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Objective: To perform a meta-analysis and literature
review regarding the diagnostic accuracy of MRI for
pre-operative tumour depth invasion (T) and regional
lymph node invasion (N) staging of gastric carcinoma
(GO).

Methods: Articles were identified through systematic
search of Medline, PubMed, Cochrane Library, Web of
Science, Springerlink and several Chinese databases. The
study quality was assessed by the quality assessment for
studies of diagnostic accuracy. 2 reviewers independently
extracted and assessed the data from 11 eligible studies. A
meta-analysis was then carried out. Subgroup and
sensitivity analyses were also performed.

Results: 11 studies (439 patients) were finally included in
the current review. Among these studies, the significant
evidence of heterogeneity was only discovered for

Gastric carcinoma (GC) is the fourth most common cancer
and the second leading cause of cancer-related death with a
5-year survival rate of <20% around the world." The disease
is more common in Asian countries, especially China, Japan
and Republic of Korea.> Accurate assessment of local tu-
mour depth invasion (T) and regional lymph node invasion
(N) plays an essential role in predicting prognosis and de-
termining the most appropriate treatment planning,*

The pre-operative staging of GC has been based on a multi-
modality approach, such as endoscopic ultrasonography
(EUS), CT, MRI and positron emission tomography
(PET).*” EUS and CT have been widely used for GC staging
in previous years.® Of course, different imaging modalities
have themselves relative merits. CT with ionized radiation
requires the injection of iodine contrast medium.” EUS is an
invasive technique requiring sedation' and is highly operator
dependent.'” PET highly depends upon the standardized
uptake value and the pathological subtype of the cancer."'

MRI is a powerful imaging method with high soft-tissue
contrast, with technical versatility for sequence selection

specificity in T4 stage (/>=59.8%). Pooled sensitivity
and specificity of MRI to diagnose T stage tumour (T3-4
vs T1-2) were 0.93 [95% confidence interval (CI),
0.89-0.96] and 0.91 (95% CI, 0.87-0.95), respectively.
Pooled estimates of sensitivity and specificity of MRI to
diagnose N stage tumour (NO vs N+) were 0.86 (95% ClI,
0.80-0.92) and 0.67 (95% CI, 0.54-0.79), respectively.
Subgroup analyses showed that diffusion-weighted im-
aging was more helpful for T staging.

Conclusion: The present systematic review suggests that
MRI has a good diagnostic accuracy for pre-operative
T staging of GC and should be widely used in clinical work.
However, the ability for N staging is relatively poor on MRI.
Advances in knowledge: In the pre-operative staging of
GC, MRI was a useful tool and may enhance accuracy for
the T staging of advanced GC.

and modification, and without ionizing radiation. How-
ever, it was unsuitable for the staging of GC owing to its
long acquisition time and susceptibility to motion artefacts
in previous years. With technology improved and shorter
imaging time, these limitations have recently been partially

overcome. 12

Recently, there has been much research using MRI to
assess pre-operative staging of GC. Nevertheless, the
number of patients in each study has been insufficient,
and the results varied among the articles. Also, the
limited imaging field of view of MRI in a single session
makes it difficult to stage the distant metastasis (M)."’
Therefore, the objective of this study was to perform
a systematic review and meta-analysis regarding the di-
agnostic accuracy of MRI for pre-operative T and N
staging of GC.

METHODS AND MATERIALS

Literature search

A comprehensive computer literature search of studies on
humans was performed. The Medline, PubMed, Cochrane
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Library, Web of Science, Springerlink and several Chinese
databases, including the Chinese Biomedical Literature Database,
China National Knowledge Infrastructure and China Science and
Technology Journal Database were searched with the following
keywords: (“MRI” OR “magnetic resonance imaging”) AND
(“gastric cancer” OR “stomach cancer” OR “gastric adeno-
carcinoma” OR “stomach adenocarcinoma” OR “gastric car-
cinoma” OR “stomach carcinoma”) AND (“preoperative
staging” OR “pre-operative staging” OR “preoperative imag-
ing” OR “preoperative TNM staging” OR “diagnostic imag-
ing”). We included the articles published before March 2014.
Articles were limited in advance to the English and Chinese
languages.

Figure 1. Flowchart for identification of eligible studies. FN,
diagnostic accuracy; TN, true negative; TP, true positive.

84 Potentially eligible studies

Z Huang et a/

Inclusion and exclusion criteria

All electronic search titles, selected abstracts and full text of the
obtained articles were read and assessed for inclusion in-
dependently by two reviewers (ZH and DHX) who were blinded
to the journal, author, institution and date of publication. Dis-
agreements were determined by consensus.

The inclusion criteria were: (a) studied pre-operative T and
N staging performance of MRI in newly diagnosed patients
with histopathology-confirmed GC; (b) included patients who
underwent surgery, and pre-operative staging was compared
with post-operative pathological staging; (c) included at least
30 patients who were suspected of GC; (d) only included the

false negative; FP, false positive; QUADS, quality assessment of

Studies excluded based on title

and abstract =257

a N

Studies excluded based on full text =16
Unrelated topic/analysis = 2

N<30 patients = 2

Less than 9 responses to QUADS = 3

) 4
27 Potentially eligible
studies

v

11 Eligible studies included

» Insufficient data to calculate
TP, FP, IN, and FN = 4
Exact duplicate = 3

Guideline/review = 2
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articles published in English or Chinese; (e) reported sufficient
data that could be labelled as true positive (TP), false positive
(FP), true negative (TN) and false negative (FN) for T or/and
N staging.

The exclusion criteria were as follows: (a) articles that in-
vestigated animals or/and ex vivo samples; (b) articles that did
not provide enough information to determine pre-operative
T and N staging performance; (c) studies did not include suf-
ficient data to label as TP, FP, TN and FN for T or/and N staging;
(d) studies with any pre-operative treatment or systematic chemo-
therapy; (e) review articles, meta-analyses, abstracts, conference
proceedings, reports and letters.

Data extraction and quality assessment

Data were independently extracted by two reviewers (ZH and
XF) from the obtained articles, including the first author’s name,
country, date of publication, study type, number of included
patients, age, gender, MRI sequence and field strength, b-value,
timing of imaging post-contrast injection, stage distribution for
each of the study populations, delay times and the reference
standards. Any controversy was resolved by consensus. The delay
time was defined as the time interval between MRI and surgery.

The quality assessment of diagnostic accuracy studies
(QUADAS) tool, which is an evidence-based quality assessment
tool used in systematic reviews of diagnostic accuracy studies, was
adopted to assess the methodological quality of the included
articles."* Minimum criteria for fulfilling each QUADAS item were
discussed by reviewers, and disagreements were resolved by con-
sensus. It included 14 individual domains: representative spectrum
of patients, selection criteria, reference standard reliable, time in-
terval between MRI and pathology, whole or random sample re-
ceived verification, same reference standard, reference standard
independent of the index test, description of execution of MRI and
pathology, interpretation of MRI blinded from reference, in-
terpretation of reference blinded from MRI, same clinical data
available, uninterruptable test results reported and withdrawals

» «

explained. Each item was assessed as “yes”, “no” or “unclear”

Statistical analysis

The point estimates and their 95% confidence intervals (Cls) of
the sensitivity, specificity, positive likelihood ratio (PLR) and
negative likelihood ratio (NLR), and diagnostic odds ratio
(DOR) were calculated from the data provided by the included
studies in this review. If the PLR is >10, it suggests that the
likelihood of correct staging of disease significantly increased;
and if the NLR is <0.2, it suggests that the likelihood of correct
staging of disease significantly decreased.'” We also constructed
the summary receiver-operating characteristic (SROC) curves,
and reckoned the corresponding area under the curve repre-
senting the combination of the average sensitivity and specificity.

We used the Cochran Q test and I statistic to assess the presence
of heterogeneity in this review.'® I” index represents the percent
of total variation across all studies attributable to heterogeneity
beyond chance; a higher value indicates more heterogeneity.'”
When the I? index was >50%, the random effects model was
used to pool PLR, NLR and DOR values. When the P index
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was <50%, we used the fixed effects model to pool these val-
cgg  |B|E|8|2|8]8 ues.'® Publication bias was visually assessed by funnel plots. An
EE é—; clzlzslzlals asymmetric funnel shape represents a significant bias. A re-
& g g~ To g ; 23 gression of the logarithm of DOR (InDOR) with 1/effective
sample size'* was used to calculate the degree of asymmetry. For
the slope coefficient, p < 0.10 indicates significant asymmetry of
5 the funnel plots."’
s I T [V i I [ The SROC curve was also used to visually assess the between-
é R e study variation caused by the threshold effect. And the varia-
tion was calculated as the squared coefficient of correlation
between logit sensitivity and specificity estimated by the bi-
s5,.¢ 52z ale variate model. To investigate the influence of individual quality
< E sElslg|g|8 (g% items, we conducted sensitivity analyses by excluding retro-
spective investigations, studies with unclear or high risk of bias
in the patient selection and outliers.”” A subgroup analysis was
lelclzlz]|_ performed to compare the diagnostic performance with
2 8|22 (8|8|% diffusion-weighted imaging (DWI) to those without DWI for
MR R T staging of GC.
I
Z |22 % g4 Two statistical software packages (Meta-Disc v. 1.4 and Stata®/
SE v. 12.0; Stata Corporation, College Station, TX) were used to
perform the statistical analysis.
RESULTS
FEEZ ||| e Literature search and selection of studies
= T|Elg|Z|g|Z |8 A flow chart of the inclusion of studies in the meta-analysis is
shown in Figure 1. Finally, 11 eligible studies published between
" 2000 and 2015>*'° fulfilled all the inclusion criteria and were
g sl=l=lglz|= included in our review.
@ w2 ol g aln
S 1238|1252 .
z |22 E8|S|2|2|2|2|2 Study characteristics
o |22 ElzlElalg | The principal characteristics of the 11 studies included in this
° h - meta-analysis are showed in Table 1. There were a total of
@ 439 patients enrolled, with a predominance of males and a mean
2 “l=lzlzlals of 40 patients per study (range, 30-51 patients). In these articles,
8 g |2|2|2]2|2]¢ the majority (10 articles, 400 patients) of the studies were from
_g g ES Zlel15l2)2|8 Asia. In 11 studies, the age ranged from 31 to 82 years. Six
E & 518/12(8(38 studies enrolled patients prospectively, three studies were ret-
> rospective and the other two did not define the status. 9 of the
© 11 studies used blind method, but the remaining 2 did not
§ . lzlzlzlzlels %‘eport. this inforrpation. Blinfl metho.d was defined as the
5 €0 1515131312 investigators assessing the MRI images without knowledge of the
§ g ‘;f gle|s|2|E]$ pathology results.
o | %% |glz|z(z|s|z
§ Quality assessment
5 The quality of the 11 qualified studies, as assessed according to
% g ol the QUADAS criteria, is reported in Table 2. It involved 14
‘© 22 |72 =Y ]R8 items. Six of them could be scored in all selected articles.
8 = Common disadvantages were concentrated in Items 2 and 11.
g Selection criteria (Item 2) was not present in 81.8% (9) of the 11
Z . articles. The blind measurements of pathology without knowl-
i; %; = ~lele o]l edge of MRI (Item 11) were not present in 90.9% (10) of the 11
g @ % articles. Representative spectrum (Item 1) was not present in
IS b= 18.2% (2) of the 11 articles. The execution of the reference
@ g standard in detail (Item 9) was not present in 36.4% (4) of the
Pq’j % é 11 articles. The measurements of MRI staging without knowl-
% 3 “lelelz g N edge of the results of the reference standard (Item 10) were not
— o} present in 27.3% (3) of the 11 articles.
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Figure 2. Forest plots of pooled sensitivity of MRI to diagnose T stage. Cl, confidence interval; df, degrees of freedom.
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Sensitivity
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T3 .

o 2 4 & B
Sensitivity

Pooled Sensitivity = 0.86 (0.78 to 0.91)
Chi-square = 5,17, df = 7 (p = 0.6386)
Inconsistency (l-square) = 0.0 %

Diagnostic accuracy of primary tumour depth

(T stage)

This meta-analysis article included various articles using the
seventh, sixth and fourth staging system of the Union for In-
ternational Cancer Control (UICC) and/or the American Joint
Committee on Cancer (AJCC) staging classifications. There are
too many changes of T-staging according to the change of edi-
tion. For example, T2 in the sixth edition is T2 and T3 in the

I Sensitivity (95% CI)

-4 Song Liu (9] 097 (0.84-1.00)

@ Cuilei[22) 092 (0.73-099)
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Sensitivity
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Sensitivity

seventh edition; and T3 and T4 in the sixth edition is T4 in the
seventh edition, respectively. The T2 stage also has slight dis-
tinction among the sixth and fourth editions of the UICC/AJCC
system; for the purposes of this meta-analysis, there are no
differences among the sixth and fourth editions.® To make the
various editions consistent in our review, we used the sixth and
fourth editions as the reference standards. T2 and T3 in the
seventh edition were regrouped into T2, and T4 in the seventh

Figure 3. Forest plots of pooled specificity of MRI to diagnose T stage. Cl, confidence interval; df, degrees of freedom.
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edition was also regrouped into T3-4. The number of the
patients confirmed pathologically to be Stages T1, T2, T3 and T4
is shown in Table 3, respectively.

The pooled accuracy of MRI to diagnose T stage tumour was
0.81 (95% CI, 0.77-0.84). To assess the diagnostic accuracy of
MRI to separate early-to-intermediate (T1-2) and even ad-
vanced (T3-4) GC, we performed a meta-analysis of the in-
cluded studies on T staging (T3—4 vs T1-2). For this purpose,
there were 10 studies (213 patients) available, and the sample
size of n = 213 referred to the patients with T3 and T4 staging in
this review. Pooled sensitivity and specificity were 0.93 (95% CI,
0.89-0.96) and 0.91 (95% CI, 0.89-0.95), respectively. The
sensitivity and specificity of MRI to stage T1, T2, T3, T4 and
T3—4 stage tumours are shown as forest plots in Figures 2—4. The
PLR and DOR for various T stages are displayed in Table 3. The
SROC curves for T1, T2, T3, T4 and T3—4 stages are also shown
in Figures 4 and 5.

The Cochran Q test (Figure 3) confirmed that the significant
evidence of heterogeneity was only found for specificity in T4
stage tumour (I> =59.8%) in the included studies. Therefore
we pooled the estimates of MRI for T1, T2, T3 and T34
staging in the fixed effects model and for T4 staging in the
random effects model. The ratio of heterogeneity probably
caused by the threshold effect was very low (Table 3). There
was only one outlying study with a low specificity of MRI for

T4 staging.”’ A sensitivity analysis was performed to in-
vestigate the influence of excluding the study on MRI speci-
ficity for T4 staging. We found that this analysis produced
a higher estimate of specificity, and statistical heterogeneity of
specificity in T4 stage tumour was diminished. For T4 stage,
we also performed a sensitivity analysis to investigate the in-
fluence of excluding the retrospective studies. We found that
there was no statistically significant difference between the
different study types.

Diagnostic accuracy of lymph node status (N stage)
The classifications of N stage are also different among the var-
ious editions of UICC/AJCC. In the UICC/AJCC system, N stage
is defined according to the distance of the perigastric regional
lymph nodes from the edge of the primary tumour or the total
number of lymph node metastases present.’"*>

Our meta-analysis only compared the performance of MRI to
identify NO vs N+ disease. Thus, 5 articles (201 patients) were
included. The pooled accuracy of MRI to diagnose N stage tu-
mour was 0.78 (95% CI, 0.72-0.83). Summary estimates of
sensitivity, specificity, DOR, PLR and NLR were 0.86 (95% CI,
0.80-0.92), 0.67 (95% CI, 0.54-0.79), 2.59 (95% CI, 1.80-3.73),
0.21 (95% CI, 0.13-0.33) and 12.75 (95% CI, 6.31-25.77), re-
spectively. The sensitivity and specificity of MRI for N stage are
presented as Forrest plots (Figure 6). The AUC curve for N stage
is also presented in Table 3.

Figure 4. Pooled sensitivity, specificity, and summary receiver-operating characteristic (SROC) of MRI to diagnose T3-4 stage.
AUC, area under the curve; Cl, confidence interval; SE, standard error.
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The Cochran Q test (Figure 6) confirmed that there was little
heterogeneity across the studies for N stage.

Subgroup analyses

We compared the pooled T (T3-4 vs T1-2) performance
characteristics of MRI with DWI>***** to those without
DWI*?*7C to determine whether DWI could have helped pre-
operative staging performances (Table 4). However, we found
that the summary results for T staging of GC (Table 4) showed
no statistically significant difference between MRI with DWI
and without DWI in sensitivity (p=0.279) and specificity
(p = 0.283). There were not enough studies available to perform
subgroup analyses for N staging in our review.

Publication bias

In this meta-analysis, the bias calculations and funnel plots
did not show statistically significant bias for T2 (p = 0.36),
T3 (p=0.11), T4 (p=0.12) and T3-4 (p =0.52) staging.
However, there were insufficient included studies to allow

Z Huang et a/

assessment of reporting bias for T1 (n=7) and N (n=5)
staging. Therefore, we concluded that publication bias may
exist in T1 and N stages.

DISCUSSION

It is widely known that accurate pre-operative staging can im-
prove therapeutic approaches and prognosis for patients with
GC.>** Recently, MRI as a helpful imaging tool for GC staging
has been widely used worldwide. In order to identify 11 studies
that investigated the diagnostic accuracy of MRI for pre-
operative staging of GC, we searched nearly 284 titles and
abstracts in this systematic review. To the best of our knowledge,
this is the first meta-analysis that singularly quantitatively
summarizes the diagnostic performance of MRI in the loco-
regional staging of GC to include a large cohort of patients
(n=439).

A systematic review by Seevaratnam et al® evaluated 40 articles,
of which 3 evaluated GC with MRI (n = 109) and showed that

Figure 5. Summary receiver-operating characteristic (SROC) of MRI to diagnose T stage. AUC, area under the curve; df, degrees of

freedom; SE, standard error.
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MRI had the best overall performance characteristics for tu-
mour invasion (T) staging compared with other imaging mo-
dalities such as abdominal ultrasound, CT and PET. In this
review, it was found that the overall accuracy for T stage was
68%, 72% and 83% and the overall accuracy for N stage was
68%, 66% and 53% for abdominal ultrasound, CT and MRI,
respectively. However, what should be noted is that only three
MRI studies published in 2000 were included in their review.
What we have concluded is similar to the findings of Seevar-
atnam et al, although our meta-analysis found that MRI had
a weakness for T1 staging. There were two systematic reviews
assessing diagnostic accuracy of EUS for the staging of GC in
previous years. Cardoso et al’® found that EUS was a moder-
ately accurate technique for both T and N staging. Mocellin
et al’® found that the sensitivity of the single T categories (T1,
T2, T3 and T4) for EUS were 83%, 65%, 86% and 66%, re-
spectively, and the specificity were 96%, 91%, 85% and 98%,
respectively. Compared with the previous reviews, we found
that MRI performed better for T staging except for T1 stage. An
explanation for the sufficient diagnostic performance of MRI in
T2-4 staging is its excellent soft-tissue contrast. The limitation
of MRI for T1 staging probably may be related to the location of
the lesions, such as tumour in the angle or cardia of the
stomach, which is easily underestimated for the native thickness
of the gastric wall, and histological differentiation of carcinoma
with lower grades of enhancement that is hardly detected in the
process of enhancement.’” Thus, we need further investigations
with large sample sizes to confirm our results.

In this review, our results showed that the pooled sensitivity
of MRI for T staging ranged from 66% to 93%, with a rela-
tively higher value (93%) observed in T3—4 lesions than in
T1-2 lesions (Table 3). For the overall T stages, the pooled
specificity ranged from 89% to 97%. And the overall accu-
racy of MRI for T stage was 81%. The pooled accuracy,
sensitivity and specificity for detecting nodal invasion were
78%, 86% and 67%, respectively. In conclusion, we found
that MRI performed better for T staging than for N staging,
especially for specificity. Kwee and Kwee' also came to
a conclusion that no one imaging tool consistently attains
both high sensitivity and high specificity in N staging of GC.
Lymph node size and enhancing lymph node status were
used by all studies included in the review as the criteria to
define malignancy.””*° The inability to identify metastatic
lymph node status with normal size may explain the in-
sufficient diagnostic accuracy of MRI. Although the di-
agnostic performance of MRI for N staging is not better than
T staging, this imaging modality can also help clinicians to
consider the risk of patients with lymph node metastatic
disease to select suitable pre-operative treatments.

The PLR is an indicator to what extent the test could identify
a disease, and the NLR is a measure of how well the same test
performs in excluding the disease."” In our review, We found
that MRI had the lowest NLR for T3—4 staging, suggesting that
the negative examination results of MRI for GC staging could
be used alone as a justification to rule out the T3—4 stage of the

Figure 6. Pooled sensitivity, specificity and summary receiver-operating characteristic (SROC) of MRI to diagnose N stage.
AUC, area under the curve; Cl, confidence interval; df, degrees of freedom; SE, standard error.
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disease. We also found that MRI had the highest PLR for T1
% staging of GC in this analysis, indicating that MRI is a sensitive
5% = & measure to identify the T1 stage of this disease, although T1
?N - 1 I staging had the lowest sensitivity.
s = =
é DOR is defined as the odds of having a positive test in patients
with a true anatomical stage of the disease when compared with
© patients who do not have the disease.”’ DOR has a value that
8 _g) E S 2 ranges from zero to infinity, with higher value indicating better
z g ol 2 2 discriminatory test performance.”® The results of this meta-
= analysis indicated that MRI had an effective diagnostic perfor-
mance in T staging of GC, especially for T4 and T3-4 stage. An
~ - = = area under the curve of one for any diagnostic test indicates that
2 = 8 = = the test is extremely accurate.”” In our findings, except for T1
g S £ o & stage disease, SROC curves of MRI for the pre-operative staging
2 2R E % of GC were close to one, showing that MRI is a reliable test for
5 o @ - .
@ & o - - advanced GC staging.
El g% | 3|2
3 a = = In our review, statistical heterogeneity was only found in T4
% stage specificity estimates and appeared to reduce when one
‘g 6 = o= study with low specificity was excluded in a sensitivity
'8 © 3 < S = analysis, suggesting that the variability could be explained by
% |22 ;& 3‘ 4 the outlying point alone. The threshold effect was not found
E | T = 2 S in our meta-analysis. Subgroup analyses were also performed
2 Z = 2| = = to further investigate the different diagnostic performances
é Sl - between MRI with DWI and without DWI for T stage. We
= found that the results did not show any statistically signifi-
o = 2 Q cant difference between them. Although DWI may be bene-
& | o l'o) 5 = ficial for detecting lymph node metastases, testified by several
= IE _g & @ & studies,* there were not enough studies available to perform
Z é :E» 9-;/ z % subgroup analyses for N staging in our review. Therefore,
o =0 < further research is needed to explore the DWI for N staging
7 il of GC.
¥
P N 8 ¥ Our study was based on thorough literature search and careful
% é O ; j data extraction, and included assessments of the methodological
5 3 § ; \’;/ quality of diagnostic test accuracy studies. However, some lim-
2 & 0 ® itations should be mentioned here. First of all, publication bias
9 S S could not be avoided in our review for the small size of our
@ included studies. Second, the majority of the included patients
G [ ® N in our meta-analysis were from Asia. Accordingly, the results
ol = O S 3 may not be useful in other regions. Third, the inclusion bias
& = 2 E should be considered in our study, because only the studies
2 g & = ey published in English or Chinese were selected. Fourth, six
o o 3 3 studies were prospectively designed, three studies retrospectively
% designed and two studies did not specify their design, which
£ « resulted in a selection bias in this review. Fifth, the proportion of
£ % - 0 patients with different T stages varied between studies, which
8 g~ - - may cause a bias when evaluating the overall diagnostic per-
g ~ formance of MRI.
°l 3 _ CONCLUSION
3 '§ = < o |2 The present meta-analysis shows that MRI has a good di-
g & 2 agnostic performance for the T staging of advanced GC, espe-
£ @ cially for T3—4 staging. Although T1 staging has the lowest
O » & sensitivity, MRI is also a sensitive measure to identify the T1
‘Gf > - é _ % stage of this disease for the highest PLR value. But for N
3 = £ E £ E ] staging, as like other imaging modalities (EUS, CT, PET-CT)
= o reported by previous reviews,”>>* MRI has a poor diagnostic
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performance in GC staging. DWI may be beneficial for FUNDING
detecting lymph node metastases, which was confirmed by
several studies. Therefore, researchers should pay more atten-

tion to DWI for N staging in the future.
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