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Abstract 

Background  Accurate evaluation of tumor invasion depth is essential to determine the appropriate treatment 
strategy for patients with superficial esophageal cancer. The pretreatment tumor depth diagnosis currently relies 
on the magnifying endoscopic classification established by the Japan Esophageal Society (JES). However, the diag-
nostic accuracy of tumors involving the muscularis mucosa (MM) or those invading the upper third of the submucosal 
layer (SM1), which correspond to Type B2 vessels in the JES classification, remains insufficient. Previous retrospec-
tive studies have reported improved accuracy by considering additional findings, such as the size and macroscopic 
type of the Type B2 vessel area, in evaluating tumor invasion depth. Therefore, this study aimed to investigate 
whether incorporating the size and/or macroscopic type of the Type B2 vessel area improves the diagnostic accuracy 
of preoperative tumor invasion depth prediction based on the JES classification.

Methods  This multicenter prospective observational study will include patients diagnosed with MM/SM1 esopha-
geal squamous cell carcinoma based on the Type B2 vessels of the JES classification. The tumor invasion depth will be 
evaluated using both the standard JES classification (standard-depth evaluation) and the JES classification with addi-
tional findings (hypothetical-depth evaluation) for the same set of patients. Data from both endoscopic depth evalua-
tions will be electronically collected and stored in a cloud-based database before endoscopic resection or esophagec-
tomy. This study’s primary endpoint is accuracy, defined as the proportion of cases in which the preoperative depth 
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diagnosis matched the histological depth diagnosis after resection. Outcomes of standard- and hypothetical-depth 
evaluation will be compared.

Discussion  Collecting reliable prospective data on the JES classification, explicitly concerning the B2 vessel category, 
has the potential to provide valuable insights. Incorporating additional findings into the in-depth evaluation process 
may guide clinical decision-making and promote evidence-based medicine practices in managing superficial esopha-
geal cancer.

Trial registration  This trial was registered in the Clinical Trials Registry of the University Hospital Medical Information 
Network (UMIN-CTR) under the identifier UMIN000051145, registered on 23/5/2023.

Keywords  Magnifying endoscopy, Endoscopic diagnosis, Japan Esophageal Society Classification, B2 vessel, B2 vessel 
area, Morphological type, Esophageal cancer, Squamous cell carcinoma

Background
Esophageal cancer is among the ten most common can-
cers; it has high morbidity and mortality. Following the 
National Comprehensive Cancer Network Guidelines, 
endoscopic resection (ER) is the preferred standard 
treatment for clinical T1a (cT1a) esophageal cancers 
without metastasis. However, esophagectomy or chem-
oradiotherapy (CRT) is recommended for clinical T1b 
(cT1b) esophageal cancers [1]. ER for esophageal cancers 
has been extensively developed in Japan and is widely 
used as a radical treatment. Based on a nationwide clini-
cal survey in Japan, the 5-year overall survival (OS) rates 
were 88.5% for pathological T1a (pT1a) and 77.9% for 
pathological T1b (pT1b) cases treated with ER. In con-
trast, the 5-year OS rate was 83.6% for pT1a and 73.8% 
for pT1b cases treated with esophagectomy [2]. There-
fore, based on these results, Japanese guidelines recom-
mend ER for cT1a-epithelial/lamina propria (EP/LPM) 
cancers. In addition, ER is considered a viable option for 
cT1a-muscularis mucosa (MM) and cT1b-SM1, defined 
as tumors invading the upper third of the submucosal 
layer [3, 4]. However, for cT1b-SM2-3, esophagectomy 
or CRT remains the standard treatment. The efficacy of 
adding CRT after ER in pT1b cancers was confirmed in 
a non-randomized trial, which demonstrated a favorable 
3-year OS rate of 90.7%. Consequently, ER with CRT is 
considered an alternative treatment for pT1b cancer [5]. 
Proper differentiation of EP/LPM, MM/SM1, and SM2-3 

cancers before treatment is crucial for selecting the 
appropriate treatment.

Evaluating the preoperative tumor invasion depth 
using magnifying endoscopy enables the diagnosis of 
cancer invasion by considering morphological changes 
in the vessels. To assess tumor invasion depth, the Japan 
Esophageal Society (JES) proposed a magnifying endo-
scopic classification (Table  1) [6]. This classification is 
specialized to discriminate between cancer and non-can-
cer cases. It helps estimate the tumor invasion depth in 
cancer cases, specifically for the sub-classification of cEP/
LPM, cMM/SM1, and cSM2-3. Type A vessels are diag-
nosed as non-cancerous, whereas Type B vessels are can-
cerous. Type B vessels are further classified into types B1, 
B2, and B3, corresponding to cEP/LPM, cMM/SM1, and 
cSM2-3. However, previous retrospective studies have 
revealed that the positive predictive value (PPV) of cEP/
LPM as a Type B1 vessel was 92.4%, and that of cSM2 as 
a Type B3 vessel was 90.7%. However, the PPV of cMM/
SM1 as a Type B2 vessel was only 55.7% (27.4% for over-
estimated pEP/LPM, 55.7% for accurate pMM/SM1, and 
17.0% for underestimated pSM2 vessels). This indicates 
the need to improve the diagnostic accuracy of Type B2 
vessels in the preoperative evaluation of tumor invasion 
depth.

Notably, several retrospective studies have been con-
ducted to improve the diagnostic yield of Type B2 vessels 
in evaluating tumor invasion depth. Studies have found 

Table 1  Japan Esophageal Society magnifying endoscopic classification and corresponding depth of invasion

MM Muscularis mucosa, SM1 Upper third of the submucosal layer, EP/LPM Epithelial/lamina propria

Type of vessels Definitions Tumor invasion depth

Type A Normal intrapapillary capillary loops or abnormal microvessels without severe irregularity Non-cancerous

Type B Abnormal microvessels with severe irregularity or highly dilated abnormal vessels

B1 Type B vessels with a loop-like formation EP/LPM

B2 Type B vessels without a loop-like formation MM/SM1

B3 Highly dilated Type B vessels whose calibers appear to be more than thrice that of usual B2 vessels SM2-3
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that as the size of the area where Type B2 vessels were 
observed increased, the pathological tumor invasion 
depth tended to increase [7, 8]. Consequently, when the 
observed area was small, the probability of pEP/LPM was 
high; when the observed area was large, the probability 
of pSM2-3 was higher. The cut-off values for the tumor 
invasion depth were 4 mm for pEP/LPM and pMM/SM1 
and 10 mm for pMM/SM1 and pSM2-3. In addition, the 
macroscopic type of the Type B2 vessel area was associ-
ated with submucosal invasion. When an elevation (mac-
roscopic type, 0-I) or deep depression (macroscopic type, 
0-III) is observed within the B2 vessel area, there is a ten-
dency for pSM2-3 [8]. However, the effectiveness of these 
additional findings, such as the size of the B2 vessel area 
and macroscopic type 0-I/0-III in the B2 vessel area, is 
yet to be confirmed.

This prospective study aims to verify the usefulness of 
considering the size and macroscopic type of Type B2 
vessel area and depth evaluation based on the JES magni-
fying endoscopy classification in cMM/SM1 cancers.

Methods
Study design
This is a multicenter prospective observational study. 
Endoscopic examinations will be performed in 13 hos-
pitals in Japan. Tumor invasion depth will be evaluated 
based on only the JES classification (standard-depth 
evaluation) and the JES classification with additional 
findings (hypothetical-depth evaluation) for the same 
patients (Fig.  1). The study protocol will be performed 
following the Declaration of Helsinki and is approved 
by the Ethical Review Board of Shizuoka Cancer Center 
(IRB approval number: T2022–53–2022-1–2). The trial is 
registered in the Clinical Trials Registry of the University 
Hospital Medical Information Network (UMIN-CTR) as 

UMIN000051145. The date of the first registration was 
23/5/2023.

Study population
Patients who meet all the following inclusion criteria 
and do not meet any exclusion criteria will be eligible for 
registration.

Inclusion criteria

	 1.	 Diagnosis of histologically confirmed squamous 
cell carcinoma or clinically diagnosed esophageal 
squamous cell carcinoma.

	 2.	 Clinical T1 esophageal cancer where Type B2 ves-
sels will be observed but Type B3 vessels will not.

	 3.	 The part where Type B2 vessels are observed will 
be considered the tumor’s deepest part.

	 4.	 The main sites of the tumor are the cervical, tho-
racic, and abdominal esophagi [9].

	 5.	 The maximum tumor diameter is ≤ 50 mm.
	 6.	 Undergoing endoscopic or surgical resection as 

initial treatment. However, only patients without 
planned preoperative chemotherapy for overlap-
ping head, neck, or gastric cancer are eligible.

	 7.	 No simultaneous esophageal advanced cancer.
	 8.	 No history of surgical esophagectomy.
	 9.	 No history of radiation therapy to the esophagus, 

lung field, mediastinum, or treatment for other 
cancer types.

	10.	 Previous endoscopic resection for esophageal can-
cer is not a concern. However, the patient is ineli-
gible if the lesion is within 10 mm of the scar from 
the previous treatment.

	11.	 The age at registration is ≥ 18 years.

Fig. 1  Patient flow and analyses. CRT, chemoradiotherapy; JES, Japan Esophageal Society
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	12.	 Performance status will be assessed following the 
ECOG criteria and should range between 0 and 2. [10]

	13.	 The patient agrees to provide written consent for 
participation in the trial.

Exclusion criteria

1.	 Systemic infections requiring treatment.
2.	 Women who are pregnant, who may be pregnant, or 

who are breastfeeding.
3.	 Psychiatric disorders, psychiatric symptoms, or cog-

nitive impairments that make participation in the 
trial difficult.

4.	 Other patients who are deemed inappropriate by the 
registering physician.

Tumor invasion depth evaluation
Standard depth evaluation
Tumor invasion depth will be diagnosed based on the JES 
classification (Table  1). Specifically, Type B2 vessels are 
defined as abnormal microvessels with severe irregular-
ity or highly dilated abnormal vessels without loop-like 
formation." Since previous studies have shown that inter-
observer and intraobserver agreements for the JES classi-
fication were sufficient [11, 12], a central judgment of the 
JES classification is considered unnecessary in this study. 
However, typical endoscopic images of Type B2 vessels 
were confirmed before the study. Type B2 vessel is evalu-
ated where ulcer or erosion is not observed to avoid the 
effect of B2-mimicking vessels that appear by inflamma-
tion [13].

Hypothetical depth evaluation
Before initiating the study, we verified the sizes of biopsy 
forceps available in the market and gained an under-
standing of the forceps sizes used at each facility. Based 
on this information, the area of the type B2 vessel will be 
measured in millimeters using the forceps size as a guide. 
Measurements < 1 mm will be rounded to 1 mm. If Type 
B2 vessels are present in multiple areas, then the largest 
area will be recorded. Macroscopic types are defined fol-
lowing the Treatment Guidelines for Esophageal Cancer 
[14, 15]. Namely, 0-I is defined as a protruding lesion that 
is ≥ 1 mm in height, and 0-III is a depressed lesion that is 
estimated to reach the muscularis mucosa or deeper.

The criteria for judging tumor invasion depth are dis-
cussed multiple times by the JES superficial esopha-
geal cancer depth diagnosis criteria study group, and 
a consensus is reached (Table  2). The anticipated high 

diagnostic concordance using biopsy forceps as a refer-
ence led to the omission of central evaluation in this 
study.

1.	 A Lesion with a Type B2 vessel area of ≤ 4  mm is 
diagnosed as cEP/LPM.

2.	 A lesion with a Type B2 vessel area of ≥ 10  mm is 
diagnosed as cSM2-3.

3.	 I and/or 0-III macroscopic types of the Type B2 ves-
sel area are diagnosed as cSM2-3.

4.	 When conflicting findings of a B2 vessel area 
of ≤ 4  mm and 0-I/0-III or Type B2 vessel area are 
observed in one Type B2 vessel area, the lesion is 
diagnosed as cSM2-3.

5.	 When multiple Type B2 vessel areas are observed, the 
depth is determined based on the deepest finding. 
Specifically, the order of adoption is 0-I/0-III of Type 
B2 vessel area, the size of B2 vessel area ≥ 10 mm, the 
size of Type B2 vessel area between 4 and 10  mm, 
and the size of Type B2 vessel area ≤ 4 mm.

Treatment
Endoscopic resection or esophagectomy should be per-
formed within 12 weeks of upper gastrointestinal endos-
copy to minimize the effect of treatment delay on tumor 
invasion depth. It is considered a protocol deviation if the 
duration is > 12 weeks.

Histological evaluation
After endoscopic resection, the specimens will be dis-
sected at 2–3  mm intervals, and the histological tumor 
invasion depth will be determined. In surgical cases, the 
specimens will be dissected at intervals of 3 mm when-
ever possible. Histological diagnoses will be made based 
on the Treatment Guidelines for Esophageal Cancer [14, 
15]. The tumor invasion depth is defined as follows: pEP, 
cancer remains within the epithelium; pLPM, cancer 

Table 2  Criteria for hypothetical depth diagnosis

MM Muscularis mucosa, SM1 Upper third of the submucosal layer, EP/LPM 
Epithelial/lamina propria
a Additional findings are B2 vessel area ≤ 4 mm, B2 vessel area ≥ 10 mm, and 
macroscopic type 0-I/0-III in B2 vessel area

Corresponding 
tumor invasion 
depth

B2 vessel area ≤ 4 mm EP, LPM

B2 vessel area between 4–10 mm without addi-
tional findingsa

MM, SM1

B2 vessel area ≥ 10 mm or macroscopic type 0-I/0-
III in B2 vessel area

SM2-3
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remains within the lamina propria; pMM, cancer invades 
the muscularis mucosa; pSM1, cancer remains within 
200 μm of the submucosa from the muscularis mucosa; 
and pSM2, cancer invades beyond 200 μm into the sub-
mucosa. Desmin immunostaining is recommended for 
evaluating the muscularis mucosae.

Esophageal squamous cell carcinoma is a disease 
encountered daily and is not difficult to diagnose. The 
handling of specimens is also described in detail in the 
esophageal cancer handling guidelines; therefore, it 
is assumed that there is a slight variation in diagnosis 
between facilities. Therefore, in this study, pathological 
diagnosis is used to determine the histological depth of 
esophageal cancer, and no central judgment is performed.

Registration and data collection
After obtaining written consent from the participants, 
the trial physicians will register the case on the web built 
into the UMIN Internet data and information system 
for clinical and epidemiological research, cloud version 
(UMIN INDICE cloud, https://​www.​umin.​ac.​jp/​indice/​
cloud.​html). Participants will be assigned a deidentified 
number. Data will be collected and stored in the UMIN 
INDICE cloud using an electronic case record form.

The following data will be collected at the time of reg-
istration in a prospective manner: duration of endoscopic 
observation, model of endoscope used, tumor location, 
tumor size, macroscopic type, number of areas where 
type B2 vessels are observed, size of type B2 vessel areas, 
and macroscopic type of type B2 vessel areas. The fol-
lowing data will be collected after registration: treatment 
method, en bloc or piecemeal resection, histological 
type, histological tumor size, size of the resected speci-
men, histological tumor invasion depth, lymphatic inva-
sion, vascular invasion, resection margin, and presence of 
lymph node metastasis.

Endpoints
Primary endpoint
This study’s primary endpoint is accuracy, defined as 
the proportion of cases in which the preoperative depth 
diagnosis matches the histological depth diagnosis after 
resection.

Secondary endpoints
The secondary endpoints include the following: the pro-
portion of pSM2-3 when the area in which B2 vessels are 
observed is > 10 mm, the proportion of pSM2-3 when the 
macroscopic type of the observed B2 vessel area is 0-I or 
0-III, the proportion of pSM2-3 when the area in which 
B2 vessels are observed is > 10  mm or the macroscopic 
type is 0-I or 0-III, the proportion of pEP/LPM when the 
area in which B2 vessels are observed is < 4  mm, PPV, 

sensitivity, specificity, likelihood ratio, a relation between 
the size of the B2 vessel area and the histological tumor 
invasion depth, a relation between the number of B2 ves-
sel areas and the histological tumor invasion depth, and 
the relationship between the macroscopic type of the B2 
vessel area and histological tumor invasion.

Furthermore, if the proportion of pSM2-3 when the 
area in which B2 vessels are observed is > 10  mm, the 
proportion of pSM2-3 when the macroscopic type of the 
observed B2 vessel area is 0-I or 0-III, and the propor-
tion of pEP/LPM when the area in which B2 vessels are 
observed is < 4 mm exceeds 50%, these findings are con-
sidered to have an impact on the clinical diagnosis and 
are therefore included as secondary endpoints.

Sample size calculation
Following a review of retrospective studies, the PPV for 
diagnosing cMM/SM1 using the JES classification was 
55.7% [3]. In addition, a recent prospective study showed 
that the PPV of cMM/SM1 was 47% [13]. Because the 
PPV for cMM/SM1 based on the standard-depth evalua-
tion is calculated using the same formula as that used for 
the accuracy, the accuracy for cMM/SM1 based on this 
study’s standard-depth evaluation is set at 50%. Because 
the accuracy was 77.7% in a previous study when con-
sidering the size of the B2 vessel area [13], it is assumed 
that considering the size and morphological type of the 
B2 vessel area would result in an improved accuracy of 
at least 15% in this study. The research group agreed that 
a 15% improvement in accuracy is clinically meaning-
ful for improving the preoperative evaluation of tumor 
invasion depth. Therefore, assuming that the accuracy 
for the hypothetical-depth assessment is 65%, which is 
obtained by adding a 15% improvement to the accuracy 
of the standard-depth evaluation of 50%, when consider-
ing the size and morphological type of the B2 vessel area, 
the required lesion number is determined using an accu-
rate test for the binomial distribution with a two-sided 
alpha error of 0.05, power of 90%, and the required lesion 
number of 121 lesions. After considering a dropout rate 
of approximately 10%, the necessary lesion number is cal-
culated as 135.

Planned statistical analyses
The main analysis for the primary endpoint, which is 
performed after all data associated with the endpoint 
are fixed after registration, aims to verify whether the 
accuracy can be improved by considering the size and 
macroscopic type of the B2 vessel area in addition to the 
standard-depth evaluation based on the JES classifica-
tion. Suppose the diagnostic accuracy of the standard-
depth assessment is statistically improved compared 
with that of the standard-depth evaluation. In that case, 

https://www.umin.ac.jp/indice/cloud.html
https://www.umin.ac.jp/indice/cloud.html
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we will conclude that the hypothetical-depth review is a 
more useful diagnostic method. Suppose the accuracy of 
the hypothetical-depth evaluation does not significantly 
exceed that of the standard-depth evaluation. In that 
case, it can be concluded that standard-depth evaluation 
remains a useful diagnostic method. The overall two-
sided significance level is set at 5%.

Analysis of the primary endpoint
The calculation formula for the standard-depth evalu-
ation is: (lesions diagnosed as cMM/SM1 and pMM/
SM1 [B]) / (total lesions [A + B + C]) (Table  3), and for 
the depth evaluation, [(lesions diagnosed as cEP/LPM 
and pEP/LPM [a]) + ((lesions diagnosed as cMM/SM1 

and pMM/SM1 [e]) + (lesions diagnosed as cSM2-3 and 
pSM2-3 [i]))] / (total lesions [a + b + c + d + e + f + g + h + 
i]) (Table 4). A point estimate is calculated for accuracy, 
and a 95% confidence interval is calculated based on the 

exact binomial distribution. The corresponding p-value is 
also calculated.

Analysis of proportion
A confidence interval is calculated based on the exact 
binomial distribution.

Analysis of PPV, sensitivity, and specificity
For cases where the histological tumor invasion depth is 
obtained after endoscopic resection or esophagectomy, 
the PPV, sensitivity, and specificity will be calculated as 
described above, and p-values will be calculated using 
Fisher’s exact test, if necessary.

The PPV of the standard-depth evaluation is calcu-
lated for cMM/SM1 as follows:

1.	 cMM/SM1

The PPV in the hypothetical-depth evaluation will 
be calculated for cEP/LPM, cMM/SM1, and cSM2-3 as 
follows:

1.	 cEP/LPM

2.	 cMM/SM1

3.	 cSM2-3

PPV(%) = (number of lesions diagnosed as cMM/SM1 and positive for pMM/SM1)

/(total number of lesions diagnosed as cMM/SM1)

× 100 = B/(A+ B+ C)× 100

PPV (%) = (number of lesions diagnosed as cEP/LPM and positive for pEP/LPM)

/(total number of lesions diagnosed as cEP/LPM)× 100 = a/(a+ b+ c)

PPV (%) = (number of lesions diagnosed as cMM/SM1 and positive for pMM/SM1)

/(total number of lesions diagnosed as cMM/SM1)× 100 = d/(d+ e+ f).

PPV(%) = (number of lesions diagnosed as cSM2− 3 and pSM2− 3)

/(total number of lesions diagnosed as cSM2− 3)

× 100 = i/(g+ h+ i)

Table 3  Relationship between standard depth evaluation and histological depth diagnosis

Accuracy of standard− depth evaluation (%)

= (number of lesions diagnosed as cMM/SM1 and confirmed as pMM/SM1)/(total number of lesions)× 100 
= [B]/[A+ B+ C]x100

MM Muscularis mucosa, SM1 Upper third of the submucosal layer, EP/LPM Epithelial/lamina propria

pEP/LPM pMM/SM1 pSM2-3

cMM/SM1 (B2 vessel) A B C
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The sensitivity and specificity of cEP/LPM, cMM/
SM1, and cSM2-3 will be calculated for depth evalua-
tion as follows:

1.	 cEP/LPM

2.	 cMM/SM1

3.	 cSM2-3

Sensitivity (%) = (number of lesions diagnosed as cEP/LPM and confirmed as pEP/LPM)

/(number of lesions confirmed as pEP/LPM)× 100 = a/(a+ d+ g)× 100

Specificity(%) = (number of lesions not diagnosed as cEP/LPM and confirmed as pEP/LPM)

/(number of lesions not confirmed as pEP/LPM)× 100

= (e+ h+ f+ i)/(b+ e+ h+ c+ f+ i)× 100

Sensitivity(%) = (number of lesions diagnosed as cMM/SM 1 and confirmed as pMM/SM1)

/(number of lesions confirmed as pMM/SM1)× 100 = e/(b+ e+ h)× 100

Specificity (%) = (number of lesions not diagnosed as cMM/SM1 and confirmed as pMM/SM1)

/(number of lesions not confirmed as pMM/SM1)× 100

= (a+ g+ c+ i)/(a+ d+ g+ c+ f+ i)× 100

Sensitivity(%) = (number of lesions diagnosed as cSM2− 3 and confirmed as pSM2− 3)

/(number of lesions confirmed as pSM2− 3)× 100 = i/(c+ f+ i)× 100

Specificity (%) = (number of lesions not diagnosed as cSM2− 3 and confirmed as pSM2− 3)

/(number of lesions not confirmed as pSM2− 3)× 100

= (a+ d+ b+ e)/(a+ d+ g+ b+ e+ h)× 100

Analysis of likelihood ratios
For cases in which the histological tumor invasion depth 
is obtained after endoscopic resection or esophagec-
tomy, the likelihood ratios will be calculated as sensitiv-
ity / (1-specificity) for each additional finding, such as B2 

vessel area ≤ 4 mm, B2 vessel area ≥ 10 mm, and macro-

scopic type 0-I/0-III in the B2 vessel area.

Table 4  Relationship between hypothetical depth evaluation and histological depth diagnosis

a Additional findings: B2 vessel area ≤ 4 mm, B2 vessel area ≥ 10 mm, macroscopic type 0-I/0-III in B2 vessel area
Accuracy of hypothetical− depth evaluation (%)

= ([number of lesions diagnosed as cEP/LPM and confirmed as pEP/LPM)+(number of lesions diagnosed as cMM/SM1 and confirmed as pMM/SM1)+
(number of lesions diagnosed as cSM2 or deeper and confirmed as pSM2 or deeper])/(total number of lesions)× 100.

= (a+ e+ i)/(a+ b+ c+ d+ e+ f+ g+ h+ i)x100
MM muscularis mucosa, SM1 upper third of the submucosal layer, EP/LPM epithelial/lamina propria

pEP/LPM pMM/SM1 pSM2-3

cEP/LPM (B2 vessel area ≤ 4 mm) a b c

cMM/SM1 (B2 vessel area between 4–10 mm without additional 
findingsa)

d e f

cSM2-3 (B2 vessel area ≥ 10 mm or macroscopic type 0-I/0-III in B2 vessel 
area)

g h i
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Relation between size of B2 vessel area and histological 
tumor invasion depth
For cases in which the histological tumor invasion depth 
is obtained after endoscopic resection or esophagectomy, 
a paired-samples t-test will be performed to reject the 
null hypothesis test, which is whether the two groups 
of pEP/LPM and pMM/SM1 are equal in size of the 
observed B2 vessel area. The pMM/SM1 and pSM2-3 
groups will use the same test. The cut-off value will be 
calculated based on the receiver operating characteristic 
(ROC) curve.

Relation between the number of observed B2 blood vessel 
areas and histological depth
For lesions in which a histological depth diagnosis is 
obtained through endoscopic resection or esophagectomy, 
we will also examine the number of observed B2 blood 
vessel areas (single location vs. multiple locations) between 
the two groups: pEP/LPM and pMM/SM1 and pMM/SM1 
and pSM2-3. Fisher’s exact test using p-values for contin-
gency tables will be used for intergroup comparisons.

Relation between macroscopic type of B2 vessel area and 
histological tumor invasion depth
We will focus on macroscopic types 0-I and 0-III of the 
observed B2 vascular areas and calculate p-values using 
Fisher’s exact test for tables concerning pMM/SM1 and 
pSM2-3, respectively.

Discussion
Tumor invasion depth significantly impacts the selec-
tion of treatment for superficial esophageal cancer. 
Diagnosing preoperative tumor invasion depth is para-
mount because physical invasiveness significantly dif-
fers among treatments. However, the diagnostic yield of 
the JES classification for preoperative depth diagnosis is 
insufficient, particularly for cMM/SM1 cancer. A multi-
center prospective study evaluating the diagnostic value 
of endoscopic ultrasonography (EUS) after magnifying 
endoscopy showed that adding EUS did not improve the 
accuracy of the tumor invasion depth diagnosis [16, 17]. 
This prospective study can establish a new approach for 
preoperative tumor invasion depth diagnosis based on 
high-level evidence, ultimately optimizing the process of 
diagnosing cT1 esophageal cancer.

Improving the PPV of cMM/SM1 is a pressing concern 
in the JES magnifying endoscopic classification. However, 
this study designated the PPV as a secondary endpoint 
because special attention is required when evaluating its 
improvement. There are specific patterns in which the 
overall diagnostic performance may deteriorate even if 
the PPV shows improvement. For instance, the PPV may 

increase when categorizing low-confidence cases as cEP/
LPM or cSM2-3 instead of cMM/SM1, but the overall 
diagnostic performance may decrease. Therefore, we set 
accuracy as the primary endpoint for monitoring diag-
nostic performance. Nevertheless, even if the primary 
endpoint shows significant improvement, the clinical sig-
nificance of considering the size and macroscopic type of 
the B2 vessel area is limited if the PPVs are substantially 
lower in the hypothetical-depth evaluation than in the 
standard-depth evaluation. Therefore, we will interpret 
the study results after confirming a higher percentage 
of PPVs for cMM/SM1 through the hypothetical-depth 
review compared with the standard-depth evaluation.

Suppose the effectiveness of considering the size and 
macroscopic type of the B2 vessel area in the accuracy of 
tumor invasion depth diagnosis is verified. In that case, 
the current JES classification can be further subdivided, 
enabling the selection of more appropriate treatments for 
patients with superficial esophageal cancer. However, the 
expected clinical effect cannot be achieved if the effec-
tiveness is not confirmed. Therefore, candidate findings 
can still be identified, and exploratory analyses can be 
conducted to examine the relationship between the size 
of the B2 vessel area and tumor invasion depth. In addi-
tion, the optimal cut-off value reflecting tumor invasion 
depth can be reevaluated using data from this prospec-
tive study in future verification trials.

This study design has several limitations. First, this 
prospective study has an observational design. The effec-
tiveness of the additional findings can be confirmed; 
however, their clinical effects cannot be fully elucidated 
in this study. For instance, the extent to which treatment 
modalities have been altered based on the insights gained 
in this study and whether there are differences in subse-
quent outcomes remain unclear. To demonstrate this, a 
randomized controlled trial (RCT) with two groups–one 
using standard-depth evaluation and the other using 
hypothetical-depth evaluation–is necessary. However, 
conducting an RCT is not feasible due to the physically 
and mentally invasive nature of such a trial, which would 
be unacceptable as regards ethical standards. Second, 
we will only include patients with superficial esophageal 
cancer diagnosed with cMM/SM1 based on the B2 ves-
sel. Ideally, when evaluating the comprehensive diagnos-
tic performance, cases of cEP/LMP and cSM2-3 should 
also be included. However, most cases in our dataset are 
cEP/LPM, and the PPV of cEP/LPM has been shown as 
excellent in previous studies. Given the limited resources 
available for this study, we focus on cMM/SM1 cases.

Collecting reliable clinical data through the Japan 
BEES study may provide interesting insights into the JES 
magnifying endoscopic classification, specifically the 
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B2 vessel category. These insights could be valuable for 
clinical decision-making and may facilitate the adoption 
of more appropriate evidence-based medical practices. 
Third, in actual clinical practice, comprehensive judg-
ments involving exploratory submucosal injection, EUS, 
computed tomography, and other modalities are likely 
used to determine tumor depth. Therefore, caution is 
needed in extrapolating clinical effectiveness based solely 
on the results of this study.

Trial status
Current protocol, version 1.2, issue date 6.5.2023. 
Recruitment started on 16.6.2023 and is planned to be 
completed on 5.2025.

Abbreviations
ER	� Endoscopic resection
cT1a	� Clinical T1a
CRT​	� Chemoradiotherapy
cT1b	� Clinical T1b
OS	� Overall survival
pT1a	� Pathological T1a
pT1b	� Pathological T1b
EP/LPM	� Epithelial/lamina propria
MM	� Muscularis mucosa
SM	� Submucosal invasive cancer
JES	� Japan Esophageal Society
PPV	� Positive predictive value
UMIN-CTR​	� Clinical Trials Registry of University Hospital Medical Information 

Network
ECOG	� Eastern Cooperative Oncology Group

Acknowledgements
Not applicable.

Authors’ contributions
RI conceived the study. RI, MY, FS, TY, TK, DH, MT, and YU initiated and imple-
mented the study. KM provided statistical expertise in the clinical trial design 
and conducted the primary statistical analysis. All authors contributed to the 
refinement of the study protocol. All the authors have read and approved the 
final version of the manuscript.

Funding
This study did not receive specific grants from public, commercial, or not-for-
profit funding agencies. This trial will be conducted as a daily clinical practice.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author, MY, upon reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Ethical Review Board of the Shizuoka 
Cancer Center (approval number: T2022-53–2022-1–2). Written informed 
consent will be obtained from all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Division of Endoscopy, Shizuoka Cancer Center, Shizuoka, Japan. 2 Clinical 
Research Center, Shizuoka Cancer Center, Shizuoka, Japan. 3 Gastrointestinal 
Endoscopy and Medicine, Hiroshima University Hospital, Hiroshima, Japan. 
4 Department of Gastroenterology, Sendai Kousei Hospital, Miyagi, Japan. 
5 Digestive and Lifestyle Diseases, Kagoshima University Graduate School 
of Medical and Dental Sciences, Kagoshima, Japan. 6 Division of Gastroen-
terology and Hepatology, Nagaoka Red Cross Hospital, Nagaoka, Japan. 
7 Department of Gastroenterology and Endoscopy, National Cancer Center 
Hospital East, Chiba, Japan. 8 Department of Gastroenterology, Cancer Institute 
Hospital, Tokyo, Japan. 9 Endoscopy Division, National Cancer Center Hospital, 
Tokyo, Japan. 10 Department of Gastroenterology and Hepatology, Center 
for Digestive and Liver Diseases, Nara City Hospital, Nara, Japan. 11 Department 
of Gastroenterology, Shizuoka General Hospital, Shizuoka, Japan. 12 Depart-
ment of Gastroenterology, Fukuoka University Chikushi Hospital, Fukuoka, 
Japan. 13 Department of Gastroenterology, Keiyukai Daini Hospital, Hokkaido, 
Japan. 14 Department of Gastrointestinal Oncology Osaka International Cancer 
Institute, Osaka, Japan. 

Received: 27 September 2023   Accepted: 16 January 2024

References
	1.	 Ajani JA, D’Amico TA, Bentrem DJ, Cooke D, Corvera C, Das P, et al. 

Esophageal and esophagogastric junction cancers, version 2.2023, 
NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw. 
2023;21:393–422.

	2.	 Watanabe M, Toh Y, Ishihara R, Kono K, Matsubara H, Murakami K, et al. 
Comprehensive registry of esophageal cancer in Japan, 2014. Esophagus. 
2022;19:1–26.

	3.	 Ishihara R, Arima M, Iizuka T, Oyama T, Katada C, Kato M, et al. Endoscopic 
submucosal dissection/endoscopic mucosal resection guidelines for 
esophageal cancer. Digest Endosc. 2020;32:452–93.

	4.	 Kitagawa Y, Ishihara R, Ishikawa H, Ito Y, Oyama T, Oyama T, et al. Esopha-
geal cancer practice guidelines 2022 edited by the Japan esophageal 
society: part 1. Esophagus. 2023;20:343–72.

	5.	 Minashi K, Nihei K, Mizusawa J, Takizawa K, Yano T, Ezoe Y, et al. Efficacy 
of endoscopic resection and selective chemoradiotherapy for stage I 
esophageal squamous cell carcinoma. Gastroenterology. 2019;157:382–
90 (e3).

	6.	 Oyama T, Inoue H, Arima M, Momma K, Omori T, Ishihara R, et al. Predic-
tion of the invasion depth of superficial squamous cell carcinoma based 
on microvessel morphology: magnifying endoscopic classification of the 
Japan Esophageal Society. Esophagus. 2017;14:105–12.

	7.	 Tanaka I, Hirasawa D, Saito H, Matsuda T, Nakahori M, Maeda Y, et al. 
The sub-classification of type B2 vessels according to the magnifying 
endoscopic classification of the Japan Esophageal Society. Digest Endosc. 
2020;32:49–55.

	8.	 Kimura H, Yoshida M, Tanaka M, Kawata N, Kakushima N, Takizawa K, et al. 
Preoperative indicators of misdiagnosis in invasion depth staging of 
esophageal cancer: Pitfalls of magnifying endoscopy with narrow-band 
imaging. Digest Endosc. 2020;32:56–64.

	9.	 Brierley JD, Gospodarowicz MK, Wittekind C. TNM classification of malig-
nant tumours. Wiley. 2017.

	10.	 Sok M, Zavrl M, Greif B, Srpčič M. Objective assessment of WHO/ECOG 
performance status. Support Care Cancer. 2019;27:3793–8.

	11.	 Mizumoto T, Hiyama T, Quach DT, Sanomura Y, Urabe Y, Oka S, et al. Mag-
nifying endoscopy with narrow band imaging in estimating the invasion 
depth of superficial esophageal squamous cell carcinomas. Digestion. 
2018;98:249–56.

	12.	 Kim SJ, Kim GH, Lee MW, Jeon HK, Baek DH, Lee BE, et al. New magnify-
ing endoscopic classification for superficial esophageal squamous cell 
carcinoma. World J Gastroenterol. 2017;23:4416–21.

	13.	 Gotoda T, Hori K, Nakagawa M, Kobayashi S, Toyokawa T, Ishiyama S, et al. 
A prospective multicenter study of the magnifying endoscopic evalua-
tion of the invasion depth of superficial esophageal cancers. Surg Endosc. 
2022;36:3451–9.

	14.	 Japan ES. Japanese classification of esophageal cancer, 11th edition: part 
I. Esophagus. 2017;14:1–36.



Page 10 of 10Yoshida et al. BMC Gastroenterology           (2024) 24:50 

	15.	 Japan ES. Japanese classification of esophageal cancer, 11th edition: part 
II and III. Esophagus. 2017;14:37–65.

	16.	 Ishihara R, Mizusawa J, Kushima R, Matsuura N, Yano T, Kataoka T, et al. 
Assessment of the diagnostic performance of endoscopic ultrasonogra-
phy after conventional endoscopy for the evaluation of esophageal squa-
mous cell carcinoma invasion depth. JAMA Netw Open. 2021;4:e2125317.

	17.	 Inoue T, Ishihara R, Shibata T, Suzuki K, Kitagawa Y, Miyazaki T, et al. 
Endoscopic imaging modalities for diagnosing the invasion depth of 
superficial esophageal squamous cell carcinoma: a systematic review. 
Esophagus. 2022;19:375–83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Evaluating the usefulness of considering the size and morphological type of type B2 vessel area based on Japan Esophageal Society classification in estimating tumor invasion depth in superficial esophageal squamous cell carcinomas: study protocol for a pr
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Study design
	Study population
	Inclusion criteria
	Exclusion criteria

	Tumor invasion depth evaluation
	Standard depth evaluation
	Hypothetical depth evaluation

	Treatment
	Histological evaluation
	Registration and data collection
	Endpoints
	Primary endpoint
	Secondary endpoints

	Sample size calculation
	Planned statistical analyses
	Analysis of the primary endpoint
	Analysis of proportion
	Analysis of PPV, sensitivity, and specificity
	Analysis of likelihood ratios
	Relation between size of B2 vessel area and histological tumor invasion depth
	Relation between the number of observed B2 blood vessel areas and histological depth
	Relation between macroscopic type of B2 vessel area and histological tumor invasion depth


	Discussion
	Trial status
	Acknowledgements
	References


