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Simple Summary: Endoscopic submucosal dissection (ESD) was developed to enhance en bloc
resections and was applied to esophageal lesions. ESD showed advantages over endoscopic mucosal
resection (EMR) regarding the en bloc resection rate, complete resection rate, and local recurrence
rate. In this review, we summarize up-to-date reports with 5-year survival after ESD for superficial
esophageal squamous cell carcinoma. ESD has shown excellent long-term outcomes for superficial
esophageal squamous cell carcinoma with epithelium or lamina propria invasion. ESD would be the
first choice for superficial esophageal squamous cell carcinoma without obvious submucosal invasion,
although more than three-fourths circumferential resection could induce post-operative stenosis.

Abstract: In this review, we summarize up-to-date reports with 5-year survival after endoscopic
submucosal dissection (ESD) for superficial esophageal squamous cell carcinoma. In ESD for the depth
of the epithelium (m1) or lamina propria (m2), the 5-year cause-specific survival and 5-year overall
survival rates were reported to be 98-100%, and 85-95%, respectively. In cases with submucosal
invasion or vascular involvement, additional prophylactic treatment such as chemoradiotherapy
or surgery was recommended, and the 5-year cause-specific survival and 5-year overall survival
rates were reported to be 85-100%, and 56-84%, respectively. Additional treatment might be too
invasive for the elderly or patients with severe comorbidities. The risk of additional therapy should be
balanced against the risk of lymph node metastasis, considering the life expectancy of such patients.
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1. Introduction

Endoscopic resection is becoming the main procedure for mucosal esophageal cancer [1,2]. In 1990,
Inoue et al. developed the endoscopic cap resection technique for esophageal lesions [3]. However,
widespread lesions are hard to be resected en bloc. Endoscopic submucosal dissection (ESD) was
developed to enhance en bloc resections [4,5] and has been applied to esophageal lesions in Japan [6]
(Figure 1). ESD showed advantages over endoscopic mucosal resection (EMR) regarding the en
bloc resection rate, complete resection rate, and local recurrence rate [7,8]. In 2008, esophageal
ESD was approved by the Ministry of Health, Labor, and Welfare of Japan and obtained a code
for reimbursement. The technique and devices for ESD have improved [9-15] and seem to have
matured [16-19]. Considerable studies evaluating long-term outcomes after ESD for superficial
esophageal cancer have been gathered [20-23]. In this review, we summarize up-to-date reports with
5-year survival after ESD for superficial esophageal squamous cell carcinoma.
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Figure 1. Esophageal endoscopic submucosal dissection (ESD) for superficial esophageal squamous
cell carcinoma. (A) Widespread superficial esophageal squamous cell carcinoma. (B) Post-operative
ulcer after ESD. (C) Specimen after ESD (size, 50 mm; complete resection).

2. Literature Search and Selection

The literature was systematically searched using PubMed, Cochrane Library, and the
Igaku—Chuo—-Zasshi database in Japan (up to August 2020). The search words were: (esophageal) AND
(endoscopic submucosal dissection) AND (squamous cell carcinoma) AND (long-term outcomes). The
inclusion criteria were: (1) study design: cohort study, (2) participants: patients who had esophageal
squamous cell carcinoma, (3) intervention: ESD, and (4) outcome: 5-year survival. The exclusion
criteria were: (1) studies limited to large lesions, (2) 5-year survival including EMR, (3) rescue ESD
after chemoradiotherapy, (4) meeting abstracts, (5) duplication, and (6) review articles. One hundred
and fifty-two citations were retrieved by the literature search process. Among these, we excluded 116
studies according to the exclusion criteria (36 unrelated topics, 63 meeting abstracts, 1 duplication,
and 16 review articles). The remaining 36 studies were scrutinized and 23 studies were rejected (14
studies without 5-year survival, 2 studies limited to large lesions, 5 studies including EMR, and 2
rescue ESD after chemoradiotherapy). Due to the limited number of studies comparing ESD and
chemoradiotherapy, we allowed the inclusion of EMR for that study. We included 13 studies in our
final review. The flowchart showing the search process is shown in Figure 2.
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Figure 2. Flow diagram of the systematic literature search.

3. Long-Term Outcomes of ESD for Superficial Esophageal Squamous Cell Carcinoma

The frequency of lymph node metastasis varies widely depending on the depth of invasion.
The reported rates of lymph node metastasis are 0.0%-5.6% for the depth of the epithelium (m1)
or lamina propria (m2), 8.0%-18.0% for the depth of the muscularis mucosae (m3), 11.0%-53.1%
for submucosal invasion to 200 pm or less (sm1), and 30.0%-53.9% for deep submucosal invasion
exceeding 200 pm (sm2 or sm3) [24-26]. If the pathology after esophageal ESD shows submucosal
invasion, additional prophylactic treatment such as chemoradiotherapy or surgery is recommended.
The Japan Esophageal Society guidelines recommend additional prophylactic treatment for sm1 or
more or vascular invasion [27]. The European Society of Gastrointestinal Endoscopy (ESGE) guidelines
recommend additional treatment for sm2 or more, vascular involvement, poorly differentiated tumors,
or positive vertical margins [28]. Several studies have evaluated long-term outcomes with depth
stratification (Table 1).

Ono et al. performed esophageal ESD in 84 patients from 2002 to 2008 and the rates of en
bloc resection and complete resection were 100% and 88%, respectively [20]. The perforation rate
was 4%. They also evaluated long-term outcomes. The median observation period was 632 days
(range: 8-2358 days). High-grade intraepithelial neoplasm (HGN) was also included. The depth
stratification was HGN/m1/m2 and m3/sm1/sm2. Additional prophylactic treatment was recommended
if m3-submucosal (sm) invasion or vascular involvement was detected in the specimens after ESD.
In the m3/sm1/sm2 group, six patients (21%) received chemoradiotherapy or radiotherapy and nine
patients (32%) underwent surgery (operation) as additional therapy. During the observation period,
local recurrence occurred in one patient with m1 and was successfully treated with rescue ESD.
Distant metastases occurred in two patients with m3. Three patients died of esophageal cancer and
seven patients died of other causes. The 5-year overall survival rates of the HGN/m1/m2 group and
m3/sm1/sm2 group were 95% and 56%, respectively. The 5-year cause-specific survival rates of the
HGN/m1/m2 group and m3/sm1/sm2 group were 100% and 85%, respectively.
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Table 1. The depth of superficial esophageal squamous cell carcinoma and the long-term outcomes of
endoscopic submucosal dissection.

Author Depth Num.ber of Additional Therapy 5-Year (?verall S-S(efar Caus‘e
Year Patients Number (%) Survival Specific Survival
Ono HGN/M1/M2 56 - 95% 100%
2009 MB3/SM1/SM2 28 CRT/RT 6 (21%), Ope 9 (32%) 56% * 85% *

Tanaka M1/M2 122 - 85% 98%
2013 M3/SM1 56 CRT/RT 12 (21%), Ope 1 (2%) 82% 93%

SM2 26 CRT/RT 14 (54%), Ope 3 (12%) 83% 100%

Nagami HGN/M1/M2 60 - 95% 100%

2017 M3/SM1 19 CRT/CY 13 (68%), Ope 2 (11%) 84% 100%

SM2 4 CRT/CY 3 (75%), Ope 1 (25%) 75% * 100%

Takahashi M3/SM1 102 CRT 9 (9%), Ope 3 (3%) 84% 98%
2018

HGN: High-grade neoplasia; CRT: Chemoradiotherapy; RT: Radiotherapy; CY: Chemotherapy; Ope: Operation
(surgery); M1: invasion to the depth of the epithelium; M2: invasion to the depth of the lamina propria: M3: invasion
to the depth of the muscularis mucosae; SM1: submucosal invasion to 200 um or less; SM2: deep submucosal
invasion exceeding 200 um. * p < 0.05.

Tanaka et al. performed esophageal ESD in 84 patients from 2005 to 2011 and the rates of en bloc
resection and complete resection were 98.8% and 83.1%, respectively [21]. The perforation rate was
1.6%. The depth stratification was m1/m2, m3/sm1, and sm2. Additional prophylactic treatment was
recommended if sm invasion, vascular involvement, or a positive vertical margin was detected in
the specimens after ESD. In the m3/sm1 group, twelve patients (21%) received chemoradiotherapy or
radiotherapy and one patient (2%) underwent surgery as additional therapy. In the sm2 group, fourteen
patients (54%) received chemoradiotherapy or radiotherapy and three patients (12%) underwent surgery.
During the observation period, local recurrence occurred in two patients with m2, and lymph node
metastasis occurred in six patients (10.7%) with m3/sm1 and in two patients (7.7%) with sm2. Three
patients died of esophageal cancer and sixteen patients died of other causes. The 5-year overall
survival rates of the m1/m2, m3/sml and sm2 groups were 85%, 82%, and 83%, respectively. The
5-year cause-specific survival rates of the m1/m2, m3/sm1, and sm2 groups were 98%, 93%, and 100%,
respectively. In the m1/m2 group, death due to esophageal cancer occurred in one patient who had
metachronous esophageal cancer with sm2. The patient received chemoradiotherapy but died due to
the metastasis.

Nagami et al. performed esophageal ESD in 84 patients from 2006 to 2009 and the rates of en
bloc resection and complete resection were 100% and 90.4%, respectively [22]. The perforation rate
was 0%. The median observation period was 72.9 months (interquartile range: 63.0-85.7 months).
HGN was also included. The depth stratification was HGN/m1/m2, m3/sm1, and sm2. Additional
prophylactic treatment was recommended if m3-sm invasion, vascular involvement, or a positive
vertical margin was detected in the specimens after ESD. In the m3/sm1 group, thirteen patients (68%)
received chemoradiotherapy or chemotherapy, and two patients (11%) underwent surgery as additional
therapy. In the sm2 group, three patients (75%) received chemoradiotherapy or chemotherapy, and
one patient (25%) underwent surgery. During the observation period, there was no local recurrence or
distant metastasis. The causes of death included pneumonia (n = 3), lung cancer (n = 2), gastric cancer
(n = 2), laryngeal cancer (n = 1), pancreatic cancer (1 = 1), adverse effects of radiotherapy (n = 3), and
other causes (n = 2). The 5-year overall survival rates of the m1/m2, m3/sm1, and sm2 groups were
95%, 84%, and 75%, respectively. The 5-year cause-specific survival rate was 100%.

Takahashi et al. investigated the long-term outcome of ESD for esophageal squamous cell
carcinoma with m3/sm1 [23]. Additional prophylactic treatment was recommended if pathological
vascular involvement was detected in the specimens after ESD. Endoscopy and computed tomography
(CT) were performed as much as possible every six months after ESD. One hundred and two patients
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underwent esophageal ESD; vascular involvement was found in twenty-one patients (20.6%). Among
these, nine patients (8.8%) received chemoradiotherapy and three patients (2.9%) underwent surgery.
The median observation period was 71.5 months (range: 9-144 months). During the observation
period, local recurrence occurred in one patient. Lymph node metastasis or distant metastasis occurred
in 12 patients (11.8%), 11 of whom underwent salvage therapy. Two patients died of esophageal cancer
and twenty-four patients died of other causes. The 5-year overall survival rates and cause-specific
survival rates were 84.1% and 97.5%, respectively.

To summarize, the strategy of ESD and additional treatment depending on the depth of invasion
showed an excellent 5-year cause-specific survival rate. The 5-year overall survival rates were relatively
low, especially for m3 or submucosal invasion. This discrepancy may be due to the invasiveness of the
additional treatment.

4. Long-Term Outcomes of ESD for Superficial Esophageal Squamous Cell Carcinoma without
Additional Treatment

Additional treatment such as chemoradiotherapy or surgery could be too invasive for the elderly
or patients with severe comorbidities. There are two studies evaluating the long-term outcomes of
ESD for superficial esophageal squamous cell carcinoma without additional treatment (Table 2).

Table 2. Long-term outcomes of endoscopic submucosal dissection for superficial esophageal squamous
cell carcinoma without additional treatment.

Author Num'ber of Age (Years) Depth Nu‘mber of Vascular Death Due to 5-Year Qverall
Year Patients Mean (Range) Patients (%) Involvement (%)  Esophageal Cancer Survival
Joo 28 64 (46-76) M1/M2 23 (82%) 0 0 84%
2014 M3-SM2 5 (18%)

Qi 158 66 (60-84) M1/M2 89 (56%) 3 (3.4%) 0 96.6%
2018 M3-SM1 69 (44%) 6 (8.7%) 1(1.4%) 95.6%

Joo et al. performed esophageal ESD in 28 patients from 2005 to 2012. Pre-operative endoscopic
ultrasound (EUS) and CT were routinely performed. The rates of en bloc resection and complete
resection were 93% and 86%, respectively [29]. The perforation rate was 7%. The mean age was 64
years (range: 46-76 years). The mean observation period was 23 months (range: 2-78 months). Five
patients (18%) had m3/sm1/sm2 and were recommended for additional treatment. However, all of
them refused additional treatment. Pathological vascular involvement was absent in all cases. Local
recurrence occurred in two patients with m3—-sm?2 and was treated with surgery or rescue ESD. None
died of esophageal cancer and the 5-year overall survival rate was 84%.

Qi et al. reported 158 cases of ESD without additional therapy. Pre-operative EUS and CT were
routinely performed. The study excluded 10 cases of ESD with additional treatment [30]. The rate
of complete resection was 99.4%. The mean age was 66 years (range: 60-84 years). The median
observation period was 56 months (interquartile range: 47-68 months). Sixty-nine patients (44%) had
m3-sml. Among these, six patients (8.7%) had pathological vascular involvement and one patient
died of esophageal cancer due to metastatic recurrence. The 5-year overall survival rates of the m1/m2
group and m3/sm1 group were 96.6% and 95.6%, respectively.

In the study by Joo et al., the pathological vascular involvement rate was 0%. The study by Qi
et al. excluded cases with additional treatment. These points could bias the results, and the very
good long-term outcomes might be overestimated. However, a strategy that does not force additional
treatment would be promising, especially for the elderly or patients with severe comorbidities.

5. Comparison between Elderly and the Younger Generation in Esophageal ESD

One study compared the long-term outcomes of esophageal ESD between elderly and young
generation (Table 3).
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Table 3. Comparison between the elderly and the younger generation after esophageal ESD.

Author G i Number of m3-sm Additional Therapy 5-Year Overall 5-Year Cause
Year eneration Patients (%) Number (%) Survival Specific Survival
lizuka Elderly 162 21% CRT 13 (8%), Ope 1 (0.6%) *** 83.6% * 97.3%
2019 Young 502 22.1% CRT 72 (14.3%), Ope 32 (6.4%) 91.2% 97.5%

CRT: Chemoradiotherapy, Ope: Operation (surgery). * p < 0.05, *** p < 0.001.

lizuka et al. performed esophageal ESD in 664 consecutive patients between 2008 and 2016 [31].
HGN was also included. Clinical outcomes were compared between those aged 75 years or older
(n = 162) and those aged younger than 75 years (n = 502). Additional prophylactic treatment was
recommended if m3-sm invasion was detected in the specimens after ESD. The m3-sm invasion
rates for the elderly and the younger group were 21% and 22.1%, respectively. In the elderly group,
thirteen patients (8%) received chemoradiotherapy and one patient (0.6%) underwent surgery as
additional therapy. In the younger group, seventy-two patients (14.3%) received chemoradiotherapy
and thirty-two patients (6.4%) underwent surgery. The rate of additional treatments in the elderly
group was significantly lower than in the younger group (p < 0.001). The 5-year survival rates and
the cause-specific survival rates for the elderly and the younger groups were 83.6% versus 91.2% and
97.3% versus 97.5%. The long-term outcomes of the elderly and the younger groups were comparable,
although the rate of additional treatments was low in the elderly.

6. Comparison between ESD and Other Resection Methods for Superficial Esophageal Squamous
Cell Carcinoma

Before ESD was introduced, the other resection methods were either EMR or surgery [32]. There
are several studies comparing the long-term outcomes of ESD with other resection methods (Table 4).

Table 4. Comparison between endoscopic submucosal dissection and other resection methods for
superficial esophageal squamous cell carcinoma.

Author Therapy Num'ber of m3-sm 5-Year Qverall 5-Year Dis.ease-Free Adverse
Year Patients Number (%) Survival Survival Events
Min ESD 120 56 (46.7%) 93.9% 92.8% 8.9% ***
2018 Surgery 120 57 (47.5%) 91.2% 95.3% 48.2%
Lee ESD 34 15 (44.1%) 89.4% 90.9% 2.9% ***
2020 Surgery 34 14 (41.2%) 87.8% 91.6% 23.5%

Berger ESD 68 26 (32.8%) - 95.2% ** 2.9% t
2019 EMR 80 27 (33.8%) - 73.4% 1.3% t

EMR: endoscopic mucosal resection, t Perforation only, ** p < 0.01, *** p < 0.001.

Min et al. compared ESD and surgical resection [33]. Pre-operative EUS and CT were routinely
performed. Patients with superficial esophageal squamous cell carcinoma without obvious submucosal
invasion were included. Sixteen cases with rescue esophagectomy after ESD were excluded. Propensity
score matching was performed to minimize the selection bias. The m3-sm invasion rates for the ESD
group and the surgery group were 46.7% and 47.5%, respectively. The 5-year overall survival rates
and disease-free survival rates for the ESD group and the surgery group were 93.9% versus 91.2% and
92.8% versus 95.3%. The early adverse event rates for the ESD group and the surgery group were 8.9%
versus 48.2% (p < 0.001). The early adverse events in the ESD group were micro-perforation or frank
perforation. Early adverse events in the surgery group included a pulmonary event, a cardiovascular
event, vocal cord palsy, wound infection, anastomotic leakage, and so on.

Lee et al. also compared ESD and surgical resection [34]. Pre-operative EUS and CT were
routinely performed. Patients with superficial esophageal squamous cell carcinoma without lymph
node metastasis were included. Five cases with rescue esophagectomy after ESD were excluded.
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Propensity score matching was performed to minimize the selection bias. The m3-sm invasion rates for
the ESD group and the surgery group were 44.1% and 41.2%, respectively. The 5-year overall survival
rates and disease-free survival rates for the ESD group and the surgery group were 89.4% versus 87.8%
and 90.9% versus 91.6%. The early major adverse event rates for the ESD group and the surgery group
were 2.9% versus 23.5% (p < 0.001). The ESD group had shorter hospital stays (median: 3.0 days vs.
16.5 days; p < 0.001) than the surgery group. These studies concluded that the long-term outcomes of
ESD and surgery were comparable and ESD was less invasive.

Berger et al. compared ESD and EMR [35]. Pre-operative EUS was routinely performed. The
m3-sm invasion rates for the ESD group and the EMR group were 32.8% and 33.8%, respectively. The
complete resection rates for the ESD group and the EMR group were 97.1% versus 85% (p < 0.01). The
5-year disease-free survival rates for the ESD group and the EMR group were 95.2% versus 73.4% (p <
0.01). The perforation rates for the ESD group and the EMR group were 2.9% versus 1.3%, respectively.
The long-term outcomes of ESD were better than those of EMR for superficial esophageal squamous
cell carcinoma. Thus ESD would be the first choice for superficial esophageal squamous cell carcinoma
without obvious submucosal invasion.

7. Chemoradiotherapy and ESD for Esophageal Squamous Cell Carcinoma with
Submucosal Invasion

For esophageal squamous cell carcinoma with submucosal invasion, surgery is the standard
treatment if the patients have surgical tolerability. If the patients do not have surgical tolerability,
the less invasive alternatives are chemoradiotherapy or radiotherapy [36,37]. Recently, endoscopic
resection combined with chemoradiotherapy has been suggested as a new alternative [38,39].

Yoshimizu et al. compared definitive chemoradiotherapy and endoscopic resection (ESD/EMR)
combined with chemoradiotherapy in patients with esophageal squamous cell carcinoma with
submucosal invasion [38] (Table 5). Pre-operative EUS and CT were routinely performed. The
radiation dose of definitive chemoradiotherapy was 60 Gy; that of endoscopic resection combined with
chemoradiotherapy was reduced to 41.4-50.4 Gy. The 5-year overall survival rates for the definitive
chemoradiotherapy group and the endoscopic resection—chemoradiotherapy group were 79.1% and
85.1%, respectively. The 5-year disease-free survival rates for the definitive chemoradiotherapy group
and the endoscopic resection—chemoradiotherapy group were 59.2% and 85.1%, respectively. The 5-year
disease-free survival rate of the endoscopic resection—chemoradiotherapy group was significantly
higher than that of the definitive chemoradiotherapy group (p < 0.05). The local recurrence rates were
19% and 0% and the metastatic recurrence rates were 7% and 10%, for the definitive chemoradiotherapy
group and the endoscopic resection-chemoradiotherapy group, respectively. The local recurrence rate
of the endoscopic resection—chemoradiotherapy group was significantly lower than that of the definitive
chemoradiotherapy group (p < 0.05). Endoscopic resection combined with chemoradiotherapy showed
better outcomes than definitive chemoradiotherapy. ESD combined chemoradiotherapy would be a
promising option for esophageal squamous cell carcinoma with a submucosal invasion.

Table 5. Endoscopic resection and chemoradiotherapy (CRT) for esophageal squamous cell carcinoma
with submucosal invasion.

Author Treatment Number of 5-Year Overall 5-Year Disease Local Metastatic
Year (Additional Rate) Patients Survival Free Survival Recurrence Recurrence
Yoshimizu CRT 43 79.1% 59.2% * 19% * 7%
2018 ESD/EMR + CRT 21 85.1% 85.1% 0% 10%
*p <0.05.

8. Cumulative Metachronous Cancer Rate after Esophageal ESD

Metachronous recurrence occasionally occurs after the ESD of esophageal squamous cell carcinoma.
There are two studies reporting the 5-year cumulative metachronous cancer rates after esophageal ESD
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(Table 6). Tsuji et al. reported that the 3- and 5-year cumulative metachronous cancer rates were 9.9%
and 24.5%, respectively [40]. Kuwai et al. reported that the 3- and 5-year cumulative metachronous
cancer rates were 14% and 26%, respectively [41]. The metachronous cancer rates are considerably high
and surveillance endoscopy should be performed carefully. Abstinence from alcohol is also important
to prevent recurrence [42,43].

Table 6. Cumulative metachronous cancer rate after complete resection in esophageal endoscopic
submucosal dissection.

Auth Y Number of 3-Year Metachronous 5-Year Metachronous Overall
uthor ear Patients Cancer Rate Cancer Rate Survival
Tsuji 2015 214 9.9% 24.5% -

Kuwai 2018 57 14% 26% 75.0%

9. Conclusions

ESD would be the first choice for superficial esophageal squamous cell carcinoma without
obvious submucosal invasion, although more than three-fourths circumferential resection could induce
post-operative stenosis [44,45]. ESD has shown excellent long-term outcomes for superficial esophageal
squamous cell carcinoma with m1/m2. Additional treatment such as surgery and chemoradiotherapy
should be recommended in the case of vascular involvement or submucosal invasion. The selection
between surgery and chemoradiotherapy should be made after assessing the patient’s surgical
tolerability [36]. Additional treatment might be too invasive for the elderly or patients with severe
comorbidities. The risk of additional therapy should be balanced against the risk of lymph node
metastasis, considering the life expectancy of such patients.

Author Contributions: T.N., writing and editing; H.S., project administration, funding acquisition, editing and
supervision. All authors have read and agree to the published version of the manuscript.

Funding: This work was partially supported by a Grant-in-Aid for Scientific Research B (20H036672 to HS) from
the Japan Society for the Promotion of Science.

Conflicts of Interest: H.S. received scholarship funds for research from Daiichi-Sankyo, Otsuka Pharmaceutical
Co., Ltd., MSD Co., Mylan EPD, Tanabe, and Takeda Pharmaceutical Co., and received service honoraria from
Astellas Pharm, AstraZeneca K.K., EA Pharma Co., Ltd., Mylan EPD, Otsuka Pharmaceutical Co., Ltd., Takeda
Pharmaceutical Co., and Tsumura Co.

References

1.  Oda, I; Shimizu, Y.; Yoshio, T.; Katada, C.; Yokoyama, T.; Yano, T.; Suzuki, H.; Abiko, S.; Takemura, K.;
Koike, T.; et al. Long-term outcome of endoscopic resection for intramucosal esophageal squamous cell
cancer: A secondary analysis of the Japan Esophageal Cohort study. Endoscopy 2020. [CrossRef] [PubMed]

2. Ono, S.; Fujishiro, M.; Koike, K. Endoscopic submucosal dissection for superficial esophageal neoplasms.
World |. Gastrointest. Endosc. 2012, 4, 162-166. [CrossRef]

3.  Inoue, H.; Endo, M. Endoscopic esophageal mucosal resection using a transparent tube. Surg. Endosc. 1990,
4,198-201. [CrossRef] [PubMed]

4. Gotoda, T.; Kondo, H.; Ono, H.; Saito, Y.; Yamaguchi, H.; Saito, D.; Yokota, T. A new endoscopic mucosal
resection procedure using an insulation-tipped electrosurgical knife for rectal flat lesions: Report of two
cases. Gastrointest. Endosc. 1999, 50, 560-563. [CrossRef]

5. Nishizawa, T.; Yahagi, N. Long-Term Outcomes of Using Endoscopic Submucosal Dissection to Treat Early
Gastric Cancer. Gut Liver 2017, 12, 119-124. [CrossRef]

6. Oyama, T.; Tomori, A.; Hotta, K.; Morita, S.; Kominato, K.; Tanaka, M.; Miyata, Y. Endoscopic Submucosal
Dissection of Early Esophageal Cancer. Clin. Gastroenterol. Hepatol. 2005, 3, S67-S70. [PubMed]

7.  Wang,]; Ge,].; Zhang, X.-H.; Liu, J.-Y.; Yang, C.-M.; Zhao, S.-L. Endoscopic submucosal dissection versus
endoscopic mucosal resection for the treatment of early esophageal carcinoma: A meta-analysis. Asian Pac. ].
Cancer Prev. 2014, 15, 1803-1806. [CrossRef]


http://dx.doi.org/10.1055/a-1185-9329
http://www.ncbi.nlm.nih.gov/pubmed/32583396
http://dx.doi.org/10.4253/wjge.v4.i5.162
http://dx.doi.org/10.1007/BF00316791
http://www.ncbi.nlm.nih.gov/pubmed/2291159
http://dx.doi.org/10.1016/S0016-5107(99)70084-2
http://dx.doi.org/10.5009/gnl17095
http://www.ncbi.nlm.nih.gov/pubmed/16013002
http://dx.doi.org/10.7314/APJCP.2014.15.4.1803

Cancers 2020, 12, 2849 9of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Nishizawa, T.; Yahagi, N. Endoscopic mucosal resection and endoscopic submucosal dissection. Curr. Opin.
Gastroenterol. 2017, 33, 315-319. [CrossRef]

Oyama, T. Counter traction makes endoscopic submucosal dissection easier. Clin. Endosc. 2012, 45, 375-378.
[CrossRef]

Nishizawa, T.; Uraoka, T.; Ochiai, Y.; Suzuki, H.; Goto, O.; Fujimoto, A.; Maehata, T.; Kanai, T.; Yahagi, N.
The “Two-Sword Fencing” Technique in Endoscopic Submucosal Dissection. Clin. Endosc. 2015, 48, 85-86.
[CrossRef]

Yahagi, N.; Nishizawa, T.; Sasaki, M.; Ochiai, Y.; Uraoka, T. Water pressure method for duodenal endoscopic
submucosal dissection. Endoscopy 2017, 49, E227-E228. [CrossRef] [PubMed]

Nishizawa, T.; Suzuki, H.; Matsuzaki, J.; Kanai, T.; Yahagi, N. Propofol versus traditional sedative agents for
endoscopic submucosal dissection. Dig. Endosc. 2014, 26, 701-706. [CrossRef] [PubMed]

Yoshio, T.; Ishiyama, A.; Tsuchida, T.; Yoshimizu, S.; Horiuchi, Y.; Omae, M.; Hirasawa, T.; Yamamoto, Y.;
Sano, H.; Yokota, M.; et al. Efficacy of novel sedation using the combination of dexmedetomidine and
midazolam during endoscopic submucosal dissection for esophageal squamous cell carcinoma. Esophagus
2019, 16, 285-291. [CrossRef] [PubMed]

Nishizawa, T.; Suzuki, H.; Sagara, S.; Kanai, T.; Yahagi, N. Dexmedetomidine versus midazolam for
gastrointestinal endoscopy: A meta-analysis. Dig. Endosc. 2015, 27, 8-15. [CrossRef]

Sakaguchi, Y.; Tsuji, Y.; Ono, S.; Saito, I.; Kataoka, Y.; Takahashi, Y.; Nakayama, C.; Shichijo, S.; Matsuda, R.;
Minatsuki, C.; et al. Polyglycolic acid sheets with fibrin glue can prevent esophageal stricture after endoscopic
submucosal dissection. Endoscopy 2014, 47, 336-340. [CrossRef]

Aadam, A.A.; Abe, S. Endoscopic submucosal dissection for superficial esophageal cancer. Dis. Esophagus
2018, 31. [CrossRef] [PubMed]

Mitsunaga, Y.; Nishizawa, T.; Fujimoto, A.; Sasaki, A.; Yahagi, N. Successful endoscopic submucosal
dissection for superficial esophageal cancer on solitary esophageal varix. Gastrointest. Endosc. 2017, 86,
913-914. [CrossRef] [PubMed]

Kinoshita, S.; Nishizawa, T.; Ochiai, Y.; Fujimoto, A.; Takabayashi, K.; Kato, M.; Goto, O.; Maehata, T.;
Yahagi, N.; Uraoka, T. Salvage endoscopic submucosal dissection for incompletely resected esophageal or
gastric neoplasms (case series). Endosc. Int. Open 2020, 8§, E20-E24. [CrossRef]

Kinoshita, S.; Uraoka, T.; Nishizawa, T.; Naganuma, M.; Iwao, Y.; Ochiai, Y.; Fujimoto, A.; Goto, O.;
Shimoda, M.; Ogata, H.; et al. The role of colorectal endoscopic submucosal dissection in patients with
ulcerative colitis. Gastrointest. Endosc. 2018, 87, 1079-1084. [CrossRef]

Ono, S.; Fujishiro, M.; Niimi, K.; Goto, O.; Kodashima, S.; Yamamichi, N.; Omata, M. Long-term outcomes of
endoscopic submucosal dissection for superficial esophageal squamous cell neoplasms. Gastrointest. Endosc.
2009, 70, 860-866.

Tanaka, M.; Ono, H.; Takizawa, K.; Kakushima, N.; Imai, K.; Hotta, K.; Matsubayashi, H. Clinical Course
or Superficial Esophageal Cancer Treated by Endoscopic Submucosal Dissection. Stomach Intest. 2013, 48,
1253-1261.

Nagami, Y.; Ominami, M.; Shiba, M.; Minamino, H.; Fukunaga, S.; Kameda, N.; Sugimori, S.; Machida, H.;
Tanigawa, T.; Yamagami, H.; et al. The five-year survival rate after endoscopic submucosal dissection for
superficial esophageal squamous cell neoplasia. Dig. Liver Dis. 2017, 49, 427-433. [CrossRef] [PubMed]
Takahashi, K.; Hashimoto, S.; Mizuno, K.-I.; Kobayashi, T.; Tominaga, K.; Sato, H.; Kohisa, J.; Ikarashi, S.;
Hayashi, K.; Takeuchi, M.; et al. Management decision based on lymphovascular involvement leads to
favorable outcomes after endoscopic treatment of esophageal squamous cell carcinoma. Endoscopy 2017, 50,
662-670. [CrossRef] [PubMed]

Bollschweiler, E.; Baldus, S.E.; Schroder, W.; Prenzel, K.; Gutschow, C.; Schneider, PM.; Holscher, A.H.
High Rate of Lymph-Node Metastasis in Submucosal Esophageal Squamous-Cell Carcinomas and
Adenocarcinomas. Endoscopy 2006, 38, 149-156. [CrossRef]

Tajima, Y.; Nakanishi, Y.; Tachimori, Y.; Kato, H.; Watanabe, H.; Yamaguchi, H.; Yoshimura, K.; Kusano, M.;
Shimoda, T. Significance of involvement by squamous cell carcinoma of the ducts of esophageal submucosal
glands. Analysis of 201 surgically resected superficial squamous cell carcinomas. Cancer 2000, 89, 248-254.
[CrossRef]

Hagens, E.R.C.; Henegouwen, M.I.V.B.; Gisbertz, S.S. Distribution of Lymph Node Metastases in Esophageal
Carcinoma Patients Undergoing Upfront Surgery: A Systematic Review. Cancers 2020, 12, 1592. [CrossRef]


http://dx.doi.org/10.1097/MOG.0000000000000388
http://dx.doi.org/10.5946/ce.2012.45.4.375
http://dx.doi.org/10.5946/ce.2015.48.1.85
http://dx.doi.org/10.1055/s-0043-113556
http://www.ncbi.nlm.nih.gov/pubmed/28759932
http://dx.doi.org/10.1111/den.12342
http://www.ncbi.nlm.nih.gov/pubmed/25115459
http://dx.doi.org/10.1007/s10388-019-00666-z
http://www.ncbi.nlm.nih.gov/pubmed/30937573
http://dx.doi.org/10.1111/den.12399
http://dx.doi.org/10.1055/s-0034-1390787
http://dx.doi.org/10.1093/dote/doy021
http://www.ncbi.nlm.nih.gov/pubmed/29982386
http://dx.doi.org/10.1016/j.gie.2017.05.030
http://www.ncbi.nlm.nih.gov/pubmed/28576395
http://dx.doi.org/10.1055/a-0998-3917
http://dx.doi.org/10.1016/j.gie.2017.10.035
http://dx.doi.org/10.1016/j.dld.2016.12.009
http://www.ncbi.nlm.nih.gov/pubmed/28096057
http://dx.doi.org/10.1055/s-0043-124433
http://www.ncbi.nlm.nih.gov/pubmed/29272907
http://dx.doi.org/10.1055/s-2006-924993
http://dx.doi.org/10.1002/1097-0142(20000715)89:2&lt;248::AID-CNCR7&gt;3.0.CO;2-Q
http://dx.doi.org/10.3390/cancers12061592

Cancers 2020, 12, 2849 10 of 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kitagawa, Y.; Uno, T.; Oyama, T.; Kato, K.; Kato, H.; Kawakubo, H.; Kawamura, O.; Kusano, M.; Kuwano, H.;
Takeuchi, H.; et al. Esophageal cancer practice guidelines 2017 edited by the Japan Esophageal Society: Part
1. Esophagus 2019, 16, 1-24. [CrossRef]

Pimentel-Nunes, P; Dinis-Ribeiro, M.; Ponchon, T.; Repici, A.; Vieth, M.; De Ceglie, A.; Amato, A.; Berr, F;
Bhandari, P; Bialek, A.; et al. Endoscopic submucosal dissection: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy 2015, 47, 829-854. [CrossRef]

Joo, D.C,; Kim, G.H.; Park, D.Y;; Jhi, ] H.; Song, G.A. Long-term outcome after endoscopic submucosal
dissection in patients with superficial esophageal squamous cell carcinoma: A single-center study. Gut Liver
2014, 8, 612-618. [CrossRef]

Qi, Z.-P; Chen, T.; Li, B.; Ren, Z.; Yao, L.-Q.; Shi, Q.; Cai, S.-L.; Zhong, Y.-S.; Zhou, P.-H. Endoscopic
submucosal dissection for early esophageal cancer in elderly patients with relative indications for endoscopic
treatment. Endoscopy 2018, 50, 839-845. [CrossRef]

lizuka, T.; Kikuchi, D.; Hoteya, S. Outcomes of endoscopic submucosal dissection for superficial esophageal
cancer in an elderly population: A retrospective single center cohort study. Endosc. Int. Open 2019, 7,
E355-E360. [CrossRef] [PubMed]

Lindenmann, J.; Fediuk, M.; Fink-Neuboeck, N.; Porubsky, C.; Pichler, M.; Brcic, L.; Anegg, U.; Balic, M.;
Dandachi, N.; Maier, A.; et al. Hazard Curves for Tumor Recurrence and Tumor-Related Death Following
Esophagectomy for Esophageal Cancer. Cancers 2020, 12, 2066. [CrossRef] [PubMed]

Min, YW.; Lee, H.; Song, B.G.; Min, B.; Kim, HK.; Choi, Y.S.; Lee, ].H.; Hwang, N.-Y.; Carriere, K.C,;
Rhee, P-L.; et al. Comparison of endoscopic submucosal dissection and surgery for superficial esophageal
squamous cell carcinoma: A propensity score-matched analysis. Gastrointest. Endosc. 2018, 88, 624—633.
[CrossRef]

Lee, H.D.; Chung, H.; Kwak, Y.; Choi, ]J.; Lee, A.; Kim, J.L.; Cho, S.-J.; Kim, S.G. Endoscopic Submucosal
Dissection Versus Surgery for Superficial Esophageal Squamous Cell Carcinoma: A Propensity Score-Matched
Survival Analysis. Clin. Transl. Gastroenterol. 2020, 11, e00193. [CrossRef] [PubMed]

Berger, A.; Rahmi, G.; Perrod, G.; Pioche, M.; Canard, J.-M.; Cesbron-Métivier, E.; Boursier, ].; Samaha, E.;
Vienne, A.; Lépilliez, V.; et al. Long-term follow-up after endoscopic resection for superficial esophageal
squamous cell carcinoma: A multicenter Western study. Endoscopy 2018, 51, 298-306. [CrossRef]

Kitagawa, Y.; Uno, T.; Oyama, T.; Kato, K.; Kato, H.; Kawakubo, H.; Kawamura, O.; Kusano, M.; Kuwano, H.;
Takeuchi, H.; et al. Esophageal cancer practice guidelines 2017 edited by the Japan esophageal society: Part
2. Esophagus 2019, 16, 25-43. [CrossRef]

Suzuki, G.; Yamazaki, H.; Aibe, N.; Masui, K.; Shimizu, D.; Kimoto, T.; Nishimura, T.; Nakashima, A.;
Takenaka, T.; Dohi, O.; et al. Radiotherapy for TINOMO Esophageal Cancer: Analyses of the Predictive
Factors and the Role of Endoscopic Submucosal Dissection in the Local Control. Cancers 2018, 10, 259.
[CrossRef]

Yoshimizu, S.; Yoshio, T.; Ishiyama, A.; Tsuchida, T.; Horiuchi, Y.; Omae, M.; Hirasawa, T.; Asari, T.; Chin, K,;
Fujisaki, J. Long-term outcomes of combined endoscopic resection and chemoradiotherapy for esophageal
squamous cell carcinoma with submucosal invasion. Author’s reply. Dig. Liver Dis. 2018, 50, 1255-1256.
[CrossRef]

Kinoshita, S.; Nishizawa, T.; Banno, S.; Uraoka, T. Chemotherapy followed by gastric endoscopic submucosal
dissection. Jpn. J. Clin. Oncol. 2018, 48, 598-599. [CrossRef]

Tsujii, Y.; Nishida, T.; Nishiyama, O.; Yamamoto, K.; Kawai, N.; Yamaguchi, S.; Yamada, T.; Yoshio, T.;
Kitamura, S.; Nakamura, T.; et al. Clinical outcomes of endoscopic submucosal dissection for superficial
esophageal neoplasms: A multicenter retrospective cohort study. Endoscopy 2015, 47, 775-783. [CrossRef]
Kuwai, T.; Yamaguchi, T.; Imagawa, H.; Miura, R.; Sumida, Y.; Takasago, T.; Miyasako, Y.; Nishimura, T.;
Iio, S.; Yamaguchi, A.; et al. Endoscopic submucosal dissection for early esophageal neoplasms using the
stag beetle knife. World ]. Gastroenterol. 2018, 24, 1632-1640. [CrossRef] [PubMed]

Yokoyama, A.; Katada, C.; Yokoyama, T.; Yano, T.; Kaneko, K.; Oda, I.; Shimizu, Y.; Doyama, H.; Koike, T.;
Takizawa, K.; et al. Alcohol abstinence and risk assessment for second esophageal cancer in Japanese men
after mucosectomy for early esophageal cancer. PLoS ONE 2017, 12, €0175182. [CrossRef] [PubMed]
Businello, G.; Parente, P.; Mastracci, L.; Pennelli, G.; Traverso, G.; Milione, M.; Bellan, E.; Michelotto, M.;
Kotsafti, A.; Grillo, F; et al. The Pathologic and Molecular Landscape of Esophageal Squamous Cell
Carcinogenesis. Cancers 2020, 12, 2160. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s10388-018-0641-9
http://dx.doi.org/10.1055/s-0034-1392882
http://dx.doi.org/10.5009/gnl13130
http://dx.doi.org/10.1055/a-0577-2560
http://dx.doi.org/10.1055/a-0832-8257
http://www.ncbi.nlm.nih.gov/pubmed/30834294
http://dx.doi.org/10.3390/cancers12082066
http://www.ncbi.nlm.nih.gov/pubmed/32726927
http://dx.doi.org/10.1016/j.gie.2018.04.2360
http://dx.doi.org/10.14309/ctg.0000000000000193
http://www.ncbi.nlm.nih.gov/pubmed/32675704
http://dx.doi.org/10.1055/a-0732-5317
http://dx.doi.org/10.1007/s10388-018-0642-8
http://dx.doi.org/10.3390/cancers10080259
http://dx.doi.org/10.1016/j.dld.2018.07.044
http://dx.doi.org/10.1093/jjco/hyy058
http://dx.doi.org/10.1055/s-0034-1391844
http://dx.doi.org/10.3748/wjg.v24.i15.1632
http://www.ncbi.nlm.nih.gov/pubmed/29686470
http://dx.doi.org/10.1371/journal.pone.0175182
http://www.ncbi.nlm.nih.gov/pubmed/28384229
http://dx.doi.org/10.3390/cancers12082160
http://www.ncbi.nlm.nih.gov/pubmed/32759723

Cancers 2020, 12, 2849 11 of 11

44. Ono, S.; Fujishiro, M.; Niimi, K.; Goto, O.; Kodashima, S.; Yamamichi, N.; Omata, M. Predictors of
postoperative stricture after esophageal endoscopic submucosal dissection for superficial squamous cell
neoplasms. Endoscopy 2009, 41, 661-665. [CrossRef]

45. Hashimoto, S.; Mizuno, K.-I.; Takahashi, K.; Sato, H.; Yokoyama, J.; Takeuchi, M.; Sato, Y.; Kobayashi, M.;
Terai, S. Evaluating the effect of injecting triamcinolone acetonide in two sessions for preventing esophageal
stricture after endoscopic submucosal dissection. Endosc. Int. Open 2019, 7, E764-E770. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1055/s-0029-1214867
http://dx.doi.org/10.1055/a-0894-4374
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Search and Selection 
	Long-Term Outcomes of ESD for Superficial Esophageal Squamous Cell Carcinoma 
	Long-Term Outcomes of ESD for Superficial Esophageal Squamous Cell Carcinoma without Additional Treatment 
	Comparison between Elderly and the Younger Generation in Esophageal ESD 
	Comparison between ESD and Other Resection Methods for Superficial Esophageal Squamous Cell Carcinoma 
	Chemoradiotherapy and ESD for Esophageal Squamous Cell Carcinoma with Submucosal Invasion 
	Cumulative Metachronous Cancer Rate after Esophageal ESD 
	Conclusions 
	References

