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Background: Endoscopic ultrasonography (EUS) is widely used as a staging modality for
gastric cancer. However, the results of studies on the use of EUS for N staging in gastric
cancer vary. This study aimed at studying the overall diagnostic accuracy of EUS for N
staging of gastric cancer.

Methods: Published studies were identified through searching the MEDLINE, Web of
Science, EMBASE, SpringerLink and ScienceDirect databases. A bivariate random effect
model was used to estimate the sensitivity, specificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), and diagnostic odds ratio (DOR). A hierarchical summary
receiver operating characteristic curves (HSROC) based on the pooled data was also
computed.

Results: Fifty studies (5223 patients) were included in this analysis. The pooled sensitivity,
specificity, PLR, NLR and DOR of EUS for N staging were 0.82 (95% CI 0.78 to 0.85), 0.68
(0.63 to 0.73), 2.6 (2.2 to 3.0), 0.27 (0.22 to 0.32), and 10 (8 to 12), respectively. The area
under the HSROC was 0.83.

Conclusion: The EUS may provide a clinically useful tool to guide physicians in the N
staging of gastric cancer. However, physicians must note that the EUS has a relatively low
specificity.
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Introduction

Gastric cancer remains the second leading cause of cancer deaths worldwide.' The
treatment of gastric cancer patients depends on the exact assessment of gastric
staging. The prognosis of patients with gastric cancer is also determined by the
progress of the tumor, including lymph node metastasis and tumor invasion outside

the stomach wall.>?

More accurate staging methods are required to achieve the
most effective treatment, thus leading to longer survival and better quality of life.

Preoperative understanding of clinical staging in gastric cancer is very useful in
providing the best treatment for patients: for example, neoadjuvant (preoperative)
chemotherapy can be used to treat AGC (i.e., tumors with lymph node metastases
(N+)).** In addition, early gastric cancer without lymph node metastasis (T1
tumors) (NO) can be resected through endoscopic without surgery.®’ However,
patients with gastric cancer with lymph node metastasis may have a lower survival
rate and a higher risk of recurrence if they are treated through surgery alone. Thus,

lymph node status is important in guiding treatment and predictive outcomes.
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Several tools to diagnose lymph node metastasis of
gastric cancer are available, such as multi-detector com-
puted tomography (MDCT), positron emission tomogra-
phy/computed tomography (PET/CT), magnetic resonance
imaging (MRI), and endoscopic ultrasonography (EUS).®
MDCT is most widely used to assess lymph node staging
of gastric cancer patients, mainly on the basis of lymph
node size,”'® but the limited sensitivity of MDCT results
in false-negative findings.”'' The overall accuracy and
sensitivity of MDCT for N staging were about 63.8—
64%, 43.3-55%.'*"* Diffusion-weighted imaging (DWI)
and 18 F-Fluorodeoxyglucose PET/CT (18 F-FDG PET/
CT) are relatively new imaging techniques used for pre-
operative staging of numerous cancers and both achieved a
higher sensitivity and specificity than MDCT.'* Despite
the continuous improvement of imaging technology, the
accuracy of N staging of gastric cancer is still very low."”

EUS in the staging of gastric cancer was first intro-
duced in clinical practice in the 1980s, and it has been
slow to accept as an important part of gastric cancer
staging assessment. EUS can assess the depth of tumor
invasion and whether the lymph nodes are involved. But
its shortcomings include a high degree of reliance on the
operator, the need for very professional technical skills,
the inability to detect plane or fix lesions, and the inability
to assess long-distance transfers.'®!”

EUS was useful in assessing gastric cancer T staging.
Previous studies have found that the EUS diagnostic accu-
racy for T staging ranges from 43% to 88%.'® %> However,
the conclusions in studies on the accuracy of EUS in
detecting lymph node metastasis of gastric cancer vary.
Our study was conducted to review and perform a meta-
analysis regarding the use of EUS in assessing the diag-
nostic accuracy of gastric cancer lymph node metastasis
(N stage).

Materials And Methods
Study Selection Criteria

Only gastric cancer cases confirmed by surgery preceded
by EUS were included. For lymph node status (N stage), if
there was no lymph node metastasis (NO) according to
pathology, the patient was considered negative, whereas
if one or more lymph nodes were metastatic (N+), the
patient was considered positive. The EUS criteria used
for the nodal invasion were lymph node morphology and
size. Only studies containing a 2 x 2 table that could be
extracted or calculated from for true-negative (TN), false-

negative (FN), true-positive (TP), and false-positive (FP)
results were included. All selected studies were previously
published; thus, no ethical approval or patient consent was
required.

Studies were excluded for the following reasons: i) the
prognostic information for lymph node status was not
reported in the studies; ii) the TN, FN, TP, and FP results
could not be calculated considering the originally pub-
lished data or could not get by email with corresponding
author; and iii) especially, studies in which patients
received neoadjuvant therapy were excluded because
they might have biased the results through “downstaging”
regression of lymph nodes.

Data Sources And Searches

A comprehensive electronic search of the MEDLINE, Web
of Science, EMBASE, SpringerLink, and ScienceDirect
databases was performed by two investigators to identify
relevant articles published before April 2019 by two inves-
tigators. The search keywords used included: EUS, endo-
scopic ultrasound, ultrasound, gastric cancer, stomach
neoplasm, tumor staging, staging, lymph nodes, metasta-
sis, sensitivity, specificity, positive predictive value, and
negative predictive value.

The species was defined as “human.” We did not limit
our search to publications from certain countries, but only
articles published in English were identified. To retrieve
additional publications, we manually searched reference
lists from the included articles and relevant systematic
and narrative reviews on the topic. We imported all cita-
tions identified in the databases above into a bibliographic
database (EndNote, version X7, Thomson Reuters).

Data Extraction And Quality Assessment
To obtain 2 x 2 contingency tables from the included
studies, TN, FN, TP, and FP results were extracted or
calculated. The two authors independently searched and
extracted the data. Any differences were resolved through
mutual agreement.

Quality assessment of the included studies was per-
formed by two independent reviewers using the recently
developed version 2 of the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool for diag-
nostic accuracy studies.”” Data extraction and quality
assessment were performed by the same two researchers
independently, and a consensus was reached when dis-
agreements arose.
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Data Synthesis And Analysis

Stata, version 12.0 (Stata Corp., College Station, TX,
USA) with the “midas” and “metandi” commands was
used.”* We performed meta-analysis with the bivariate
random effects model to calculate the sensitivity and spe-
cificity of the combined diagnostic odds ratio (DOR) and
EUS performance from diagnostic test data. In addition,
hierarchical summary receiver operating characteristic
(HSROC) curves based on the pooled data were computed
for EUS performance and the area-under-the-curve (AUC)
index for each technique. Then, we determined whether
the differences in all indicators (sensitivity, specificity, and
DOR) between different modalities were statistically sig-
nificant by using the Z test. All p values presented are two-
sided, and the results were considered significant only if
the p value was less than or equal to 0.05.

A “shoulder-arm” shape in the ROC plane can suggest
a threshold effect. The Q statistic of the chi-square test and
the inconsistency index (I*) were used to estimate the
heterogeneity between included studies, and p <0.1 or I?
>50% indicated heterogeneity.”

We expected to find between-study variation in the
analysis results, as is common in diagnostic accuracy
studies. Subgroup analysis was used to assess the effects
of various factors on the diagnostic accuracy of EUS
and to investigate the potential sources of heterogeneity;
we additionally performed meta-regression with the
bivariate model including covariates (publication year,
country, study sample size, type of EUS array, and
stomach site).

Publication bias was assessed through an asymmetry
test and Deeks’ funnel plot in Stata.”® An inverted symme-
trical funnel plot with p >0.05 was considered to indicate
the absence of publication bias.

Results
We identified 2328 reference articles by using the search
criteria. Among these, the two authors independently
selected and reviewed 376 relevant full-text articles.
Finally, 50 studies (n=5223), which were published as
full-text articles in peer-reviewed journals, were included
in the meta-analysis.>'*"~"> The details of the included
studies are shown in Figure 1, the PRISMA checklist and
Table 1.

Figure 2 shows that QUADAS? criteria were used to
assess the quality of the eligible studies; the values ranged
from 20% to 100% high-quality studies in the four domains

of the bias part and three domains of the applicability part.
For most QUADAS?2 domains (3/4), all studies were clas-
sified as high quality.

Lymph Node Status (N-Stage)

The combined values of sensitivity, specificity, likelihood
ratio, and DOR, as well as the values for the single studies,
are displayed in Figure 3. Figure 4 shows the HSROC
curve including the summary point and its 95% confidence
and prediction intervals.

The summary sensitivity, specificity, positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), and
DOR were 0.82 (95% CI 0.78 to 0.85), 0.68 (95% CI
0.63 to 0.73), 2.6 (95% CI 2.2 to 3.0), 0.27 (95% CI
0.22 to 0.32), and 10 (95% CI 8 to 12), respectively, and
the HSROC area AUROC was 0.83 (0.79-0.86). The
summary sensitivity (but not specificity) was relatively
high, but the forest plot showed that the between-study
heterogeneity was substantial (Figure 3). The Fagan plot
(Figure 5) indicated that the previous probability of being
classified as N+ increased from 50% (average prevalence
of N+ cases) to 70% when positive, and decreased to 20%
when negative, when EUS was used, thus indicating that
EUS may be clinically informative.

The between-study heterogeneity was significant both
for sensitivity (I*: 79.35%, Q test P=0.001) and for spe-
cificity (I: 91.4%, Q test P=0.001). The proportion of
heterogeneity was substantial (47%), probably because of
the threshold effect. Subgroup and sensitivity analyses
(Table 2) showed that the publication year was related
to the heterogeneity. No evidence of notable publication
bias was found according to Deeks’ funnel plot asymme-
try test.

Discussion
This system evaluated data from many lines of research
including large series of patients (n=5223) to assess the
diagnostic performance of EUS in gastric cancer N sta-
ging. Using the statistical methods of diagnostic meta-
analysis, we quantified the existing evidence and found
that EUS might be clinically informative for gastric
cancer N staging overall. This study may provide clini-
cally useful information for physicians for making clin-
ical decisions.

This meta-analysis indicated that the sensitivity of EUS
for gastric cancer N staging was relatively high (82%).
However, the specificity of EUS in the diagnosis of N
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Figure | Flowchart illustrating the selection of studies.

staging in gastric cancer was not high (68%). Moreover,
the EUS also had a relatively high PLR (2.6) and a
relatively low NLR (0.27), thus indicating that EUS
performs well in identifying the true lymph node status
(positive) and in excluding false lymph node status (nega-
tive). In addition, EUS had a relatively high DOR (10) in
the diagnosis of N staging of gastric cancer, thus indicat-
ing that EUS performs better at diagnosing than excluding
N staging in gastric cancer. The heterogeneity between

different studies was determined with HSROC -curves.
The HSROC curves for EUS showed that the value for
the area under the curve was very close to 1 (0.83), thus
indicating that EUS is a good diagnostic test for N staging
in gastric cancers.

Our findings support the potential value of EUS in N
staging in gastric cancer. Although this method is not
the first choice, it is considered clinically useful to
guide doctors in disease staging and then choosing the
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Table 1 Main Features Of The 50 Eligible Studies (N=5223) Included Studies

ID Sample Size | Country Conformatory Test | Equipment | Frequency (MHz) | Stomach Site
Tio et al, 1986% I Netherlands Surgery Radial Unreported Any
Murata et al, 19882 146 Japan Surgery Radial 7.5-10 Any
Tio et al, 1989% 80 Netherlands | Surgery Radial 7.5-12 Any
Botet et al, 1991%° 50 United states | Surgery Radial 7.5-12 Any
Cerizzi et al, 1991 21 Italy Surgery Radial 7.5-12 Any
Caletti et al, 1993*? 35 Italy Surgery Radial 7.5-12 Any
Dittler et al, 1993* 254 Germany Surgery Radial 7.5-12 Any
Grimm et al, 1993 147 Germany Surgery Radial 75 Any
Ziegler et al, 1993 108 Germany Surgery Radial 7.5-20 Any
Francois et al, 19963 29 France Surgery Radial 7.5-12 Cardia
Massari et al,1996°7 65 Italy Surgery Radial 7.5-12 Any
Perng et al, 1996°® 76 Taiwan Surgery Radial 7.5-12 Any
Hamada et al, 1997°° 149 Japan Surgery Radial 7.5-20 Any
Akahoshi et al, 1998* 73 Japan Surgery Radial 15 Any
Hunerbein et al, 1998*' 22 Germany Surgery Radial 12.5 Any
Wang et al, 1998%? 19 Taiwan Surgery Radial 7.5-12 Any
De Manzoni et al, 1999*® | 29 Italy Surgery Radial 75 Cardia
Nakamura et al, 1999** 31 Japan Surgery NR NR Any
Mancino et al, 2000*® 79 Italy Surgery Radial 7.5-12 Any
Tseng et al, 2000* 74 Taiwan Surgery Radial 7.5-12 Any
Willis et al, 2000* 6 Germany Surgery Radial 7.5-12 Any
Chen et al, 2002 57 Taiwan Surgery Radial 7.5-20 Any
Xi et al, 2003* 32 China Surgery Radial 7.5-20 Any
Bhandari et al, 2004°° 48 Korea EMR or Surgery Radial 20 Any
Habermann et al, 2004°' 51 Germany Surgery Radial 7.5-12 Any
Javaid et al, 20042 12 India Surgery Radial 7.5 Any
Polkowski et al, 2004°3 88 Poland Surgery Radial 7.5-12 Any
Shimoyama et al, 2004>* 45 Japan Surgery Linear 75 Cardia
Lee et al, 2005°° 241 China Surgery Linear 7.5, 12 Any
Pedrazzani et al, 2005°¢ 51 Italy Surgery Linear 75 Cardia
Ang et al, 2006*” 57 Singapore Surgery Radial 7.5-12 Any
Arocena et al, 2006 17 Spain Surgery Linear 12.5 Any
Ganpathi et al, 2006>° 102 Singapore Surgery Radial 7.5-12 Any
Potrc et al, 2006%° 82 Slovenia Surgery Radial 7.5-12 Any
Tsendsuren et al, 2006°' 41 China Surgery Linear 5-7.5 Any
Barbour et al, 2007%? 206 USA Surgery Radial 7.5-12 Cardia
Bentrem et al, 2007%3 218 United States | Surgery NR 7.5-12 Any
Tan et al, 2007 63 China Surgery Radial 7.5-20 Any
Blackshaw et al, 2008%° 44 UK Surgery Radial 7.5-12 Cardia
Lok et al, 2008%° 75 Hong Kong Surgery Radial 12-20 Any
Park et al, 2008%” 40 Korea Surgery Radial 7.5—12 Any
Ahn et al, 2009%® 71 Korea Surgery Radial 5-12 Any
Hwang et al, 2010%' 277 Korea Surgery Radial 5-20 Any
Repiso et al, 2010°° 36 Spain Surgery Radial 7.5-20 Any
Bohle et al, 20117° 62 Germany Surgery Radial 20 Any
Zheng 20117 165 China Surgery Radial 7.5-12 Any
Kutup et al, 201272 123 Germany Surgery Radial 7.5-12 Any
Spolverato et al, 201573 149 USA Surgery Radial 7.5-12 Any
Giganti et al, 20167* 52 Italy Surgery Radial 5-10 Any
Serrano et al, 20167° 69 USA Surgery Radial 7.5,10 Any
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Figure 3 EUS diagnostic performance to distinguish lymph node-positive from lymph node-negative tumors: forest plot of the studies included in the meta-analysis.

most appropriate individual treatment strategy according EUS has unparalleled advantages over other alternative

to personalized medicine principles. However, physicians  options: it does not require general anesthesia or hospita-

must note that EUS has relatively low specificity in lization, and the inspection process is safe and minimally
76-79

diagnosing lymph node status (positive versus negative).  invasive, with a low incidence of complications.
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We observed considerable heterogeneity among the
study results, and we performed subgroup analysis and
meta-regression. The EUS criteria for nodal metastasis
and the technology of EUS have improved over the past
two decades. This improvement has affected the staging of
gastric cancer and has contributed to most of the hetero-
geneity. However, this change did not greatly improve N
staging, and although the pooled specificity of EUS is
high, the sensitivity is not as high. Publication bias did
not significantly affect the summary estimates, as shown in
funnel plots in this meta-analysis.

MDCT is most widely used to assess lymph node
staging in gastric cancer patients, mainly on the basis of
lymph node size, thus potentially leading to insufficient
staging when the most recent edition (7th, 2010) of the
AJCC TNM classification is used.*® When N stages are
determined through MRI examination, there are effects of
factors such as long examination times, gastrointestinal
peristalsis, and multiple breath-holding times. PET exam-
ination is insensitive to metastatic lymph nodes <5 mm,
owing to gastric physiological uptake and creep, limita-
tions of the inherent resolution, and primary tumor uptake
coverage.

Likelihood Ratio

Pre—test Probability (%)
Post—test Probability (%)

[e.e]

(=)
OO 000 ood o=
OO OO O—N W
SO O—=N W\
—bN W
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Post_Prob_Neg (%)= 21

Figure 5 EUS diagnostic performance to distinguish lymph node-positive from
lymph node-negative tumors: Fagan plot (Bayesian nomogram).

The advantage of EUS is its ability to differentiate the
layers of the gastric mucosa. Notably, the accuracy of EUS
in staging gastric cancers varies, and EUS has been reported
to understage the depth of invasion and overstage nodal
invasion because of inflammation in the lymph nodes and

extension greater than 20 mm,®'

which physicians should
mind.

There are several strengths of this review, primarily the
number of patients enrolled (n=5223). A large number of
patients enrolled ensures good representation of the results
and improves statistical performance. Moreover, we pro-
vided relatively comprehensive meta-analysis indexes to
add further information regarding clinical use, from sum-
mary diagnostic performance to Bayesian analysis includ-
ing Fagan plots and likelihood ratio matrices. There are
several limitations of this study, primarily the markedly
high heterogeneity, which may have limited the reliability
and reproducibility. Furthermore, the data available in the
literature did the challenges for the identification of possible

Cancer Management and Research 2019:11

submit your manuscript

8761

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

Table 2 Subgroup And Sensitivity Analysis For NO Versus N+ Gastric Tumors

Variable Category Studies Sensitivity (95% CI) Specificity (95% CI) P Value

Sample size >100 14 0.82 [0.76-0.88] 0.70 [0.61-0.78] 0.96
<100 36 0.82 [0.77-0.87] 0.68 [0.62-0.75]

Year of publication 2000 or later 32 0.81 [0.76-0.86] 0.66 [0.60-0.72] 0.02
Before 2000 18 0.85 [0.79-0.91] 0.74 [0.67-0.82]

Country Western 28 0.79 [0.73-0.85] 0.73 [0.67-0.79] 0.12
Eastern 22 0.85 [0.81-0.90] 0.64 [0.56-0.71]

EUS array Radial 44 0.82 [0.78-0.86] 0.70 [0.64-0.75] 0.67
Linear 6 0.84 [0.74-0.94] 0.62 [0.46-0.78]

Tumor site Cardia region 6 0.83 [0.71-0.94] 0.76 [0.63-0.88] 0.46
Any site 44 0.82 [0.78-0.86] 0.68 [0.62-0.73]

heterogeneity. Further network meta-analyses may address

some of the problems described above.
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