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Abstract
Background:Clinical discovery/staging of gastric cancer (GC) is crucial in designing the treatment strategies and largely decides
GC patients’ survival. Endoscopic ultrasonography (EUS) and computed tomography (CT) are 2 useful GC diagnosis tools. High
doses of radiation associated with CT make its use limited, while the process of EUS is stressful, time-consuming, and challenging.
Transabdominal ultrasound (TAUS) is a promising candidate to address these shortcomings. This study aimed to meta-analyze the
diagnostic accuracy and sensitivity of TAUS in discriminating between advanced and early GCs, as well as compare its utility with
other imaging techniques.
Methods: Literature searches were conducted using PubMed, Web of Science, Embase, and Cochrane Library databases up to

2019. Data were analyzed using RevMan software (Cochrane Collaboration, Oxford, UK), and pooled estimates of accuracy,
sensitivity, and other features were acquired. Seven papers were eventually selected for meta-analysis.

Results:TAUS had distinct diagnostic efficacies for early and advanced GC patients. The accuracy and sensitivity were significantly
higher in the advanced group. A high color Doppler vascularity index and a lesion larger than 1cm were 2 features of advanced GC.
Moreover, TAUS had a comparable (but slightly higher) accuracy than CT and EUS.

Conclusions:TAUS is more accurate and sensitive in diagnosing advanced GC compared to early GC. More features of advanced
GC are required to improve the recognition ability. At least, TAUS can be considered as a complementary imaging diagnostic tool to
CT and EUS.

Abbreviations: CDVI = color Doppler vascularity index, CT = computed tomography, EUS = endoscopic ultrasonography, GC =
gastric cancer, TAUS = transabdominal ultrasound.

Keywords: computed tomography, endoscopic ultrasonography, gastric cancer, preoperative diagnosis, transabdominal
ultrasound
1. Introduction

Gastric cancer (GC) is among the most malignant tumors and is
associated with a poor prognosis.[1] The outcomes of patients
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with GC are primarily determined by the lesion status, distant
metastases, and treatment time points. Timely discovery of the
existing lesions is vital for GC treatment and survival. Endoscopic
ultrasonography (EUS) and computed tomography (CT) are 2
useful tools in GC diagnosis. Especially, EUS is endorsed for GC
preoperative staging, with a referential accuracy and sensitivi-
ty.[2–4] Some scholars even consider EUS as the gold standard
technique in the loco-regional staging of gastric adenocarcino-
ma.[5] EUS provides an opportunity to achieve more insight into
the gastric tumor process’s loco-regional circumstances, bringing
about a lot of benefits in determining the gross appearance of GC
and providing a reliable assessment of the GC stage. However,
the process of EUS is time-consuming and challenging and can be
painful for GC patients. For this reason, quality control of EUS is
needed, and efforts should be made to improve the compliance of
patients.[6] Besides the inaccessibility in many clinical practices,
publishedmeta-analyses suggest that EUS performance cannot be
considered optimal either for GC confirmation or for exclusion,
especially for its ability to distinguish T stages and lymph node
status.[7] CT is currently the most frequently used radiological
tool for preoperative GC staging.[8] However, CT accuracy is
high mainly in distant metastasis but relatively low for loco-
regional staging.[9–12] A limited proportion of GC patients
carrying locally advanced lesions can be identified preoperatively
and benefit from this technique. This inadequacy can be
addressed by EUS, which is considered accurate in the loco-
regional staging. Moreover, CT induces radiation, which
constrains its application. Additionally, for both CT and EUS,
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Figure 1. The study flow diagram of data search, inclusion, and exclusion.
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the performance of accuracy and sensitivity are still to be
enhanced. Some articles have compared the results of these 2
modalities. For example, it is believed that EUS provides superior
overall accuracy of T staging than CT. Still, the overall
performance of EUS for N staging is inferior compared to CT
(but no significant differences).[5] Together, EUS and CT have
their specific disadvantages. Thereby, preoperative EUS and CT
can be regarded as mutually complementary tools in preoperative
gross classification.[5,13]

Based on current EUS and CT approaches, an ideal
improvement is that: a non-invasive technique should be; non-
radiative; convenient; and with performance not inferior to EUS
and CT (or even superior). Based on these requirements,
transabdominal ultrasound (TAUS) becomes a promising candi-
date. TAUS is useful in ascertaining the depth of cancer
invasion.[14–16] Some studies suggest that the diagnostic value
of TAUS is comparable to or even higher than EUS.[17] TAUS
may have better performance in advanced-GC recognition
compared to the early ones. Our present study aims to meta-
analyze the diagnostic accuracy and sensitivity of TAUS in
discriminating between advanced and early GCs, as well as
comparing its usefulness with other imaging techniques.
2. Methods

2.1. Data sources

Since this study is a meta-analysis, an approval by the Ethical
Committee was not required. Under the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines, relevant
literature up to 2019 were searched in the following databases:
PubMed, Embase, Cochrane Library, and Web of Science
databases. The following phrases were used: “Transabdominal
Ultrasound” or “TAUS” and “gastric cancer” or “gastric
carcinoma.” The literature retrieval was performed by authors,
and the abstract of any potential included reference was limited to
English or Chinese. Some articles whose full texts were not
2

available inonlinedatabasesbut consideredworthanalyzingbased
on the abstracts were acquired from the corresponding authors.
2.2. Inclusion and exclusion criteria

The screening process was performed as shown in Figure 1. The
inclusion criteria were as follows: transabdominal ultrasonogra-
phy in the diagnosis of GC; the patients’ data could be divided
into 2 groups (advanced vs early according to tumor stage or
ultrasonography techniques). The exclusion criteria were as
follows: duplicate publications; not regarding the transabdominal
ultrasonography or GC; conference abstracts, case reports,
comments, reviews, or meta-analyses; non-clinical studies; insuffi-
cient data: no detailed data about our interested parameters, or no
divisible groups in comparison.
Patients from different literature were grouped into: advanced

or early as the routine clinical standard in cancer staging; TAUS
or other imaging techniques.
2.3. Index extraction

All the datawere expressed as dichotomous values, and the total cases
andeventswere extracted for eachgroup.Accuracywasdefinedas the
proportion of tumors detected/staged by TAUS and agreed with the
postoperative staging using histopathology. For accuracy compari-
son, the total cases referred toall thedetectedcases, andevents referred
to the corrected cases after histological verification. For sensitivity
comparison, the total cases indicated all the real positive cases in
histological verification, and events indicated detected ones in the
corresponding group. For other comparisons, the total cases were all
patients who had received theUS detection, and events were the cases
with features of specific indexes.
2.4. Statistical analysis

All data were analyzed with RevMan software version 5.3
(Cochrane Collaboration, Oxford, UK). Forest plots were



Table 1

Characteristics of included studies.

Author Year Country Case number

Lim et al 1994 Korea 44
Chen et al 2009 Taiwan 24
Cui et al 2010 China 59
Zheng et al 2011 China 162
Liu et al 2015 China 288
He et al 2017 China 42
Liu et al 2015 China 687
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presented after analysis, in which lines represented different
estimates and confidence intervals, and boxes represented the
weight of each study. The summary receiver operating character-
istics curve was drawn byMeta-Disc (Version 1.4, Ramón y Cajal
University Hospital). Briefly, data entry was performed based on
the accuracy results of each study, especially true positive cases,
false positive cases, false negative cases, and true negative cases.
Then using the tool of analysis/plots, the SROC curve was drawn,
as well as the AUC information. I2 test was performed to assess
the heterogeneity between studies. When the heterogeneity
between studies was P< .10 and I2>50%, it was considered
as heterogeneous between the studies. The fixed-effect model was
used when no significant heterogeneity existed; otherwise, a
random-effect model was used.
3. Results

3.1. Enrolled studies

From all databases/libraries, we initially identified 30 papers that
were potentially relevant to the search terms (PubMed: 18,
Embase: 12, Cochrane: 0, and Web of Science: 0). Next, we
removed 10 duplicate papers and 2 irrelevant papers. Further, we
identified and excluded 11 papers which included reviews,
conference abstracts, case reports, meta-analyses, and papers
lacking necessary parameters and data. Seven clinical studies
were eventually selected and used for this meta-analysis[18–24]

(Table 1).
3.2. Accuracy and sensitivity of TAUS in advanced and
early GC diagnosis

Since a limited number of studies were included, only 4 papers
were used for accuracy comparison, and 2 papers were included
for sensitivity comparison. We found TAUS had distinct
diagnostic efficacies for early and advanced GC patients. The
diagnostic accuracy odds ratio of advanced vs early was 5.74
(95% confidence interval: 4.27–7.17), and the overall pooled
accuracy was 65.4%. The advanced group’s pooled accuracy was
79.7%, and that of the early group was 38.7%. The accuracy of
TAUS was much higher for the advanced cohort compared to the
early ones (test for overall effect Z=11.61, P< .00001) (Fig. 2A).
There was significant heterogeneity across studies (Chi2=12.12,
P= .007; I2=75%). Similarly, the sensitivity was also significant-
ly higher in the advanced group (test for overall effect Z=9.53,
P< .00001). The overall sensitivity for advanced GC was 98.6%
(544/552), and that for early GC was 61.2% (114/186) (Fig. 2B).
No heterogeneity between 2 groups was observed in sensitivity
comparison (Chi2=1.52, P= .22; I2=34%). The summary
3

receiver operating characteristics curve, presented in
Figure 2C, exhibited an AU=0.937 in discrimination of early
and advanced GC. Taken together, TAUS had higher practica-
bility in advanced GC diagnosis when compared with early GC.
For those patients suspected of advanced GC (with related
symptoms), it is strongly recommendable to administer a timely
TAUS examination. Next, we proposed some features of
advanced GC based on limited papers. However, very few
studies had focused on the distinguishable parameters between
advanced and early patients; thus, only 2 studies were collected.
In a study by Chen et al[18], the color Doppler vascularity index
(CDVI) was claimed to be associated with lymph node metastasis
of GC. But no significant difference was found in high-CDVI
(≥11%) proportion between groups (Z=0.72, P= .47) (Fig. 3A).
Lim et al[21] found that the advanced group had a dramatically
higher frequency of lesions larger than 1cm (22/29 vs 1/15, Z=
3.37, P= .0007) (Fig. 3B). Collectively, TAUS was useful in
recognizing large lesions, which might imply a higher stage.

3.3. Comparison of accuracy between TAUS and other
techniques

Another study in 2017 demonstrated no significant difference in
the overall accuracy of TAUS (86%, 36/42) and transverse
contrast-enhanced CT (83%, 35/42, P> .999) (Fig. 4A).[20]

These findings suggested that TAUS could provide a satisfactory
diagnosis with an accuracy similar to the CT method. However,
in the work of Cui et al,[19] the accuracy of TAUSwas 72.9%, and
that of the contrast-enhanced ultrasonography was 88.1%
(P= .04) (Fig. 4B). Their results indicated that contrast-enhanced
ultrasonography was a more useful diagnostic tool for
preoperative T-staging of GC; however, the TAUS accuracy
was relatively lower when compared with other studies. Notably,
Zheng et al[24] had compared the accuracies of TAUS and EUS
and demonstrated a slight superiority of the TAUS method
(77.2% vs 74.7%) (Fig. 4C). In T3 stage recognition, TAUS
showed significantly higher accuracy than EUS.Moreover, lymph
nodes were staged correctly with TAUS and EUS in 78.4% and
57.4% of subjects, respectively. In summary, TAUS showed an
excellent performance in staging and GC discovery, which was
comparable or even superior to EUS and contrast-enhanced CT
methods.
Finally, due to relatively limited existing studies, it was difficult

to assess the publication bias. Therefore, the superiority of TAUS
still needs to be interpreted cautiously. Further studies to explore
the accuracy, sensitivity, and usefulness of TAUS in GC diagnosis
are urgently needed.
4. Discussion

TAUS is a powerful tool in distinguishing advanced GC from
early GC. The accurate detection and staging of GC are vital in
selecting treatment strategies and significantly impact the
prognosis of patients. Timely utilization of TAUS can identify
patients suffering from advanced GC who might essentially
benefit from non-invasive diagnostic procedures. So far, there are
no published meta-analyses assessing TAUS performance for
diagnosing or staging GC preoperatively. This paper analyzed 7
studies and revealed a significant evaluation value of TAUS for
GC patients. According to our findings, TAUS is relatively more
accurate and sensitive in diagnosing advanced GC than early GC,
owing to the higher tumor burden in patients with advanced GC.

http://www.md-journal.com


Figure 2. Cumulative meta-analysis (forest plots) of the TAUS accuracy and sensitivity between the advanced group and early group. (A) Difference in accuracy
between the advanced and early groups. (B) Difference in sensitivity between the advanced and early groups. (C) SROC of 4 studies about TAUS specificity and
sensitivity in discriminating advanced and early groups. SROC = summary receiver operating characteristics, TAUS = transabdominal ultrasound.

Figure 3. Different features between advanced GC and early GC in TAUS examination (presented as forest plots). (A) High color Doppler vascularity index (>11%);
(B) lesion larger than 1cm. GC = gastric cancer, TAUS = transabdominal ultrasound.

Zhang et al. Medicine (2021) 100:32 Medicine

4



Figure 4. Comparison of accuracy between TAUS and other techniques (presented as forest plots). (A) TAUS vs transverse contrast-enhanced CT; (B) TAUS vs
CEUS; (C) TAUS vs EUS. CEUS = contrast-enhanced ultrasonography, CT = computed tomography, EUS = endoscopic ultrasonography, TAUS =
transabdominal ultrasound.
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These results are consistent with previous EUC and CT studies. In
a study byWakelin et al,[25] it had been reported that CT and EUS
accurately identified advanced tumors (T3/T4) in 94% and 88%
of subjects, respectively. EUS was able to visualize tumors in all
the patients while correctly assessing 64% in T1/T2 stage and
92% in T3/T4 stage. However, there are still some controversies.
A part of the surveys implied that EUS and CT had a poor
performance in identifying T and N stages.[26] Theoretically,
CDVI is very useful in evaluating stomach angiogenesis.[18,27] A
high CDVI can be regarded as an excellent preoperative indicator
of the short survival of GC patients. A study by Chen et al[28] (not
included in the present meta-analysis due to insufficient data)
revealed a linear correlation between CDVI and micro-vessel
density. Therefore, patients with a high CDVI (11% or above)
may have a higher severity and lower survival. CDVI could be
regarded as an independent prognostic factor in patients with
stage III GC. However, in our analysis, no significant difference
was found in the high-CDVI proportion between groups,
implying that CDVI is a more useful indicator for prognosis
rather than the diagnosis of GC, which is consistent with previous
studies. However, further studies are required to confirm this
notion.
Our findings reveal that the accuracy of TAUS is comparable to

CT. TAUS is a highly recommended investigation tool for it
provides diagnosis with satisfactory accuracy but without
radiative harm. Similar results have been obtained in other
diseases. Some scholars evaluated the hemodynamics of gastric
varices using color Doppler TAUS and reported that TAUS and
CT findings were in complete agreement.[29] There are limited
preliminary studies regarding the comparison of EUS and TAUS
in preoperative staging of GC. Zheng et al (included in this
analysis) showed a better performance of GC accuracy in the
TAUS group. Another study reported similar results in N2 and
5

N3 staging (68.29% vs 34.15%; 66.67% vs 12.50%). TAUSwas
obviously superior to EUS in the M1 stage (83.33% vs 16.67%).
The accuracy of EUS increased from 64.18% to 79.10% when
combined with TAUS.[30] In practice, EUS has poorer compliance
than TAUS, which brings extra pain to the GC patients. In
contrast, in our analysis of the published studies, TAUS, though a
non-invasive technique, showed a superior diagnostic efficacy (at
least not inferior to EUS). Although detections using TAUS may
be influenced by air in the lungs and gastric varices, it is relatively
easy to operate. Moreover, the development of color Doppler
TAUS has made it possible to detect small amounts of blood flow
and the portal venous system, providing additional references in
tumor staging. Overall, TAUS exhibits a non-inferiority in
comparison to other imaging techniques in the accuracy of GC
diagnosis but is prominent in the non-invasive and non-radiative
properties. A combined staging/identification approach and
continuous optimization are recommended for accurate GC
diagnosis in the future.
5. Conclusions

In summary, TAUS is more accurate and sensitive in diagnosing
advanced GC compared to early GC. More features of advanced
GC are required to improve its ability of recognition. TAUS has
comparable or superior performance compared to other imaging
modalities, but it is prominent in its non-invasive and non-
radiative properties. At least, TAUS can be considered as a
complementary imaging diagnostic tool to CT and EUS.
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