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ABSTRACT
Prediction of  the depth of  invasion in  superficial  oesophageal  squamous carcinoma (SESC) is  an important  factor  for  choosing the treat-
ment. Recently, the Japan Esophageal Society (JES) designed a magnifying endoscopy classification based on the Inoue and Arima classifica-
tions. The aim of this study was to conduct a meta-analysis of the published literature on JES classification. Meta-Disc version 1.4, Review
Manager  5.4  as  well  as  stata  14.0  were  used.  The  analysis  combined  sensitivity  and  specificity  with  the  respective  95%  CI,  to  draw  a
summary receiver operating characteristic curve (SROC), and estimated the area under curve (AUC) for overdiagnosis and underdiagnosis
for each type B. Eight studies were included in the meta-analysis comprising 1279 patients. Type B1 has high sensitivity (0.86, 95%CI:
0.83-0.88) and specificity (0.84, 95%CI: 0.81-0.88) for the prediction of EP/LPM classifications. The AUC was calculated to be 0.92 with a
high  proportion  of  underdiagnosis  (17%).  The  sensitivity  and  specificity  of  type  B2  were  0.66  (95%  CI,  0.6-0.72)  and  0.84  (95%  CI,
0.82-0.86) respectively. The overdiagnosis and underdiagnosis of type B2 were 14% and 39%. Type B3, sensitivity was low (0.49, 95% CI:
0.41-0.56), with high specificity and AUC (specificity: 0.99; AUC: 0.95).
JES classification is a useful and reliable modality for predicting the depth of invasion of SESC, but other modalities should be considered for
additional assessment when type B2 is detected.
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INTRODUCTION
Endoscopic  resection  (ER),  one  of  the  standard  treatments,
has  been  gradually  used  worldwide  for  superficial  oesopha-
geal squamous carcinoma (SESC).1-3 Although ER is a minimally
invasive treatment for SESC, this endoscopic procedure crucially
depends on the tumour invasion depth which is directly related to
lymph node metastasis.4,5 Hence, effective prediction of invasion
depth in SESC is important for choosing a suitable treatment
method.

Magnifying endoscopy (ME) is one of the most used modalities
(e.g. non-magnified endoscopy and endoscopic ultrasound) for
the  prediction  of  invasion  depth  of  SESC.  ME  offers  clear
screening  of  intrapapillary  capillary  loops  (IPCLs)  of  the
oesophageal  mucosa  and  ME  combined  with  narrow-band
imaging (ME-NBI) could further provide enhanced observation of
the microvascular architecture, which is closely associated with
the invasion depth in SESC.6-8
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Until  now,  there  were  three  ME  classifications  designed  by
experts in Japan and the Japan Esophageal Society (JES) for
predicting the depth of invasion in SESC.8-10 However, among
the three ME classifications,  the first  two classifications  are
difficult to use due to their complicated items.8,9 In 2016, the JES
demonstrated that a new ME classification based on types of
IPCLs is  easy to understand and effective for predicting the
depth of invasion of SESC.10

Although some meta-analyses and systematic reviews were
published for evaluating the diagnosing accuracy of invasion
depth of SESC previously, there was no meta-analysis focusing
on  the  new  ME  classification.11-13  Because  pooled  outcomes
based on different ME classifications could result in high hetero-
geneity and bias. So, this the meta-analysis and systematic
review was designed to evaluate the diagnostic accuracy of the
JES classification for invasion depth of SESC.

METHODOLOGY
The  study  was  performed  and  reported  according  to  the
Preferred Reporting  Items  for  Systematic  Reviews  and  Meta
Analyses (PRISMA) statement of DTA Studies.14 The search of
databases included Embase, PubMed, and Cochrane Library. The
search  items  used  were  “superficial  oesophageal  squamous
carcinoma” OR “superficial oesophageal squamous cell carci-
noma” and “magnifying endoscopy”, covering the period from
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the establishment of each database to August 2023; the search
language was English. The inclusion criteria for the study were a
JES  classification  for  diagnosis  of  depth  of  invasion  in  SESC;
complete data (2*2 contingency table); and the gold standard
was a pathological diagnosis. Reviews, case reports, and studies
with  incomplete  data  were  excluded.  The  first  and  the  last
authors extracted the data from the included studies and evalu-
ated  the  quality  of  the  included  studies  independently.  The
Quality  Assessment  of  Diagnostic  Accuracy  Studies-  2  (QUA-
DAS-2)  tool  was  used  to  assess  the  quality.15  The  primary
outcome considered was the accuracy of type B for predicting
depth of invasion in SESC, and the secondary outcome indicators
were overdiagnosis and underdiagnosis which were defined as
overdiagnosis  and  underdiagnosis  proportion  in  each  type  B
group (i.e. B1, B2, and B3) (13) Meta-Disc version 1.4 was used to
perform heterogeneity and the diagnostic accuracy of JES classifi-
cation, the latter of which was calculated by pooled estimates of
sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), and diagnostic odds ratio (DOR) with corre-
sponding 95% confidence intervals (CIs). Summary receiver-op-
erating characteristic (SROC) curves, which estimate the area
under the curve (AUC), were also calculated. Heterogeneity was
evaluated by I2 index, with an I2> 50% suggesting high hetero-
geneity. Pooled estimates were calculated by using the random
effects  model  (REM).  Review  Manager  5.4  was  used  for  the
presentation of quality assessment. Deeks funnel were used to
assess publication bias and calculated the overdiagnosis and
underdiagnosis by using STATA software (version 14).

RESULTS

Two  hundred  and  seventy-eight  papers  were  found  from
PubMed,  Embase,  and  Cochrane  library.  Eight  studies  were
finally included after excluding duplicates, reviews, descriptive
studies  and  studies  that  did  not  meet  the  inclusion  criteria
Figure 1.10,16-22

Figure 1: PRISMA flow diagram.

Eight articles included 1279 patients with 1329 SESC lesions,
ageing from 45 to 91 years. Among the eight studies, seven
were  retrospective  studies  and  one  was  prospective  study
(Table I). Since seven studies, only included the patients who
underwent ER, while patients who underwent surgery or radio-
therapy  were  not  included,  there  was  a  high  risk  of  bias  in
patient selection. All studies did not report the timing between
ME procedure and pathological assessment, this may result in
bias (Figure 2).

Figure 2: Quality assessment summary of each study.

The Spearman correlation coefficients of ME-NBI for type B1, B2,
and B3 were 0.405 (p= 0.32), 0.619 (p= 0.102), and 0.31(p=
0.456), respectively, which indicated the absence of a diag-
nostic threshold effect.

Regarding type B1 for prediction of epithelium or lamina propria
mucosae (EP/LPM), the sensitivity (I2= 85.2%) and specificity
(I2=  73.1%)  also  reflected  significant  heterogeneity,  with  a
pooled sensitivity of  0.86 (95% CI:  0.83–0.88) and a pooled
specificity of 0.84 (95% CI: 0.81–0.88). The SROC with pooled
AUC was 0.92. The summary PLR and NLR were 4.9 (95% CI:
3.61–6.67) and 0.17 (95% CI: 0.12–0.25), respectively (Figure
3). The DOR was 35.13 (95% CI: 20.07–61.51) and the underdi-
agnosis rate was (0.170.07-0.28). Compared with type B1, the
pooled sensitivities of type B2 and type B3 were lower and with
more overdiagnosis and underdiagnosis rates. The diagnostic
accuracy of type B2 and B3 was shown in Table II and Figure 4
and 5.

Univariate meta-regression analysis was performed to test the
relation between diagnostic accuracy and the following vari-
ables: design type, country, and endoscope. However, no vari-
able was found to be responsible for  the significant hetero-
geneity. Deeks funnel plot of studies for each type B exhibited a
symmetrical  shape  for  the  regression  line  and  found  no
evidence of publication bias.



Diagnostic  accuracy of  JES classification for  prediction of  invasion depth in  superficial  esophageal  squamous carcinoma

Journal  of  the College of  Physicians and Surgeons Pakistan 2024,  Vol.  34(03):336-342338

Table I: Characteristics of the included studies.

Author,
year

Country Study design Patients Lesions Male (%) Age Histopathology Endoscope

Oyama,
2016

Japan Prospective,
multicentre study

211 211 NA NA SESCC GIF-H260Z or GIFQ240Z

Mizumoto,
2017

Japan Retrospective,
single-centre

174 174 153
(87.9%)

67.7 ± 8.8 SESCC GIF-H260Z or GIFQ240Z
or H290Z

Kim,
2017

Korea Retrospective,
muti-centre

69 70 62
(89.8%)

66 (47-81) SESCC GIF-H260Z

Katada,
2018

Japan Retrospective,
single-centre

256 256 224
(87.5%)

71 (46-91) SESCC GIF-H260Z or GIFQ240Z

Mizumoto,
2018

Japan Retrospective,
single-centre

136 136 112
(82.4%)

68.2±8.9 SESCC H260Z or H290Z

Tanaka,
2019

Japan Retrospective,
single-centre

207 248 168
(81.2%)

70.2 (45-89) SESCC GIF-H260Z

Toriyama,
2019

Japan Retrospective,
single-centre

82 82 63
(76.8%)

64.7 ± 9.06 SESCC NA

Zeng,
2022

China Retrospective,
single-centre

144 152 198
(75%)

61.3 ± 7.5 SESCC GIF-H260Z or EG-L590ZW

SESCC: Superficial oesophageal squamous cell carcinoma; NA: No available.

Table II: Diagnostic accuracy of each Type B.

Subtypes Prediction of
invasion
depth

Sensitivity Specificity Positive
likelihood
ratio

Negative
likelihood ratio

Diagnostic
odds ratio

AUC Overdiagnosis Underdiagnosis

Type B1 EP/LPM 0.86
(0.83-0.88)

0.84
(0.81-0.88)

4.90
(3.61-6.67)

0.17
(0.12-0.25)

35.13
(20.07-61.51)

0.92 NA 0.17 (0.07-0.28)

Type B2 MM/SM1 0.66
(0.6-0.72)

0.84
(0.82-0.86)

4.79
(3.39-6.76)

0.34
(0.2-0.57)

16.84
(10.1-28)

0.87 0.14 (0.07-0.21) 0.39 (0.25-0.52)

Type B3 SM2 0.49
(0.41-0.56)

0.99
(0.98-0.99)

28.4
(16.48-48.94)

0.55
(0.44-0.69)

57.11
(30.25-107.8)

0.95 0.01 (0-0.02) NA

CI: Confidence interval; AUC: Area under curve.

Figure 3: Diagnostic performance of Type B1.
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Figure 4: Diagnostic performance of Type B2.

 

Figure 5: Diagnostic performance of Type B3.
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DISCUSSION

Predicting the depth of ESCC invasion is important before
the  treatment  because  lymph  node  (LN)  metastasis  is
rarely observed in these lesions.23 ER is an effective thera-
peutic method for ESCC in EP/LPM stage.24 The review is
the first meta-analysis to focus on the diagnostic accuracy
of  the  JES  classification  for  invasion  depth  of  SESC  and
calculate the pooled estimates of each type B IPCLs. The
JES classification is useful for predicting the depth of inva-
sion. The accuracy of type B1 for the prediction of EP/LPM
and B3 for the prediction of SM2 was high, but the accu-
racy of type B2 for MM/SM1 was moderate with high under-
diagnosis (39%). The deficiency of type B2 may be assisted
by other  modalities  (i.e.  an avascular  area)  in  order  to
improve the diagnosis of the invasion depth of ESCC.25

Regarding type B1 for the prediction of EP/LPM, JES classifi-
cation showed a strong power with an AUC of 0.92. The
other diagnostic parameters (i.e. sensitivity, specificity and
NLR) of type B1 indicate that JES classification is a reliable
modality  for  confirming  deep  cancer  invasion  of  EP/LPM.
The results were consistent with previous reports. Although
a high proportion of underdiagnosis in type B1 was found,
most cases of underdiagnosis were from MM/SM1 and ER
was suitable for both lesion infiltration depths.

In terms of Type B2 and type B3, JES classification showed
poor sensitivities (0.66 in type B2 and 0.49 in type B3). The
pooled  estimates  showed  type  B2  with  moderate  AUC
(0.87) and a high rate of underdiagnosis (39%). This may
result in unnecessary ER in some ESCC patients, whereas
surgery  could  be  more  necessary.  Although  strong
evidence does not  exist,  the prediction of  the depth of
tumour invasion may be improved by the additional utility
of NBI magnifying imaging (i.e. an vascular area) or EUS
before  selecting  therapeutic  strategies.16,26  The  specificity
of type B3 was very high (0.99) and with high AUC (0.96).
This indicates that type B3 is accurate predictor of SESC in
SM2. However, the sensitivity of type B3 for SM2 was lower
(0.49).  Interestingly,  endoscopic  ultrasonography  with  a
high-frequency miniature probe was reported to supple-
ment the low sensitivity of type B3.22 Combining ME and
EUS  enables  the  most  comprehensive  assessment  of
submucosa infiltration depth.

Compared  with  previous  meta-analyses  and  systematic
reviews, the study is the first meta-analysis and systematic
review  focusing  on  JES  classification.11-13  In  addition,  the
authors excluded the studies including the Arima classifica-
tion and Inoue classification in order to decrease the bias.
Similar  to  the  results  of  previous  meta-analyses  on
magnified  endoscopy,  JES  classification  based  on  changes
of vascular patterns on the mucosa of the oesophagus is
useful for the diagnosis of cancer invasion depth.

There  were  some limitations  in  this  study.  First  of  all,
heterogeneity  was  high  and  the  source  was  not  found
among the analysis.  It  was speculated that  the hetero-
geneity  may  be  related  to  the  different  experiences  of
endoscopists. Secondly, most studies were retrospectively
performed. Third, most included studies enrolled patients
who  underwent  ER  but  not  surgery.  This  affected  the
sample size and patient selection. Therefore, these limita-
tions bring high heterogeneity and some potential bias and
indicate that prospective studies containing similar experi-
enced  endoscopists  need  to  be  performed  to  confirm this
issue.

CONCLUSION

JES classification is a useful and reliable modality for predic-
t-ing  depth  of  invasion  of  SESC,  and  other  modalities
should be considered when type B2 exists.
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