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Abstract

Background—Endoscopic radiofrequency ablation (RFA) appears a safe and effective treatment 

for flat-type non-invasive squamous neoplasia of the esophagus. However, if RFA is applied to 

lesions containing invasive cancer (ESCC) histological features associated with lymph node 

metastases may remain undetected. In addition, extension of neoplasia down the ducts of 

esophageal submucosal glands (SMGs) may create a sheltered ‘niche’ beyond the reach of 

ablation.

Objective—To determine the RFA eligibility of flat-type ESCC.

Design—Retrospective analysis of prospectively collected data of ESCC patients.

Setting—National Cancer Center Hospital, Tokyo, Japan.

Patients—Patients with flat-type ESCC >3cm removed by endoscopic submucosal dissection 

(ESD).

Interventions—Three endoscopists involved in RFA studies in China reviewed endoscopic 

images to select lesions eligible for RFA. Corresponding ESD resection specimens were 

histologically examined.

Corresponding Author: Jacques J. Bergman, MD, PhD, Department of Gastroenterology and Hepatology, Academic Medical Center, 
Meibergdreef 9, 1105 AZ Amsterdam, the Netherlands.
*Drs Jansen and Schölvinck share first authorship.
†Drs Bergman and Oda share senior authorship.

HHS Public Access
Author manuscript
Gastrointest Endosc. Author manuscript; available in PMC 2018 January 11.

Published in final edited form as:
Gastrointest Endosc. 2014 December ; 80(6): 995–1002. doi:10.1016/j.gie.2014.09.004.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Main outcome measurements—Presence of poor histological features (i.e. ≥m3-invasion; 

poor tumor differentiation; or lymphovascular invasion) and the number of involved esophageal 

SMGs and ducts.

Results—65 lesions were included of which 17 (26%) qualified as RFA eligible by RFA 

endoscopists. Inter-observer agreement for this assessment was poor (κ 0.09). Six of the 17 

specimens (35%) showed relevant disease: 4 lesions invaded into the muscularis mucosae of which 

one also showed lymphovascular invasion; two lesions showed extension of neoplasia into SMGs.

Limitations—Limited number of cases. RFA eligibility status was based on analysis of still 

images.

Conclusions—One third of flat-type ESCC, deemed eligible for RFA, demonstrated histological 

features that are considered (relative) contraindications for endoscopic treatment. As it appears 

difficult for endoscopists to identify low-risk ESCC, conservative use of RFA for flat-type ESCC 

is advocated until long-term follow-up data are available.
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Introduction

Although the incidence of esophageal adenocarcinoma (EAC) is rising rapidly in the 

Western world, 80% of esophageal carcinomas occur in other parts of the world, where 90% 

of cases are esophageal squamous cell carcinoma (ESCC). Especially in South- and Eastern-

Africa, central Asian countries, and parts of China, with regional incidences in excess of 100 

per 100.000 person-years, ESCC is far more prevalent than in the West [1].

When diagnosed at a symptomatic stage the prognosis of esophageal squamous cell cancer is 

poor, as lymph node metastasis (LNM) and distant metastasis are frequently present. The 

prognosis is favorable when ESCC or its precursor lesion – intra-epithelial neoplasia (IEN) – 

is detected at an early, generally asymptomatic stage. This early stage can be identified at 

endoscopy and detection is enhanced by chromoendoscopy with Lugol’s iodine staining. In 

normal esophageal squamous cell epithelium, iodine reversibly binds to the intracellular 

glycogen causing a brown stained mucosa. In contrast, squamous neoplastic cells contain 

little glycogen and therefore appear as unstained lesions (USLs).

The risk of lymph node metastasis (LNM) in ESCC is the key factor determining treatment 

strategies and is linked to the depth of tumor invasion. In IEN (T1m1) and ESCC limited to 

the lamina propria (T1m2) the risk of LNM is <5%. This marginal risk is deemed acceptable 

for endoscopic therapy. Lesions invading into the muscularis mucosa (T1m3) or superficial 

submucosa (T1sm1) carry a higher risk of distant LNM and are considered “borderline 

lesions”: the choice between endoscopic treatment or surgery should be individualized and 

discussed in a multidisciplinary setting in centers with a tertiary referral function for 

esophageal cancer.. Lesions infiltrating into the deep submucosa (≥T1sm2) are not eligible 

for curative endoscopic treatment [2, 3]. On endoscopy, protruding and excavated lesions 

(Paris classification type 0-I and 0-III, respectively) harbor a >90% risk of submucosal 
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invasion; in flat-type lesions (Paris type 0-IIa; 0-IIb or 0-IIc) this risk is estimated around 

15% [4].

Endoscopic submucosal dissection (ESD) is currently considered the treatment of choice for 

those cases where curative endoscopic treatment is attempted. En-bloc resection of large 

neoplastic areas by ESD allows accurate histopathological staging and grading, but is 

technically demanding and has a long learning curve [5]. In Japan and Korea, en-bloc 

resection of large neoplastic areas with ESD is well established but the same level of 

expertise is not widely available elsewhere. Furthermore, esophageal ESD is associated with 

a significant risk of perforation, and stricture formation occurs in case of larger resections 

(i.e. >75% of esophageal circumference) [6]. Radiofrequency ablation (RFA) is a safe and 

effective treatment of Barrett’s esophagus with or without dysplasia [7, 8]. RFA is 

potentially a less demanding alternative for ESD in the treatment of flat squamous cell 

neoplasia. This is particularly attractive in those regions (such as Sub-Saharan Africa and the 

Far East) that have high incidences of early squamous neoplasia, but lack a high level of 

ESD expertise. Recent studies on RFA in these patients suggest that this technique is safe 

and effective for flat type squamous neoplasia, although studies are small-sized, have mainly 

enrolled T1m1-lesions and follow-up remains short [9, 10].

The main drawback of RFA is that it precludes histopathological examination of the ablated 

lesion. RFA appears therefore most efficacious in patients with low (i.e. <5 %) risk of LNM 

in whom the benefits of ESD do not outweigh its risks. At this point however, the exact rate 

of poor histological features lost to pathology work-up by ablative treatment of flat-type 

early ESCC is not known. In addition, extension of neoplastic disease along mucosal 

surfaces into gland orifices and ducts of esophageal submucosal glands has previously been 

reported in ESCC [11, 12]. However, this has only been done in esophagectomy specimens, 

and not for early type lesions. Extension of neoplastic epithelium along pre-existent ductal 

linings into the submucosa may create a ‘niche’ for neoplastic epithelium beyond the reach 

of ablative treatment.

In this study we therefore set out to define the occurrence of poor histological features in 

patients with extensive (> 3cm), flat-type ESCC deemed eligible for ablative treatment. 

Secondly, we recorded the pattern of neoplastic ductal extension in ESD specimens of 

lesions considered eligible for ablative therapy and related the extent of ductal involvement 

to stage of disease.

Methods

Patient selection

Study patients were identified from a prospectively collected database containing all 

consecutive patients with esophageal cancer discussed in the multidisciplinary meeting at 

the National Cancer Center Hospital (NCCH) in Tokyo, Japan. We selected all patients in 

the database that had undergone an ESD for flat or slightly depressed ESCC (Paris type 0-

IIb or 0-IIc respectively, as scored by local endoscopists). Lesions showing partly elevated or 

excavated features were not included in the study. Only en bloc resections with a minimum 

diameter of 3 cm (as measured on the fixed specimen in the pathology department) were 
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included in this analysis. All consecutive lesions meeting these inclusion criteria between 

January 2008 and December 2012 were included. The Internal Review Board granted 

exemption from approval for this study.

Endoscopic resection and histology processing

All ESD procedures and prior mapping endoscopies were performed according to local 

protocol with GIF-H260, GIF-H260Z or GIF-Q260J endoscopes (Olympus Medical Systems 

Co, Ltd, Tokyo, Japan) using a standard video endoscopy processor (EVIS Lucera; Olympus 

Medical Systems Co, Ltd, Tokyo, Japan). First, the lesion was demarcated by placing 

coagulation dots with the Dual-knife (Olympus Medical Systems Co, Ltd, Tokyo, Japan). 

The lesion was then lifted with 0.4% sodium hyaluronate (MucoUp; Johnson & Johnson Co, 

Ltd, Tokyo, Japan) diluted with normal saline and a minute amount of epinephrine and 

indigo carmine dye. An initial incision with the Dual-knife was made, followed by the 

circumferential mucosal incision around the coagulation markings with the IT-knife-2 or IT-

knife nano (Olympus Medical Systems Co, Ltd, Tokyo, Japan). After additional submucosal 

injections, the submucosal layer was dissected with the IT-knife-2 or IT-knife nano.

All specimens retrieved were processed uniformly according to standard pathology 

protocols. In brief, ESD specimens were pinned down on corkboards and fixed overnight in 

10% buffered formalin. Fixed specimens were photographed and cut at regular 2 mm 

intervals and embedded in paraffin. Slides and stainings were prepared using routine 

histology protocols.

Review of endoscopic images for the selection of RFA eligible lesions

All images acquired during the endoscopic treatment of the selected lesions were stored in a 

dedicated database. From the collection of images contained within this database, the team 

of endoscopists that had performed the ESD procedures in Japan selected a set of images in 

conventional white light imaging, with narrow-band imaging (NBI) and after Lugol spraying 

that best represented each individual lesion. A median of 3 images were selected for each 

modality. Two endoscopists, with extensive experience in RFA for ESCC [9,10], reviewed 

the set of representative images contained within each individual patient’s case record file 

and independently assessed eligibility for RFA treatment. Reviewing endoscopists were 

blinded to previous endoscopic assessment, mapping pathology, and final pathology work-

up. ESCC lesions deemed eligible for RFA by both primary reviewers (BW and DF) were 

taken further without secondary review. All lesions selected by either of one of the primary 

endoscopists were presented to a third endoscopist with experience in RFA for ESCC (JB) 

for final RFA eligibility classification.

Histology review

The corresponding histology slides of all ESD specimens were retrieved from the pathology 

archives at the NCCH and reviewed by two GI-pathologists blinded to endoscopic 

classification. Deeper histological cuts were not prepared to ensure that every specimen was 

sampled uniformly for size. Specimens were assessed for maximum depth of invasion, 

lymphovascular invasion (LVI), and tumor differentiation grade. Depth of invasion was 

scored as follows: ‘m1’ for high-grade dysplasia or ‘in situ’ carcinoma; ‘m2’ for tumors 
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invading the lamina propria; ‘m3’ for tumors in contact with or invading the muscularis 

mucosa; ‘sm1’ for tumors invading ≤200 μm into the submucosa; and ‘sm2’ for tumors 

invading >200 μm [13]. Tumor differentiation was assessed using the World Health 

Organization criteria as well-differentiated, moderately-differentiated, or poorly-

differentiated.

For the assessment of ductal extension, all submucosal glands (SMGs) and ducts were 

counted. Only non-cauterized, adequately evaluable SMGs and ducts with overlying atypical 

epithelium were counted. Extension of neoplastic epithelium in at least one duct or SMG 

was scored as evidence of ductal extension. The number of ducts and SMGs involved by 

neoplasia were counted separately. The maximum observed depth of ductal extension per 

specimen (either mucosal, submucosal or reaching into SMGs) was recorded. Ductal 

extension was not included in the depth of tumor invasion (i.e. m-stage), unless bona fide 

stromal invasion arising from ducts or SMGs was found.

Outcome parameters

Primary outcomes were: 1) the number of lesions with poor histological features amongst 

those ESCC lesions considered eligible for ablative treatment after panel review. Poor 

histological features were defined as m3 (tumors in contact with or invading the muscularis 

mucosa) invasion or beyond, poor tumor differentiation, or the presence of LVI; 2) the 

proportion of lesions with submucosal extension of neoplastic epithelium into esophageal 

ducts or glands amongst those ESCC lesions considered eligible for ablative treatment after 

panel review.

Secondary outcomes were: 1) the number of lesions with poor histological features or 

submucosal extension of neoplastic epithelium into esophageal ducts or glands in the non-

RFA cases; 2) the inter-observer agreement for flat ESCC among the panel of endoscopists 

with extensive experience in RFA.

Statistical analyses

The presence of histopathological findings was evaluated by frequency analysis; the Fisher’s 

exact probability test was used to calculate the P-values between the different groups for 

binary data, the X2 test (for trend) was used for ordinal data, and the independent T-test and 

Mann Whitney U test for continuous data. Inter-observer agreement was calculated using the 

Cohen’s kappa-value and interpreted according to the classification by Landis and Koch (0 

‘poor’ agreement; 0.00 – 0.20 ‘slight’ agreement; 0.21 – 0.40 ‘fair’ agreement; 0.41 – 0.60 

‘moderate’ agreement; 0.61 – 0.80 ‘substantial’ agreement; 0.81 – 1.00 ‘almost perfect’ 

agreement [14]. Data analysis was carried out by Statistical Software Package version 

20.0.0.1 (SPSS IBM, Chicago, Illinois, USA); P < 0.05 was considered significant.
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Results

Study population

Sixty-five patients with one lesion each met the initial selection criteria and were evaluated 

for eligibility for ablative treatment by the endoscopists panel. Table 1 shows the 

demographics and Table 2 shows the histological findings of the whole cohort.

Selection of lesions eligible for ablative treatment

Of the total study population of 65 ESCC lesions, 17 lesions were deemed eligible for RFA 

by the panel of endoscopists. There were no significant demographic differences between 

lesions selected and excluded as candidate lesions for ablative treatment (Table 1). The two 

primary endoscopy reviewers agreed upon inclusion of 7 cases and exclusion of 27 cases 

(n=34); disagreement was seen in 31 cases (κ 0.09 [95% CI: 0.00 – 0.26]). The third 

endoscopy reviewer scored 10 of these remaining 31 lesions as eligible for RFA, resulting in 

a total 17 cases deemed eligible for RFA by majority of vote; all other lesions were 

discarded as eligible candidates for ablative treatment (Table 3).

Histopathology in RFA eligible lesions

In four of 17 cases (24%) deemed eligible for RFA treatment poor histological features were 

found (Table 2). All four specimens contained T1m3 lesions. Additionally, in one of the 

specimens lymphovascular invasion was also present. Figure 1 illustrates an example of an 

extensive flat unstained lesion (USL) selected as a candidate for ablative treatment without 

the presence of poor histological features (top panel). The lower panel shows an example of 

an extensive flat USL considered eligible for ablative treatment; however histopathology of 

this lesion showed invasion into the muscularis mucosae (T1m3) as well as focal LVI.

In contrast, in 24 of 48 (50%) of the cases deemed ineligible for RFA poor histological 

features were identified. Although there was a trend towards a difference in the presence of 

poor histologic features between the cases considered eligible and ineligible as potential 

candidates for ablative treatment, these results did not reach statistical significance (p=0.09). 

Lesions deemed suitable for RFA did show less deep penetration of tumor compared to the 

ineligible cases (p=0.02), but no difference was found either in differentiation grade or in the 

presence of LVI.

Ductal extension

The ESD specimens showed a median number of 5 ducts (IQR 1 – 13) and 5 SMGs (IQR 0 

– 19). No esophageal ducts or SMGs were detected in 16 (25%) and 18 (28%) lesions, 

respectively. On the other hand, 25% of resected lesions showed ≥ 15 ducts in their ESD 

specimen. Thus, esophageal duct numbers varied widely between individual lesions. We 

found no correlation between duct number, ESD specimen size or localization within the 

esophagus.

In specimens considered eligible for RFA at least 1 duct or at least 1 gland was identified in 

13 (76%) and 12 (71%) cases, respectively. Of those lesions in which ≥1 duct was detected, 

extension of neoplastic epithelium into at least one duct was observed in 70% (9 of 13 
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cases). The median number of esophageal ducts with neoplastic extension was 2 (IQR 1 – 

5). Overall, 53% of lesions considered RFA eligible (9 of 17 cases) showed extension of 

neoplastic epithelium into the ducts. Two of these cases (2 of 17; 12%) had extension of 

neoplastic epithelium into the ducts down to the level of the submucosa. Extension of 

neoplastic epithelium into SMGs was observed in two patients, the same two who also had 

ductal extension of neoplastic epithelium into the submucosa.

There were no significant differences between the lesions considered eligible and lesions 

considered not eligible for RFA in the number of lesions with ≥1 duct (76% vs 75% 

respectively), the number of lesions with any extension of neoplastic epithelium into ducts 

(53% vs 63% respectively) or extension into the submucosal level in the ducts (12% vs 23% 

respectively) [Table 2]. In addition, no difference was found in the number of SMGs (71% 

vs 73% respectively) or SMGs containing neoplasia (12% vs 4% respectively) between both 

groups.

Combining the poor histopathology parameters (m3 invasion, G3 differentiation, or LVI) and 

the extension of neoplastic epithelium into the ducts or glands at the submucosal level, we 

found that 6 of 17 (35%) of the cases deemed eligible for RFA had poor histological findings 

in their specimen.

Neoplastic ductal extension was not observed in any of the specimens showing T1m1 

disease. Conversely, 91% of ≥m2-lesions and 95% of ≥m3 lesions showed extension of 

neoplastic epithelium into esophageal ducts (p<0.001).

Discussion

Although the standard of care for early ESCC is complete endoscopic resection by ESD, 

ablative treatment of flat-type pre-invasive and early ESCC may allow disease control in 

many regions where the disease is highly prevalent yet widespread availability of ESD is 

limited. Studies with RFA in high-incidence regions in China have proven this technique to 

be safe and effective for eradication of flat squamous neoplasia [9]. The main drawback of 

ablative treatment is the lack of conclusive histopathological examination. Ablative 

approaches are therefore predicated on careful endoscopy and mapping biopsies to exclude 

unsuitable lesions.

In the current study we evaluated whether endoscopic selection of flat-type ESCC by 

endoscopists experienced in RFA for ESCC is appropriate. We studied a consecutive cohort 

of patients with flat-type ESCC treated with ESD at a single institution. Multi-modality 

endoscopy images of lesions were distributed amongst a panel of RFA-experienced 

endoscopists. Corresponding ESD specimens were meticulously reviewed and scored for 

relevant pathology. We found that poor prognostic histological features placing a patient at 

risk for focal lymph node metastasis occur frequently in flat lesions considered eligible for 

RFA. Furthermore, we found that extension of neoplastic disease along pre-existent ductal 

linings into the submucosal space occurs commonly in ESCC. When combining the poor 

histopathological parameters with ductal extension into the submucosal space, 35% of 

lesions considered eligible for RFA (6 of 17) were positive. In these patients ablation would 
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have resulted in either the loss of relevant histological information or potentially incomplete 

treatment of neoplasia in the submucosal space.

Poor histological features (≥m3 invasion, poor differentiation, and LVI) are associated with 

an increased risk for locoregional LNM [2]. LNM are reported in 6–18% of T1m3 cancers 

and in 8–53% of T1sm1 ESCC [2, 15–20]. The risk appears to be significantly lower for 

lesions without LVI or poor tumor differentiation. Well to moderately differentiated T1m3 

and T1sm1 cancers without lymphovascular invasion are therefore often considered a 

relative indication for endoscopic management. The choice for additional treatment (surgical 

resection or chemoradiotherapy) is usually individualized also weighing factors such as co-

morbidity and age. Three of the four lesions with T1m3 invasion fit these relative indication 

criteria, yet in one patient the T1m3 status was accompanied by LVI, a combination for 

which most guidelines strongly advocate additional treatment.

Our data suggest that neoplastic extension down the ducts of submucosal glands is a 

universal trait of ESCC. Although this neoplastic extension was not associated with local 

invasion (i.e. all neoplastic extension down the ducts remained at an intra-epithelial level) 

extension of neoplastic disease into the submucosal space may place a patient at risk of local 

failure if ablative therapy remains too superficial. It is currently unclear what the actual 

depth of ablation is using RFA for squamous neoplasia. To our knowledge, only two studies 

have assessed effects of RFA in humans at a histopathological level. In patients scheduled 

for esophagectomy Dunkin et al. observed no damage deeper than the muscularis mucosae 

after a single or double application with 12 J/cm2 directly preceding the surgical procedure 

[21]. In an identical patient group Ganz and co-workers also observed no damage deeper 

than the muscularis mucosae at 24–48 hours post-ablation after a single application with 12 

J/cm2. RFA did not affect the submucosa as SMGs were still present [22]. True depth of 

ablation, however, may extend deeper, as shown in other studies of cryoablation in squamous 

mucosa which have found more profound damage after 4 days compared to an early time 

point [23]; similar studies have not yet been performed for this long after RFA. Therefore, 

the exact depth of treatment under current RFA protocols in squamous epithelium (single 

application of 12 J/cm2) – and whether SMGs are effectively ablated – remains unclear. This 

is obviously an important area of future research.

The most important limitation of this study is that the selection of RFA eligibility was based 

on still images of ESCC without knowledge of prior endoscopic mapping. In the prospective 

studies on the use of RFA for early squamous neoplasia in China, patients were selected by 

real-time endoscopic assessment by multiple endoscopists after extensive biopsy mapping. 

Mainly patients with non-invasive (i.e. MGIN and HGIN) were included and treated by 

RFA. Our data suggest that patients with non-invasive disease have a very low rate of ductal 

extension (0% in this study). Such extension mainly occurs in patients with invasive disease 

(≥T1m2). Although mapping biopsies may allow for a differentiation between intraepithelial 

neoplasia and invasive carcinoma, it is questionable whether this sampling method is able to 

reliably determine the depth of invasion, tumor grade, presence of lymphovascular invasion, 

or presence extension of neoplasia down the ducts. Magnification endoscopy may support 

the assessment of the depth of tumor invasion[24]. However, as magnifying endoscopy 

images were not available in all cases, these were excluded from assessment by the panel. 
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Earlier RFA studies have also not used magnifying endoscopy to select cases and further 

studies into its potential value are warranted. In addition, predicting the presence of poor 

histological factors in squamous lesions appears to be difficult amongst endoscopists (even 

by those with extensive experience in RFA for ESCC), and frequent disagreement in the 

selection of lesions eligible for RFA was observed in the current study. Taken together, at 

this point selection of low-risk ESCC seems difficult and restraint in the use of ablative 

therapy for the treatment of flat ESCC seems appropriate.

In conclusion, poor prognostic histological indicators that are considered (relative) 

contraindications for endoscopic treatment occur frequently in flat-type ESCC deemed 

eligible for RFA. Moreover, ductal extension occurs commonly in ESCC. As it appears 

difficult for endoscopists to identify low-risk ESCC, conservative use of ablation therapy for 

flat-type ESCC is recommended until long-term follow-up data from trials are available.
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Figure 1. Ductal extension in an ESD specimen
Representative example of a T1m2 lesion showing massive ductal extension. The superficial 

component of the lesion shows an undulating, expansive pattern of growth, consistent with 

T1m2. The muscularis mucosa is indicated by an asterisk. The asterisk indicates the 

muscularis mucosae. The lesion extends via the ductal system to the level of the submucosal 

gland.
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Figure 2. Examples of radiofrequency ablation (RFA) eligible cases
The upper panel shows an example of an extensive flat USL deemed eligible for RFA by the 

endoscopists panel. This lesion did not demonstrate poor prognostic histologic features. The 

corresponding histological image shows a non-expansive growth pattern, consistent with 

T1m1. The lower panel shows an example of an extensive flat USL deemed eligible for RFA 

by the endoscopists panel. Yet histopathology of the latter lesion showed invasion into the 

muscularis mucosae (T1m3, arrow) as well as focal LVI (boxed area shown in detail). H&E, 

hematoxylin and eosin; NBI, narrow-band imaging.
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Table 1
Demographic characteristics

The demographic characteristics of all patients and lesions from the prospectively collected database 

containing all consecutive patients with esophageal squamous cell cancer discussed in the multidisciplinary 

meeting at the National Cancer Center Hospital (NCCH) in Tokyo (Japan) that met the inclusion criteria for 

this study. Demographic characteristics are shown separately for lesions deemed eligible for RFA by a panel of 

endoscopists with expertise in RFA for esophageal squamous cell neoplasia. IQR: interquartile range; RFA: 

radiofrequency ablation; SD: standard deviation.

Lesions

p-value*All Not RFA eligible RFA eligible

General

Total, n 65 48 17

0.17Age, mean (SD) 68 (± 8.1) 67 (± 8.4) 70 (±6.9)

Gender

 Male 58 (89%) 44 (92%) 14 (82%)
0.36

 Female 7 (11%) 4 (8%) 3 (18%)

Lesion

Location within esophagus

 Upper thoracic 1 (2%) 1 (2%) 0 (0%)

0.35 Mid thoracic 39 (60%) 30 (62%) 9 (53%)

 Lower thoracic 25 (38%) 17 (26%) 8 (47%)

Macroscopic type (during initial endoscopy in Japan)

 0-IIb 4 (6%) 4 (17%) 0 (0%)
0.34

 0-Iic 61 (94%) 44 (83%) 17 (100%)

Specimen size, median (IQR) 45 (40–54) 45 (40–50) 42 (35–50) 0.51

*
Either Fisher’s Exact Probability Test, independent sample T-test or Mann Whitney U Test
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Table 2
Histopathological findings of all included specimens

All ESD-specimens were assessed for standard histopatholgical characteristics (depth of invasion, 

differentiation grade and lymphovascular invasion) and for the extension of neoplasia into esophageal ducts 

and submucosal glands. The histopathological findings are shown separately for lesions deemed eligible for 

RFA by a panel of endoscopists with expertise in RFA for esophageal squamous cell neoplasia. CI: confidence 

interval; LVI: lymphovascular invasion; RFA: radiofrequency ablation.

Characteristics Lesions

P-value*

All Not RFA eligible RFA eligible

N = 65 N = 48 N = 17

N (%; [95% CI]) N (%; [95% CI]) N (%; [95% CI])

Standard histopathology

Depth of invasion

 M1 7 (11%; [5–20%]) 3 (6%; [2–17%]) 4 (24%; [10–47%])

0.02
 M2 31 (48%; [36–60%]) 22 (46%; [33–60%]) 9 (53%; [31–74%])

 M3 22 (34%; [24–46%]) 18 (38%; [25–52%]) 4 (24%; [10–47%])

 SM1/2 5 (8%; [3–16%]) 5 (10%; [5–22%]) 0 (0%; [0–18%])

Differentiation grade

 G1 10 (15%; [9–26%]) 8 (17%; [9–30%]) 2 (12%; [3–34%])

0.95 G2 53 (82%; [69–88%]) 38 (79%; [66–88%]) 15 (88%; [66–97%])

 G3 2 (3%; [1–11%]) 2 (4%; [1–14%]) 0 (0%; [0–18%])

Lymphovascular invasion

 Present 6 (9%; [4–19%]) 5 (10%; [5–22%]) 1 (6%; [1–27%]) 1

Total incidence of relevant standard histopathology (>m2, 
G3 or LVI+) 28 (43%; [32–55%]) 24 (50%; [36–64%]) 4 (24%; [10–47%]) 0.09

Ductal extension

Presence of ≥ 1 duct 49 (75%; [64–84%]) 36 (75%; [61–85%]) 13 (76%; [53–90%]) 1

 Containing neoplasia in ≥ 1 duct 39 (60%; [48–71%]) 30 (63%; [48–75%]) 9 (53%; [31–74%]) 0.57

  Submucosal extension 13 (20%; [12–31%]) 11 (23%; [13–37%]) 2 (12%; [3–34%]) 0.49

 No duct containing neoplasia 10 (15%; [9–26%]) 6 (13%; [6–25%]) 4 (24%; [10–47%]) 0.43

Glands present 47 (72%; [60–82%]) 35 (73%; [59–83%]) 12 (71%; [47–87%]) 1

 Containing neoplasia 4 (6%; [2–15%]) 2 (4%; [1–14%]) 2 (12%; [3–34%]) 0.57

 Not containing neoplasia 43 (66%; [54–76%]) 33 (69%; [55–80%]) 10 (59%; [36–78%]) 0.55

Total incidence of submucosal (duct or gland) extension 
of neoplasia 13 (20%; [12–31%]) 11 (23%; [13–37%]) 2 (12%; [3–34%]) 0.49

Combined standard histopathology and ductal extension

Combined incidence of relevant standard histopathology 
and ductal extension (>m2, G3, LVI+, or submucosal duct 
extension)

34 (52%; [40–64%]) 28 (58%; [44–71%]) 6 (35%; [17–59%]) 0.16

*
Either Fisher’s Exact Probability Test or Chi-Square for Trend Test

Note: percentages may not total 100 because of rounding
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Table 3
Scoring of RFA-eligibility by panel of endoscopists

Based on a set of the best endoscopic images, all lesions that met the inclusion criteria were assessed for RFA 

eligibility by a panel of endoscopists with expertise in RFA for esophageal squamous cell neoplasia. This table 

shows the agreement amongst the panel. RFA: radiofrequency ablation.

Reviewer Lesions

Total Selected for RFA treatment Discarded for RFA treatment

I 65 10 55

II 65 35 30

Agreement I&II 34 7 27

Disagreement I&II (scored by III) 31 10 21

Agreement I & III 20 1 19

Agreement II & III 11 9 2

Cohen’s kappa for endscopy-reviewers I & II: 0.09 [95% CI: 0.00 – 0.26] (poor agreement)
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