://doi.org/10.1007/
$002610000167.

Kumano S, Murakami T, Kim T, Hori M, Iannaccone R,
Nakata S, Onishi H, Osuga K, Tomoda K, Catalano C,
Nakamura H. T staging of gastric cancer: role of multi-
detector row CT. Radiology. 2005; 237:961-66. https://doi.
org/10.1148/radiol.2373041380.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Kim HJ, Kim AY, Oh ST, Kim JS, Kim KW, Kim PN, Lee

MG, Ha HK. Gastric cancer staging at multi-detector row
CT gastrography: comparison of transverse and volumetric
CT scanning. Radiology. 2005; 236:879-85. https://doi.
org/10.1148/radiol.2363041101.

Washington K. 7th edition of the AJCC cancer staging
manual: stomach. Ann Surg Oncol. 2010; 17:3077-3079.
https://doi.org/10.1245/s10434-010-1362-z.

Hallinan JT, Venkatesh SK, Peter L, Makmur A, Yong WP,
So JB. CT volumetry for gastric carcinoma: association
with TNM stage. Eur Radiol. 2014; 24:3105-14. https://
doi.org/10.1007/s00330-014-3316-5.

Machara Y, Kabashima A, Koga T, Tokunaga E, Takeuchi
H, Kakeji Y, Sugimachi K. Vascular invasion and potential
for tumor angiogenesis and metastasis in gastric carcinoma.
Surgery. 2000; 128:408-16. https://doi.org/10.1067/
msy.2000.107265.

Cao F, Hu YW, Li P, Liu Y, Wang K, Ma L, Li PF, Ni CR,
Ding HZ. Lymphangiogenic and angiogenic microvessel
density in chinese patients with gastric carcinoma:
correlation with clinicopathologic parameters and
prognosis. Asian Pac J Cancer Prev. 2013; 14:4549-52.
https://doi.org/10.7314/APJCP.2013.14.8.4549.

Gresta LT, Rodrigues-Junior IA, de Castro LP, Cassali GD,
Cabral MM. Assessment of vascular invasion in gastric
cancer: a comparative study. World J Gastroenterol. 2013;
19:3761-69. https://doi.org/10.3748/wjg.v19.124.3761.
Ahn HS, Lee HJ, Yoo MW, Kim SG, Im JP, Kim SH,
Kim WH, Lee KU, Yang HK. Diagnostic accuracy of T
and N stages with endoscopy, stomach protocol CT, and
endoscopic ultrasonography in early gastric cancer. J Surg
Oncol. 2009; 99:20-27. https://doi.org/10.1002/js0.21170.
D’Elia F, Zingarelli A, Palli D, Grani M. Hydro-dynamic
CT preoperative staging of gastric cancer: correlation with
pathological findings. A prospective study of 107 cases.
Eur Radiol. 2000; 10:1877-85. https://doi.org/10.1007/
s003300000537.

Joo I, Lee JM, Kim JH, Shin CI, Han JK, Choi BI.
Prospective comparison of 3T MRI with diffusion-weighted
imaging and MDCT for the preoperative TNM staging of
gastric cancer. ] Magn Reson Imaging. 2015; 41:814-21.
https://doi.org/10.1002/jmri.24586.

Makino T, Fujiwara Y, Takiguchi S, Tsuboyama T, Kim T,
Nushijima Y, Yamasaki M, Miyata H, Nakajima K, Mori
M, Doki Y. Preoperative T staging of gastric cancer by
multi-detector row computed tomography. Surgery. 2011;
149:672—79. https://doi.org/10.1016/j.surg.2010.12.003.
Yang L, Shi G, Zhou T, Li Y, Li Y. Quantification of the
Iodine Content of Perigastric Adipose Tissue by Dual-
Energy CT: A Novel Method for Preoperative Diagnosis of
T4-Stage Gastric Cancer. PLoS One. 2015; 10:e0136871.
https://doi.org/10.1371/journal.pone.0136871.

Wu Z, Gu MF, Zeng RF, Su Y, Huang SM. Correlation
between nasopharyngeal carcinoma tumor volume and

WWW

.impactjournals.com/oncotarget

12441

Oncotarget



33.

34.

the 2002 International Union Against Cancer tumor
classification system. Radiat Oncol. 2013; 8:87. https://doi.
org/10.1186/1748-717X-8-87.

Li H, Chen TW, Zhang XM, Li ZL, Chen XL, Tang
HJ, Huang XH, Chen N, Yang Q, Hu J. Computed
tomography scan as a tool to predict tumor T category
in resectable esophageal squamous cell carcinoma. Ann
Thorac Surg. 2013; 95:1749-55. https://doi.org/10.1016/].
athoracsur.2013.01.052.

Li H, Chen XL, Li JR, Li ZL, Chen TW, Pu H, Yin
LL, Xu GH, Li ZW, Reng J, Zhou P, Cheng ZZ, Cao Y.
Tumor volume of resectable gastric adenocarcinoma on
multidetector computed tomography: association with N
categories. Clinics (Sao Paulo). 2016; 71:199-204. https://
doi.org/10.6061/clinics/2016(04)04.

35.

36.

37.

Mete O, Asa SL. Pathological definition and clinical
significance of vascular invasion in thyroid carcinomas of
follicular epithelial derivation. Mod Pathol. 2011; 24:1545—
52. https://doi.org/10.1038/modpathol.2011.119.

Lauren P. The two histological main types of gastric
carcinoma: diffuse and so-called intestinal-type carcinoma.
An attempt at a histo-clinical classification. Acta Pathol
Microbiol Scand. 1965; 64:31-49. https://doi.org/10.1111/
apm.1965.64.1.31.

Li R, Chen TW, Hu J, Guo DD, Zhang XM, Deng D,
Li H, Chen XL, Tang HJ. Tumor volume of resectable
adenocarcinoma of the esophagogastric junction at
multidetector CT: association with regional lymph node
metastasis and N stage. Radiology. 2013; 269:130-38.
https://doi.org/10.1148/radiol.13122269.

www.impactjournals.com/oncotarget

12442

Oncotarget



