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Background: The correlation between the preoperative lymph node count (LNC) on multidetector computed tomography (MDCT)
and the prognosis of gastric carcinoma (GC) remains to be defined. This research aims to evaluate the prognostic value of LNC on
MDCT in GC patients based on tumor-node-metastasis (TNM) staging, using different size criteria for counting.

Methods: The clinical data of 126 patients with gastric adenocarcinoma undergoing gastrectomy were retrospectively analyzed.
Lymph nodes greater than 8mm and Smm on MDCT were counted and recorded. The prognostic implications of LNC on MDCT for
patient survival were analyzed according to different size criteria for counting and tumor TNM staging.

Results: When 8mm was used as the counting criterion, LNC on MDCT had no significant effect on the overall survival (OS) of the entire
cohort. In addition, the OS of T1-T2 GC patients with LNC on MDCT >1 was significantly worse than that of patients with LNC on MDCT <1.
When Smm was used as the counting criterion, LNC on MDCT was found to be significantly associated with the OS of the entire cohort. In the
subgroup analysis, patients with relatively advanced (T3-T4, N+ and III) GC with LNC on MDCT >7 showed a significantly worse OS than
those with LNC on MDCT <7. LNC on MDCT >7 with 5Smm as the counting criterion and Stage I1I were independent risk factors for adverse
prognosis.

Conclusion: The prognostic value of LNC on MDCT based on different size criteria varies in patients with different stages of GC.
LNC of a smaller size (Smm) on MDCT may be a prognostic factor for patients with relatively advanced GC.
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Introduction
Gastric carcinoma (GC) is a serious global public-health challenge, with statistics indicating 1.09 million new cases of
GC and 770,000 associated deaths worldwide.! GC is asymptomatic in the early stage, but lymph node metastasis
(LNM), one of the most common clinical manifestations of GC, is usually present when the patient is diagnosed.*
Therefore, lymph node (LN) status is closely associated with the prognosis of GC patients.*> The 5-year postoperative
survival rate of patients with NO GC is 72.5%, while it decreases significantly in those with N1 (57.0%), N2 (41.6%) and
N3 (23.3%) GC.° Thus, assessing the LN status perioperatively can help determine the optimal therapeutic regimen.”’"*
At present, a variety of imaging modalities, such as endoscopic ultrasonography (US), superparamagnetic iron oxide-
enhanced magnetic resonance imaging (SPIO-MRI), multidetector computed tomography (MDCT), and positron emission
tomography (PET), are used to assess LN status.” "' Among them, MDCT has been extensively applied for the assessment of
LN status such as LN involvement and count in GC patients in virtue of convenience and efficiency. A short axis diameter
greater than 8mm is the most common criterion for CT diagnosis of specific metastatic LNs.'''* However, this size-dependent
criterion has its inherent limitations. Since normal-size LNs may present microscopic tumor involvement, the size of
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Figure | CT and pathological images of regional lymph nodes. (A) A transverse CT image of a 59-year-old woman shows a lymph node in the subpyloric region. (B)
A pathological image of lymph node (HE staining, X200) shows the presence of poorly differentiated adenocarcinoma cells with pleomorphism. (C) A transverse CT image of
a 58-year-old man shows lymph nodes in the lesser curvature region. (D) A pathological image of lymph node (HE staining, X200) shows the presence of poorly
differentiated adenocarcinoma cells with pleomorphism. Figure Arrows indicate lymph nodes.

metastatic LNSs is not always greater than the size defined by the MDCT lower limit. As a result, MDCT detected significantly
fewer metastatic LNs than histologic examination, which may lead to an underestimation of N staging.'*'*

Recently, multirow-detector CT and CT cine viewing have made it possible to find smaller LNs."> Lymph node count
(LNC) on MDCT is an easily determined parameter that is more accurate than nodal metastasis assessment.'® Previous studies
have indicated that independent of LN involvement, the number of LNs removed during gastrectomy is related to the
prognosis of GC patients,'”'® which led us to speculate that LNC on MDCT could provide important information about patient
survival regardless of LNM. Several reports demonstrated that the greater the number of LNs on MDCT, the worse the
prognosis of esophageal and rectal cancers.'>'® Therefore, LNC on MDCT may be a prognostic factor in GC patients.

LNC on MDCT differs according to the size criterion used for counting. The novelty of this study lies in its attempt to
clarify whether LNC on MDCT is predictive of overall survival (OS) in patients with GC based on tumor-node-metastasis
(TNM) staging, using different size criteria for counting, which may provide new options and insights into prognosis
prediction of GC patients with different stages. We hereby present the following article following the guidelines laid down in

the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting checklist.
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Table 1 Demographics, Clinicopathological Features of Patients with Gastric Carcinoma and Comparison of the Subgroups

Variable All Patients 8mm as Counting P 5mm as Counting P
(n=126) Criterion on MDCT Criterion on MDCT

LNC <I LNC >I LNC <7 LNC >7

(n=84) (n=42) (n=106) (n=20)
Age, y, mean (SD) 61.2(9.8) 60.7(10.3) 62.3(8.7) 0.406 60.9(10.0) 63.1(8.7) 0.365
Male sex, n (%) 99(78.6) 68(81.0) 31(73.8) 0.366 85(80.2) 14(70.0) 0.308
Tumor location, upper third, n (%) 70(55.6) 47(56.0) 23(54.8) 1.000 58(54.7) 12(60.0) 0.663
Total gastrectomy, n (%) 53(42.1) 32(38.1) 21(50.0) 0.251 43(40.6) 10(50.0) 0.433
Poor differentiation, n (%) 81(64.3) 53(63.1) 28(66.7) 0.844 65(61.3) 16(80.0) 0.110
T3 or T4, n (%) 102(81.0) 63(75.0) 39(92.9) 0.017 83(78.3) 19(95.0) 0.081
N+, n (%) 90(71.4) 52(61.9) 38(90.5) 0.001 73(68.9) 17(85.0) 0.143
TNM stage, lll, n (%) 77(61.1) 41(48.8) 36(85.7) <0.001 61(57.6) 16(80.0) 0.059
Chemotherapy, n (%) 76(60.3) 43(51.2) 33(78.6) 0.003 61(57.6) 15(75.0) 0.143

Note: Bold indicates a statistical difference.
Abbreviation: LNC, lymph node count.

Materials and Methods

Participants

This study enrolled 126 patients who underwent surgical resection for gastric adenocarcinoma at Shanxi Provincial People’s
Hospital between December 2013 and November 2016. Patients were excluded if the interval between MDCT examination and
surgery was more than one month, or if they received neoadjuvant chemotherapy or palliative care. All the 126 patients underwent
curative gastrectomy with D1+ or D2 lymphadenectomy. Of the 126 patients, 76 patients (60.3%) received postoperative
chemotherapy. Pathological staging was evaluated based on the American Joint Committee on Cancer (AJCC) TNM classifica-
tion, 8th edition.'® Tumor sites were defined as either upper-, middle-, or lower-third of the stomach, and tumors were classified as
well, moderately, and poorly differentiated types. Patient demographics, clinicopathological features and OS were analyzed. All
patients received postoperative follow-up (mean: 45 months), which was conducted once every 3 months mainly through
telephone interviews, medical record inquiries, and visits. The time from pretreatment MDCT examination to death from GC
or the last follow-up was calculated as patient survival time.?’ This is a retrospective study, which has been approved by the
Institutional Review Board of the Shanxi Provincial People’s Hospital and was conducted in strict accordance with the
Declaration of Helsinki. All patient data were kept confidential. Due to the retrospective nature, the need for informed consent

of patients was waived.

Table 2 LNC in Patients with Gastric Carcinoma

Variable All Patients 8mm as Counting P 5mm as Counting P
(n=126) Criterion on MDCT Criterion on MDCT

LNC <I LNC >I LNC <7 LNC >7

(n=84) (n=42) (n=106) (n=20)
Count of harvested lymph nodes 25(20-33) 24(19-33) 26(21-31) 0.778 24(19-33) 29(24-39) 0.015
(median, IQR)
Count of positive lymph nodes 4(0-9) 2(0-8) 5(3-13) <0.001 3(0-7) 13(2-19) <0.001
(median, IQR)

Note: Bold indicates a statistical difference.
Abbreviation: LNC, lymph node count.
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MDCT Protocol

After overnight fasting, all patients underwent relevant examinations using Siemens Somatom Sensation 64-MDCT scanner
(Erlangen, Germany) and 256-MDCT scanner (Philips Brilliance iCT, Philips, Cleveland, USA). Before scanning, 800—1000mL
water was administered orally. First, pre-contrast imaging was performed on patients in a supine position. Then, 100mL iohexol
(Omnipaque, 350, GE Healthcare), a non-ionic iodinated contrast medium, was administered through the antecubital vein at
a flow rate of 3 mL/s using a pump injector (MEDRAD-Stellant, MEDRAD Company, Germany). Images were acquired 30, 75,
and 180 seconds after contrast medium injection, corresponding to the arterial, portal-venous and equilibrium phase, respectively.
The scanning range was from the diaphragm dome to the bilateral anterior superior iliac spine. Scanning parameters: tube voltage,
120 kV; rotation time, 0.5 s; current: automatically determined by the CT automatic exposure control system (Siemens Somatom
Sensation 64-MDCT) or 300 mA (Philips Brilliance 256-MDCT); slice thickness for axial image reconstruction: 1.5 mm.

Imaging Analysis

LNs were evaluated using the axial CT images acquired during the venous phase, with a window level and width of 60 and 300,
respectively. The location and maximum short-axial diameter of the regional LNs were determined by consensus of two
radiologists. Nodes at No. 1-12 stations on MDCT were counted and recorded by referring to the Japanese Gastric Cancer
Association (JGCA), with a counting criterion of greater than 8mm and 5Smm, respectively, regardless of contrast uptake
(Figure 1). Diameters <Smm were rounded to Omm in the current study. The reasons are as follows: 1. LNs smaller than 5Smm can
be easily misdiagnosed as vessels and other organs. 2. The larger the LN, the less the contrast loss.?! 3. A maximum short axis
diameter greater than 8mm is the most commonly used CT criterion for the diagnosis of specific metastatic LNs.'"'? Both
radiologists were blinded to the histopathological results.

Clinicopathological Data
We divided patients with different LNC on MDCT into two groups, based on the cut-off of LNC on MDCT determined
by the X-tile program (http://www.tissuearray.org/rimmlab/) — a bio-informatics tool for outcome-based cut-point

optimization.”> ?* Then, LNC on MDCT was converted from a continuous variable into a categorical variable in order
to assess its effect on patient survival.

Statistical Analysis

Categorical variables were presented as absolute counts (percentages), and the differences were assessed using the Fisher
exact test or chi-square test. Patient age was described as means (standard deviation, SD) and analyzed using the
independent #-test. The number of LNs, represented by median and interquartile range (IQR), was compared using the
Mann—Whitney’s U-test. Univariate and multivariate survival analyses were performed using the Kaplan—-Meier method
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Figure 2 Overall survival of gastric carcinoma patients according to LNC on MDCT when 8mm was used as the counting criterion.
Abbreviation: LNC, lymph node count.
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and Cox proportional hazards model, respectively, while the Log rank test was used for comparison. Significance was

assumed at a two-sided p<0.05. SPSS v18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

Results

With 8mm as the counting criterion, the cut-off value of LNC on MDCT for grouping GC patients by the X-tile program
was identified to be 1. Among the 126 patients enrolled, 84 patients (66.7%) had LNC on MDCT < 1, and 42 patients
(33.3%) had LNC on MDCT > 1. When 5mm was used as the counting criterion, the cut-off value of LNC on MDCT for
grouping GC patients was determined as 7. Among the 126 patients with GC, 106 patients (84.1%) had LNC on MDCT
<7, and 20 patients (15.9%) had LNC on MDCT > 7. Patient demographics, clinicopathological features and comparison

between subgroups are shown in Tables 1-2. There were no differences between subgroups in demographics, tumor

locations, tumor differentiation, and type of operation. There were more histologically positive LNs in patients with LNC

on MDCT > 1 (8mm as the counting criterion) or LNC on MDCT > 7 (Smm as the counting criterion).
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Figure 3 Overall survival of gastric carcinoma patients according to LNC on MDCT when 8mm was used as the counting criterion based on T staging, N staging, as well as
TNM staging. (A) T1 to T2 patients, (B) T3 to T4 patients, (C) NO patients, (D) N+ patients, (E) stage | to Il patients, (F) stage Il patients.
Abbreviations: LNC, lymph node count; TNM, tumor-node-metastasis.
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With 8mm was the counting criterion, LNC on MDCT had no significant effect on the OS of all the enrolled GC
patients (p=0.079) (Figure 2). In a further subgroup analysis stratified by T staging, the OS of T1-T2 GC patients with
LNC on MDCT > 1 was significantly worse than that of those with LNC on MDCT < 1 (p=0.002). However, LNC on
MDCT showed no significant effect on the OS of patients with stage T3—T4 GC (p=0.662). In a subgroup analysis based
on N staging, LNC on MDCT had no impact on the OS of NO or N+ GC patients (NO, p=0.412; N+, p=0.567). Similarly,
LNC on MDCT had no impact on the OS of stage I-II or III GC patients in a subgroup analysis based on TNM staging
(stage I-11, p=0.922; stage III, p=0.692) (Figure 3).

When Smm was used as the counting criterion, patients with LNC on MDCT > 7 had a significantly worse OS than
those with LNC on MDCT < 7 (p=0.005) (Figure 4). In a further subgroup analysis stratified by T staging, LNC on
MDCT was found to have no impact on the OS of patients with stage T1-T2 GC (p=0.693). However, the OS of T3-T4
patients with LNC on MDCT > 7 was significantly worse than that of patients with LNC on MDCT < 7 (p=0.019). In
subgroup analysis based on N staging, LNC on MDCT exerted little impact on the OS of NO GC patients (p=0.258).
However, N+ patients with LNC on MDCT > 7 had a significantly worse OS than those with LNC on MDCT < 7
(»=0.042). In a subgroup analysis based on TNM staging, LNC on MDCT had no impact on the OS of stage I-II GC
patients (p=0.511). However, the OS of stage III patients with LNC on MDCT > 7 was significantly worse compared
with those with LNC on MDCT < 7 (p=0.048) (Figure 5).

A univariate analysis revealed that LNC on MDCT with 5Smm as the counting criterion, TNM stage, tumor
differentiation, and type of operation were associated with the OS of patients. The Cox proportional hazards model
demonstrated that LNC on MDCT > 7 with Smm was the counting criterion (HR = 2.153, p=0.019) and stage III (HR =
5.056, p<0.001) were independently associated with unfavorable prognosis (Table 3).

Discussion

This paper demonstrated that according to different size criteria for counting, LNC on MDCT had different effects on the
prognosis of GC patients with different TNM stages. When 8mm was used as the counting criterion, LNC on MDCT had
no impact on GC patients’ OS. Among the entire cohort of 126 GC patients, the LNs that were greater than 8mm were
not detected by MDCT in 84 patients (66.7%). Moreover, among the 90 GC patients who had metastatic LNs, LNs that
were greater than 8mm were undetected by MDCT in 52 patients (57.8%). Although there are varying LN size criteria for
diagnosing metastatic LNs, a maximum short axis diameter greater than 8mm is the most commonly used CT
criterion.'"'* Kawaguchi et al reported that MDCT detected significantly fewer metastatic LNs than histologic examina-
tion, which may lead to an underestimation of N staging.'*"'* Indeed, one patient of our study cohort had 49 metastatic
nodes, but CT failed to detect any nodes greater than 8mm. The inconsistency between CT findings and histologic
examination may explain why LNC on MDCT has no effect on the OS of patients with GC.
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Figure 4 Overall survival of gastric carcinoma patients according to LNC on MDCT when 5mm was used as the counting criterion.
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Figure 5 Overall survival of gastric carcinoma patients according to LNC on MDCT when 5mm was used as the counting criterion based on T staging, N staging, as well as
TNM staging. (A) T1 to T2 patients, (B) T3 to T4 patients, (C) NO patients, (D) N+ patients, (E) stage | to Il patients, (F) stage Il patients.
Abbreviations: LNC, lymph node count; TNM, tumor-node-metastasis.

In the subgroup analysis based on TNM staging, T1-T2 GC patients with LNC on MDCT > 1 had a significantly
worse OS than those with LNC on MDCT < 1. However, LNC on MDCT showed no significant effect on the OS of GC
patients in other subgroups. Previous studies have shown a clear association between LN size and metastasis.'**> In our
study, LNM was confirmed in all the three cases with T2 GC and LNC on MDCT > 1, two of which had more than 10
metastatic LNs. Therefore, radiologists should bear in mind that there may be extensive LNM in relatively early-stage
GC patients with LNs greater than 8mm on MDCT.

However, with Smm as the counting criterion, LNC on MDCT was identified to be an independent risk factor
associated with the survival of GC patients. LNs greater than Smm were detected in 119 of all the 126 cases (94.5%)
enrolled and 87 of 90 cases (96.7%) who had metastatic nodes. Yan et al reported that, in fact, nodal size criteria are
inversely proportional to the sensitivity of nodal involvement,* which indicates that there may be more metastatic nodes
detected with Smm than with 8mm as the counting criterion. Noda et al recommended all LNs >5mm in size should be
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Table 3 The Univariate and Multivariate Analysis of Overall Survival in Patients with Gastric

Carcinoma
Variables Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) p

Age (years)

265 vs.<65 0.900 (0.522-1.551) 0.705 0.835 (0.476—1.466) 0.531
Gender

Male vs Female 1.054 (0.557-1.993) 0.872 1.377 (0.715-2.653) 0.338
Tumor location

Uvs ML 0.924 (0.548-1.557) 0.765 1.062 (0.624—1.808) 0.824
Type of operation

Total vs partial gastrectomy 1.861 (1.105-3.135) 0.019 1.573 (0.916-2.702) 0.101
Tumor differentiation

Poor vs well or moderate 2.753 (1.453-5.213) 0.002 1.313 (0.647-2.663) 0.451
TNM stage

s -1 5.821 (2.751-12.317) | <0.001 | 5.056 (2.184-11.703) | <0.001
Chemotherapy

Yes vs no 1.412 (0.784-2.136) 0.356 1.329 (0.698-2.817) 0.426
LNC on MDCT (8mm as criterion)

2| vs <| 1.480 (0.873-2.509) 0.145 0.747 (0.422-1.321) 0.316
LNC on MDCT (5mm as criterion)

>7 vs <7 2.509 (1.366—4.609) 0.003 2.153 (1.133-4.094) 0.019

Note: Bold indicates a statistical difference.
Abbreviations: HR, Hazard ratio; 95% Cl, 95% confidence interval; U, upper third; ML, middle third and lower third; LNC, lymph
node count.

examined histologically to avoid downstaging.?’ In addition, patients with LNC on MDCT > 7 were found to have
a significantly worse OS than those with LNC on MDCT < 7. Cox regression analysis demonstrated that LNC on MDCT
> 7 was an independent risk factor affecting the survival of patients with GC. Similar results were obtained by Chi et al
when they evaluated the prognostic value of LNC on MDCT in patients with rectal cancer. Most normal LNs are not
detectable because of partial volume effects or lower attenuation. In contrast, LNs are easily detected by MDCT when
they become greater in size or higher in density as a result of inflammation or metastasis. Thus, LNC on MDCT is an
indirect measure of tumor invasiveness.'> Indeed, we found that patients with LNC on MDCT > 7 had more LNs
harvested and histologically-positive. Therefore, overall, LNC on MDCT is of predictive value for the OS of GC patients,
when Smm was used as the counting criterion.

In the subgroup analysis based on TNM staging, LNC on MDCT showed no significant prognostic effect on patients
with relatively early stage (stage T1- T2, NO, and I-1I) GC. However, for patients with relatively advanced (T3-T4, N+,
and IIT) GC, those with LNC on MDCT > 7 had a significantly worse OS compared with those with LNC on MDCT < 7.
One possible explanation is that lymphadenectomy may be closer to a radical cure for those with relatively early stage of
GC, irrespective of LNC on MDCT. On the contrary, LNs are prone to metastasize in advanced GC.***’ LNC on MDCT
> 7 may indicate extensive LNM or more occult metastasis. Therefore, removal of all macroscopic and microscopic
lesions is far from sufficient for patients with relatively advanced GC. Another possibility is that the incidence of LNC on
MDCT > 7 was low in patients with relatively early-stage GC. In this study, LNC on MDCT > 7 was detected in 1 of 24
T1-T2 GC patients (4.2%), 3 of 36 N- GC patients (8.3%), and 4 of 49 I-II GC patients (8.2%). The absence of
significant difference in OS between subgroups may be due to the limited number of cases included, which means that
a large cohort study is needed for further investigation. Based on our results, advanced (T3-T4, N+, and I1I) GC patients
with LNC on MDCT > 7 had a significantly worse OS. We recommend that LNC on MDCT of a smaller size (Smm) be
used as a counting criterion to assess the prognosis of patients with relatively advanced stages of GC.
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This study still shows some room for improvement. First, not all visible LNs, such as those less than Smm, were counted.
This is because our study design is based on the accuracy of LNC and clinical feasibility. Nonetheless, the results obtained in
this research might be sufficient to validate the prognostic significance of LNC on MDCT in GC patients. Second, the design
of a single-center retrospective study will inevitably lead to some biases, which warrants a large cohort multicenter study to
validate our conclusions. Third, we did not use 3mm as the counting criterion to evaluate the prognosis of GC patients. If the
analysis from this perspective can be supplemented, the prognostic efficacy of metastatic LNs detected by MDCT for GC
prognosis prediction can be further improved. Fourth, our study was based solely on morphology. Radiomics has broad
application prospects in predicting the prognosis of diseases, so building radiomics signature-based nomograms to better
predict the prognosis of GC is also one of the directions of our follow-up research.

In conclusion, the prognostic value of LNC on MDCT based on different size criteria varies in patients with GC
according to tumor stages. LNC on MDCT with a smaller size (Smm) as the counting criterion may be a prognostic factor
for patients with relatively advanced stages of GC.
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