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Objective: This study aimed to investigate if CT-de-
tected extramural venous invasion (ctEMVI) was associ-
ated with the presence of lymph node metastasis (LNM)
and survival outcomes in patients with gastric cancer.
Methods: We retrospectively reviewed 105 patients with
pathologically proved gastric cancer who underwent
pre-operative CT examinations and received radical
gastrectomy with extended lymphadenectomy. Differ-
ences in CT characteristics between the LNM-positive
and -negative groups were assessed by two observers.
Binary logistic regression analysis was performed to
determine the risk factors of lymph node metastasis in
gastric cancer. Progression-free survival analysis was
performed by Kaplan-Meier method.

Results: Two observers reached good inter-reader
agreements in ctEMVI and ctN status with k values of
0.711 and 0.751, respectively. The frequency of ctEMVI-
positive status was 58.1% (61/105) in patients with
gastric cancer. The LNM-positive group showed higher
possibility of ctEMVI-positive status (81.7% vs 26.7%,
p <0.001), larger tumor volume (mean volume, 40.77 vs
22.09 mL, p <0.001), poor tumor margin (45.0% vs 26.7%
, p = 0.054) and high enhancement on arterial phase
(43.3% vs 26.7%, p = 0.023) and venous phase (60.0% vs

INTRODUCTION

Gastric cancer is the fourth most common malignant
tumor and the second most death-related neoplastic
disease worldwide.! Curative surgical resection and
combination chemotherapy are widely recommended
for the treatment of gastric cancer. Several studies have
revealed that one important factor affecting the overall
survival (OS) in resectable gastric cancer is lymph node

44.4%, p = 0.048), than LNM-negative group. In multi-
variate analysis, ctEMVI status and tumor volume were
identified as independent risk factors for lymph node
metastasis with odds ratio (OR) of 9.804 (95% Cl, 3.076
- 31.246; p <0.001) and 1.030 (95% ClI, 1.001 - 1.060; p =
0.044). CT-detected EMVI presented better diagnostic
efficiency for lymph node metastasis than CT-defined
N status, with sensitivity (81.7% vs 70.0%), specificity
(73.3% vs 711%), accuracy (78.1% vs 70.5), PPV (80.3% vs
76.4%), and NPV (75.0% vs 64.0%), respectively. Kaplan-
Meier curves showed that patients with positive ctEMVI
findings has lower PFS rate than patients with negative
ctEMVI findings (Log-rank test, p = 0.007).

Conclusion: CT-detected EMVI was significantly asso-
ciated with lymph node metastasis and progression
free survival in patients with gastric cancer. Compared
to CT-defined N status, ctEMVI provided superior diag-
nostic performance to predict pathologic Nstatus.
Advances in knowledge: Our study proved that CT-de-
tected EMVI is a promising imaging marker to predict
lymph node metastasis and poor prognosis, which may
contribute to the precise evaluation of gastric cancer
before surgery.

metastasis (LNM),? which is related to the selection of
treatment strategies and the prognosis of gastric cancer.

Extramural vessel invasion (EMVI), pathologically
defined as tumor cells invading the vasculature beyond
the muscularis propria,” has been extensively studied
in rectal cancer. Histopathological evidences showed
that EMVI is presented in 28.0% of patients with gastric
cancer.* Although not a part of the AJCC/UICC staging
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system, EMVI is widely recognized as a predictor of poor
prognosis,” which is usually related to higher incidence rate of
metastasis and disease recurrence.

MRI has exhibited excellent application for detecting EMVI
status among patients with rectal cancer, due to its high resolu-
tion of soft tissue. A study conducted by Hunter et al® demon-
strated that EMVI defined by MRI can be used as an adverse
imaging feature for synchronous distant metastasis in patients
with rectal cancer. However, the application of MRI in gastric
cancer is rarely seen due to the motion artifacts. With the devel-
opment of multidetector CT techniques, the spatial resolution of
CT images is continuously improving, along with the multiplanar
reconstruction technique now been increasingly used in clinical
practice, which makes the detection of EMVI on CT images a
lot more accurate. As is reported in previous study,” contrast-
enhanced CT is valuable for detecting EMVT status in patients
with gastric cancer before curative surgery. To our knowledge,
only a few studies have reported about the importance of EMVI
in the pre-operative radiological evaluation of gastric cancer. In a
study by Cheng et al.> EMVI-positive status detected on CT was
identified as an adverse imaging feature of synchronous metas-
tasis in patients with T4 gastric cancer. However, the patients in
this study were involved with peritoneal metastases and distant
metastases, rather than pathologically proved lymph nodes
metastases.

Therefore, this study aimed to retrospectively analyze the rela-
tionship between ctEMVT status and pathologic N status and
progression free survival, and to compare the predictive value
of ctEMVT to that of ctN status as well as other qualitative tumor
characteristics.

METHODS AND MATERIALS

Patients

This retrospective study was approved by the institutional review
board of Zhongshan Hospital of Fudan University, and a waiver
of informed consent was obtained. Between January 2019 and
October 2019, a total of 214 patients who had undergone abdom-
inal contrast-enhanced CT examinations with pathologically
proved gastric cancers were preliminary included. Among these
cases, we further selected patients according to the following
criteria: (1) patients who had gone through radical gastrectomy
with extended lymphadenectomy for primary gastric cancer
within 2 weeks upon CT examination; (2) no history of previous
gastrectomy or endoscopic resection; (3) no history of neoadju-
vant chemotherapy; (4) lesion that unable to be detected on CT
images; (5) with a histological type of adenocarcinoma. Finally,
105 patients with pathologically proved gastric cancer were
included in the study. The flow chart of patient inclusion and
exclusion process is presented in Figure 1.

Post-operative follow-up of all enrolled patients had been
implemented until July 20, 2020. The presence of radiography/
ultrasonography or laboratory testing-proved local recurrence,
distant metastasis, or gastric cancer-related death was consid-
ered as disease progression. Progression-free survival (PFS) was
defined as the period of time between surgery and the disease
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progression status, or the latest follow-up day for patient without
any progression.

Surgical procedure

All patients underwent radical gastrectomy with extended lymph-
adenectomy in our general surgery department. According to
the Japanese gastric cancer treatment guidelines 2014 (v. 4),9 the
perigastric lymph nodes along with the lymph nodes that accom-
pany the named vessels of the celiac trunk were dissected. D2
resection was implemented for all patients as a standard surgical
procedure. At least more than 16 lymph nodes were dissected
and sent separately for pathological examination to confirm
whether there was a presence of metastasis.

Acquisition of contrast-enhanced CT images

All abdominal CT examinations were performed with the
following CT scanner in Zhongshan Hospital of Fudan Univer-
sity: a 128-slice CT scanner (SOMATOM Definition AS,
Siemens Healthineers, Germany). All patients were asked to fast
for at least 8 h before CT scan, and to drink 800-1000 ml water
20 min before the examination in order to sufficiently distend
their stomachs. CT scans covered the top of the diaphragm
to hypogastric region with the patient supine. Contrast-
enhanced CT images were acquired after intravenous injection
of 100ml non-ionic contrast agent (300mg I/mL; Ultravist,
Bayer Schering Pharma, Berlin, Germany), using an automated
injector at a rate of 3 mls™'. The arterial and portal venous CT
phases were acquired by scanning the images 30-35 and 80 s
respectively. CT scan parameters were as follows: tube voltage of
120 kVp; tube current of 160 mAs; rotation time of 0.5 s; pitch of
0.9, detector collimation of 32 x 1.2 mm; field of view of 387 x
387 mm; matrix size of 512 x 512; slice thickness of 1.5mm and
slice interval of 1.5mm. Multiplane reconstructions including
axial, sagittal and coronal planes with 1.5mm thickness were
performed on a separate workstation. All CT scanning data
were transferred to the picture archiving and communications
systemin our institution.

CT image analyses

All CT images were retrieved from the picture archiving and
communications system for retrospective analysis, using the
DICOM reader software Centricity DICOM Viewer 3.1 (GE
Healthcare, Chicago, IL). Two radiologists (YT.Y and SY.D with 3
and 5 years of clinical experience in abdominal CT, respectively)
who were blinded to the histopathology reports analyzed the CT
images independently. A third radiologist (SX.R with 20 years
of clinical experience in abdominal CT) was asked to review the
images and make the final diagnosis if there was a controversy
between the two younger observers. All CT image analyses were
performed on multiplanar reconstruction images to determine
the CT features in a more accurate manner.

In this study, ctEMVT and ctN status were considered two main
factors under investigation, and the additional qualitative CT
features included tumor location, tumor morphology, tumor
margin, tumor volume, degree of enhancement on arterial and
venous phases, and dynamic pattern of enhancement.
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Figure 1. Flow chart of patient inclusion and exclusion process. GIST, gastrointestinal stromal tumor.

Jan 2019-Oct 2019

214 patients were suspected of having gastric cancer
underwent abdominal contrast-enhanced CT

before surgery

76 patients were excluded for:

@ a history of previous gastrectomy or endoscopic
> resection (n=14)

® a history of neoadjuvant chemotherapy (n=9)

@) treated by chemotherapy or radiotherapy (n=53)

h 4

with extended lymphadenectomy

138 patients received radical gastrectomy

after surgery

33 patients were excluded for:

@ diagnosed as GIST, neuroendocrine carcinoma and
intraepithelial neoplasia (n=19)

@) lesion that unable to be detected on CT images (n=11)

@ time interval between CT examination and surgery >2
weeks (n=3)

A

105 patients with pathologically proven
gastric adenocarcinoma were finally enrolled

patients with lymph
node metastasis (n=60)

patients without lymph
node metastasis (n=45)

ctEMVI-positive status was defined as a contiguous tubular or
nodular soft tissue which extended from the tumor lesion to the
extramural blood vessels, leading to dilated vessels or exhib-
iting filling defects within the dilated veins along the vessels of
the mesentery. With reference to the MR-defined EMVI scoring
standard of the rectal cancer,'’ along with the evaluation of
ctEMVT in gastric cancer reported by Tan et al,” we scored the

Table 1. CT criteria of EMVI status for gastric cancer

ctEMVT according to the following criteria presented in Table 1.
0 to 2 points were defined as ctEMVI-negative status and 3 to 4
points were ctEMVI-positive stastus. Examples of ctEMVT eval-
uation were shown in Figure 2. ctN-positive status was defined
as any celiac lymph node with a short-axis diameter larger than
10mm*'". Primary tumor location included three area: cardia,
body and antrum. Tumor morphology was assessed as focal or

CT-defined
EMVI Score Typical Imaging Features
0 The lesion does not penetrate the gastric wall, and there are no extramural blood vessels adjacent to the tumor area
1 Slight extramural nodular extension, but no exhibition of any invasion into the vascular structure outside the tumor
region
2 The mass penetrates the gastric wall,with extramural blood vessels in the vicinity of the tumor area, but there is no
tumor density shadow within the vascular lumen, and these vessels are of normal caliber
3 The mass penetrates the gastric wall and extends in a strip shape into the extramural vascular lumen, whereas the caliber
of these involved vessels is only slightly expanded
4 Obvious tubular or nodular soft-tissue extends irregularly into the extramural vascular luminal cavity with distinct
distention of the vessel lumen

EMVI, extramural venous invasion.
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Figure 2. (a-e) Images show examples of ctEMVI evaluation criteria using 5-point method in gastric cancer. (a) O points: a trans-
verse image of venous phase shows there are no extramural blood vessels adjacent to the tumor lesion, which does not penetrate
the gastric wall (white arrow). (b) 1 point: a coronal reconstruction image of venous phase shows minimal extramural stranding
of the tumor lesion, but the adjacent blood vessel is not involved (white arrow). (c) 2 points: a transverse venous phase image
shows the mass penetrates the gastric wall, with curved vessels around the tumor region (white arrow), but there is no exhibition
of tumor density shadow inside the vascular lumen. (d) 3 points: a transverse venous phase image shows the mass extend in a
tubular shape into the perigastric vascular lumen, with the involved vessel slightly curved and dilated (white arrow). (e) 4 points: a
transverse venous phase image exhibits filling defects within the extramural vascular lumen, whose caliber is of distinct distention

(white arrow). ctEMVI, CT-detected extramural venous invasion.

diffuse type. Tumor region was characterized as well-defined
margin or poorly defined margin. Tumor region was manu-
ally draftedon each axial slice on venous phase. Whole-tumor
volume was calculated by multiplying each cross-sectional
tumor area by section thickness.The tumor region avoided the
gas and liquid inside the gastric cavity, as well as excluding the
perigastric lymph nodes, curving vessels and adjacent organs
outside the gastric wall. According to the enhancement differ-
ence between the tumor region and normal gastric tissue, the
degree of enhancement was defined as low, moderate and high
enhancement on arterial and portal venous phases.'> Subse-
quently, the dynamic enhancement pattern was defined as
persistently low enhancement (low/low), progressively enhanced
pattern (low/moderate, low/high, or moderate/high), gradually
attenuated pattern, (high/moderate, high/low or moderate/low)
and persistently high enhancement pattern (high/high).

Histopathological evaluation

The radical gastrectomy specimens and extended lymphadenec-
tomy specimens were fixed in formalin and stained with hema-
toxylin and eosin. According to the American Joint Committee
on Cancer criteria (v. 8), the pathologic lymph node metastasis
staging was precisely evaluated. Based on N stages of all lymph-
adenectomy specimens, the patients were divided into two
groups: the LNM-positive and LNM-negative group. Moreover,
the histologic type and differentiation of each tumor were also
recorded.

Statistical analyses

Inter-reader agreements were assessed using Cohen’s K coeflicient
(%) to check the reproducibility of ctEMVI and ctN status since
they were the major factors investigated in our study. The K value
degree was divided into four grades: poor agreement (x<<0.20);
fair agreement (0.21 - 0.40); moderate agreement (0.41 - 0.60);
good agreement (0.61 - 0.80); and perfect agreement (k > 0.8).

Clinical, histopathological and CT characteristics between LNM-
positive and -negative groups were compared, using univariate
statistical tests such as x” test, Fisher’s exact test, Mann-Whitney
U test and the Student’s ¢ test. Any factors with p-value lower
than 0.1 in univariate analyses were chosen for further multi-
variate logistic regression analysis, with the enter selection
procedure. Sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV) assessed with
ctEMVTI and ctN were calculated, using the pathology-proved N
status as reference standard.

PES analysis was performed using the Kaplan-Meier method,
and Log-rank test was used to compare the difference between
groups. All statistical analyses were performed using SPSS 25.0
software (SPSS Inc., Chicago, IL). All categoric variables were
presented as number and percentage, and all quantitative vari-
ables were presented as mean * SD. For all statistical analyses, a
two-tailed p-value less than 0.05 was considered as statistically
significant.
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Table 2. Clinical and histopathological characteristics of gastric cancer patients

Characteristics LNM-positive (n =60 ) LNM-negative (n = 45) p-value
Age, years (mean * SD) 64.32 +9.44 63.33£9.28 0.596
Gender 0.459
Male 44 (73.3) 30 (66.7)

Female 16 (26.7) 15 (33.3)

Lauren classification 0.098
Intestinal 21 (35.0) 23 (51.1)

Diffuse/Mixed 39 (65.0) 22 (48.9)

Tumor differentiation 0.003
Well or moderate 13 (21.7) 22 (48.9)

Poor 47 (78.3) 23 (51.1)

SD, standard deviation.
Data in parentheses are percentages.

RESULTS

Clinical and histopathological information

There were 74 males and 31 females included in this study, with
a mean age of 63.90 * 9.35 years (range, 28-84 years; median, 65
years). No distant metastases were found in those patients either
on pre-operative CT images or during surgery. The clinical and
histopathological information of 105 patients were presented in
Table 2. There were no significant differences in age and gender
between the LNM-positive and -negative groups. Histopatho-
logical examinations showed that the LNM-positive gastric
cancer tended to have a poorer differentiation (78.3%, 47/60),
while well or moderate differentiation type (48.9%, 22/45) was
more common in LNM-negative cancers (p = 0.003). The Lauren
classification showed no significant difference between the two
groups (p = 0.098).

CT characteristics for lymph node metastasis

Two observers reached good inter-reader agreements in recogni-
tion of ctEMVI and ctN status with « values of 0.711 and 0.751,
respectively. CT characteristics of gastric cancer were presented in
Table 3. The frequency of ctEMVI-positive status in this study was
58.1% (61/105). As it was shown in the table, the LNM-positive
group had a much higher possibility of ctEMVI-positive status
[81.7% (49/60) vs 26.7% (12/45), respectively], and the difference
was statistically significant (p<<0.001). In terms of the ctN status,
LNM-positive group had a significantly higher frequency of ctN-
positive status [70.0% (42/60) vs 28.9% (13/45), respectively;
(p<<0.001)]. The LNM-positive group more frequently showed
a poorly-defined margin than the LNM-negative group [45.0%
(27/60) vs 26.7% (12/45), respectively] and the difference was
nearly significant (p = 0.054). Furthermore, the tumor volume
of LNM-positive group was significantly larger than the LNM-
negative group (mean volume, 40.77 ml vs 22.09 ml, p<<0.001).
As for the degree of enhancement of the tumor lesion, the LNM-
positive group was more likely to have high enhancement on
both arterial phase (43.3%, 26/60) and venous phase (60.0%,
36/60), compared with the LNM-negative group [(26.7%, 12/45)
(p = 0.023); (44.4%, 20/45) (p = 0.048); respectively]. However,
the dynamic enhancement pattern of tumor regions presented

no significant difference (p = 0.455). In terms of the location and
morphology of tumor, the difference between the two groups was
not statistically significant (p = 0.507 and 0.213, respectively).

Risk factors for lymph node metastasis

Results of binary logistic regression analysis were presented in
Table 4. Multivariate analysis showed that ctEMVTI status and
tumor volume were independent risk factors for pathological
lymph node metastasis, with an OR of 9.804 (95% CI, 3.076
- 31.246; p<<0.001) and 1.030 (95% CI, 1.001 - 1.060; p =
0.044), respectively.

Diagnostic performance of ctEMVI for lymph node
metastasis

The diagnostic performances of ctEMVI and ctN for lymph
node metastasis were presented in Table 5. Compared with ctN,
ctEMVT had an overall advantage in aspects of sensitivity (81.7%
vs 70.0%), specificity (73.3% vs 71.1%), accuracy (78.1% vs 70.5),
PPV (80.3% vs 76.4%), and NPV (75.0% vs 64.0%).

Progression-free survival outcomes

During the whole follow-up period (range, 7-460 days; median,
165 days), there were 16 (15.2%) cases reported disease progres-
sion after surgery. In addition, 7 (6.7%) cases were considered loss
to follow-up due to a follow-up interval less than 30 days. Among
ctEMVI-positive patients, 23.0% (14/61) of them developed disease
progression. In contrast, 4.5% (2/44) developed disease progression
among ctEMVI-negative patients. For patients with ctN-positive
status, 20.0% (11/55) of them developed disease progression, while
10.0% (5/50) of patients with ctN-negative status developed disease
progression. Kaplan-Meier curves showed the differences of PFS
stratified by the ctEM VT and ctN status (Figure 3). The difference
of PES between patients with and without ctEMVT findings was
of statistical significance (Log-rank test, Xz = 7.203, p = 0.007).
However, no significant difference was obtained in the PFS strati-
fied by ctN status (Log-rank test, x* = 2.352, p = 0.125).

DISCUSSION
This retrospective study investigated several CT characteristics
of gastric cancer to differentiate patients with and without lymph
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Table 3. Prevalence of CT characteristics between LNM-positive and -negative gastric cancers

Characteristics LNM-positive (n = 60) LNM-negative (n = 45) p-value

ctEMVI status <<0.001

Positive 49 (81.7) 12 (26.7)

Negative 11 (18.3) 33(73.3)

ctN status <<0.001

Positive 42 (70.0) 13 (28.9)

Negative 18 (30.0) 32 (71.1)

Tumor location 0.507

Cardia 13 (21.7) 11 (24.4)

Body 21 (35.0) 11 (24.4)

Antrum 26 (43.3) 23 (51.1)

Morphology 0.213

Focal 50 (83.3) 33(73.3)

Diffuse 10 (16.7) 12 (26.7)

Tumor margin 0.054

Well-defined margin 33 (55.0) 33(73.3)

Poorly defined margin 27 (45.0) 12 (26.7)

Tumor volume, mL 40.77 + 31.86 22.09 £17.03 <<0.001

Degree of enhancement

Arterial phase 0.023

Low 13 (21.7) 21 (46.7)

Moderate 21 (35.0) 12 (26.7)

High 26 (43.3) 12 (26.7)

Venous phase 0.048

Low 8(13.3) 15(33.3)

Moderate 16 (26.7) 10 (22.2)

High 36 (60.0) 20 (44.4)

Dynamic enhancement pattern 0.455

Persistently low enhancement 18 (30.0) 20 (44.4)

Progressively enhanced pattern 22 (36.7) 13 (28.9)

Gradually attenuated pattern 2(3.3) 2(4.4)

Persistently high enhancement 18 (30.0) 10 (22.2)

LNM, lymph node metastasis; ctEMVI, CT-detected extramural venous invasion.

Data in parentheses are percentages.

node metastasis. The results of multivariate analysis revealed
that CT-detected EMVI (OR, 9.804; 95%CI, 3.076-31.246;
p<<0.001) and tumor volume (OR, 1.030; 95% CI, 1.001-1.060;
p = 0.044) were significantly correlated with lymph node metas-
tasis in gastric cancers. Among LNM-positive patients, there was
a higher incidence rate of ctEMVI-positive status (81.7%, 49/60;
p<<0.001), as well as a tendency of larger tumor size (40.77 *
31.86 ml; p<<0.001).

Tumor volume was one of the risk factors found in our study asso-
ciated with lymph node metastasis. The possibility of lymph node
metastasis increased as the tumor volume increased (OR, 1.030;

95% CI, 1.001-1.060). However, the OR value and its confidence
interval obtained in our study were both equal to or very close
to 1. This situation is probably caused by too much variation of
the tumor volume, since the increasement of tumor volume by
one unit has little effect on the outcome. Tumor volume has been
proved to be associated with lymph node metastasis in many
previous studies, and our finding was similar to those conclu-
sions. Hallinan et al'® reported that tumor volume measured
by CT could provide additional information for TNM staging
of gastric cancer. Similarly, tumor volume of esophagogastric
junction adenocarcinoma measured by CT was associated with
regional lymph node metastasis and N stage, according to Li et
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Table 4. Multivariate analysis of CT characteristics between LNM-positive and -negative gastric cancers

Characteristics Odds ratio 95% Confidence Interval p-value
ctEMVI status

Negative

Positive 9.804 3.076-31.246 <<0.001
ctN status

Negative

Positive 1.931 0.609-6.122 0.264
Tumor volume 1.030 1.001-1.060 0.044
Tumor margin

Well-defined margin

Poorly-defined margin 0.616 0.187-2.023 0.424
Degree of enhancement

Arterial phase 0.329
Low (reference)

Moderate 1.008 0.157-6.476 0.993
High 2.834 0.345-23.268 0.332
Venous phase 0.513
Low (reference)

Moderate 1.270 0.202-7.993 0.799
High 0.521 0.053-5.158 0.577

LNM, lymph node metastasis; ctEMVI, CT-detected extramural venous invasion.

al." In a study by Wang et al,'® post-chemotherapy measure-
ment of tumor volume among patients with gastric cancer was
of potential value for predicting NO stage, with a sensitivity and
specificity of 92.31 and 58.62%, respectively. However, in Cheng’s
study,'® univariate and multivariate analyses showed that the
tumor size was not a risk factor for reduced 3 year progression-
free survival. This is probably because they only measured the
longest diameter of the tumor region instead of whole-tumor
volume. Considering that invasive gastric cancer always pres-
ents as a tumor peripherally involving the gastric wall, leading
to a difficulty of measuring the longest diameter. Therefore, the
maximum tumor diameter on axial images may be incapable of
reflecting the growth situation of the whole tumor.

CT-detected EMVI was another independent risk factor for
lymph node metastasis. Previous study demonstrated that EMVI
usually coexisted with the invasion of perigastric nerves and
lymphatic vessels, which was considered to be a pattern of tumor
spreading along the neurovascular bundles.” Pathologic findings
demonstrated that EMVI was more likely to occur in patients

with lymph node metastasis.'” Thus, detection of ctEMVI in
gastric cancer may indicate that the occurrence of lymph node
metastasis has already existed. Our study proved that ctEMVI
has a close relationship with the metastases in lymph nodes. A
ctEMVI-positive patient had a much higher possibility to develop
lymph node metastasis than a ctEMVI-negative patient (OR,
9.804; 95% CI, 3.076-31.246). Similarly, Cheng et al® reported a
significant difference in the incidence of synchronous metastases
in T4a gastric cancer between the ctEMVI-positive group and
-negative group (40.3% vs 21.3%, respectively).

Despite of that ctN status presented a significant difference in the
chi-square test, it was not recognized as a risk factor for lymph
node metastasis in multivariate analysis. Conventional preoper-
ative assessment of N status by CT usually obtained an unsat-
isfactory accuracy at about 60%.'® Due to the detection of ctN
largely depends on node size, non-enlarged tumor-harboring
lymph nodes and enlarged inflammatory nodes might impair
the diagnostic performance.'”? In our study, ctEMVI signs
on pre-operative CT images performed comprehensively better

Table 5. Diagnostic efficiency of ctEMVI vs ctN for lymph node metastasis

Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
CtN status 70.0 71.1 70.5 76.4 64.0
ctEMVI status 81.7 73.3 78.1 80.3 75.0

ctEMVI, CT-detected extramural venous invasion.
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Figure 3. (a) Kaplan-Meier curve showing disease progression-free survival according to baseline CT-detected EMVI status (Log-
rank test, p = 0.007). (b) Kaplan-Meier curve showing disease progression-free survival according to baseline CT-defined N status
(Log-rank test, p = 0.125). EMVI, CT-detected extramural venous invasion.
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diagnostic efficiency than that of ctN. These results indicated that
ctEMVT has a great predictive capability for lymph node metas-
tasis in gastric cancer.

With regard to progression-free survival rates, Kaplan-Meier
curves showed that ctEM VI was also associate with the prognosis
of gastric cancer. Patients with positive EMVT status on baseline
CT images tended to develop distant metastasis or local recur-
rence in early period after surgery. In contrast, ctN status didn’t
present a statistical significance in survival outcomes between
subgroups. Other studies have also explored the prognostic value
of ctEMVI for predicting 1 year-PFS and 2 year-PFS of gastric
cancer patient, proving that ctEMVI was a relevant factor.*"*?
According to some pathological studies, tumor cells could embo-
lize via the portal circulation when perigastric vessels invasion
was present, leading to distant metastasis through hematogenous
spread.” Therefore, ctEMVIpotentially has the ability to serve as
a prognostic factor in gastric cancer, similar to the application of
EMVI detected by MRI in rectal cancer.

A consensus that an accurate risk stratification before surgery
and neoadjuvant chemotherapy, as well as the development of an
individualized treatment plan, has been broadly reached, with
the purpose of improving RO resection rate and prolonging the
overall survival. It is of great importance to pre-operatively iden-
tify lymph node metastasis among patients with gastric cancer,
especially when the lymph nodes involve beyond the intended
resection extension.'” Accurate diagnoses of lymph nodes
metastases can lead to a focused extended lymphadenectomy.**

0 100 200 300 400 500
Time (day)

In addition, for patient with resectable gastric cancer, if lymph
node metastasis is found by pathological examination, then a
following post-operative chemotherapy should be performed.
Therefore, a new marker like ctEMVI is of great value for
improving the accuracy of identifying lymph node metastasis
and distant metastasis in pre-operative examinations, as well as
stratifying patient with high risk who may need a more aggres-
sive treatment plan.

We should address some limitations of this study. Firstly,
our study was performed retrospectively, and the number of
patients involved in this study was relatively small. Besides, we
included both early and advanced gastric cancer, which might
introduce some confounding factors. Secondly, the record of
tumor volume was measured by manually tracing the tumor
boundaries, which might affect the accuracy of tumor volume
calculation, especially for small tumors. Thirdly, the evaluation
of enhancement in different phases might be subjective since we
didn’t take a quantitative approach. Fourthly, due to the rela-
tively short follow-up period, the survival information of some
patients is incomplete.

In summary, pre-operative evaluation of EMVI on CT images
showed great capability of indicating lymph node metastasis
in patients with gastric cancer. Furthermore, ctEMVI was also
correlated with the disease progression-free survival rates of
gastric cancer patients. CT-detected EMVT is a potentially useful
imaging marker for predicting lymph node metastasis and poor
prognosis in gastric cancer.
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