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Abstract
This review considers the preferred preoperative examinations, indications for endoscopic submucosal dissection 
(ESD), and curative ability of ESD in patients with esophageal squamous cell carcinoma (SCC). Endoscopic 
evaluation by non-magnifying endoscopy followed by magnifying endoscopy is a common procedure for diagnosing 
invasion depth of superficial esophageal SCCs in Japan. However, endoscopic ultrasonography may increase 
overdiagnosis of the depth of cancer invasion, and therefore should not be performed routinely. Image-enhanced 
magnifying endoscopy or iodine staining is recommended for diagnosing the lateral extent of esophageal SCC. The 
indications for ESD include clinical T1a-epithelial/lamina propria (EP/LPM) N0M0 non-circumferential lesions, 
clinical T1a EP/LPM N0M0 circumferential lesions ≤ 50 mm, and clinical T1a-muscularis mucosae/T1b-submucosa 
1 cancer (invading submucosa by ≤ 200 µm) N0M0 non-circumferential lesions. Pathological T1a EP/LPM without 
vascular invasion is defined as curative resection, while pathological T1a MM without vascular invasion is 
considered as non-curative resection, with undetermined recommendations for additional treatment. Pathological 
T1b cancer invading the submucosa or pathological vascular invasion-positivity is considered as non-curative 
resection, and additional treatment is recommended. An accurate preoperative diagnosis, appropriate indication, 
and adequate curability assessment based on the pathological diagnosis of resected specimens are important for 
effective ESD.
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INTRODUCTION
Esophageal cancer is the seventh most common cancer and the sixth most common cause of cancer-related 
death worldwide, with 572,000 new cases and 509,000 deaths in 2018[1]. Although the incidence of 
esophageal adenocarcinoma is increasing rapidly in Europe and North America, esophageal squamous cell 
carcinoma (SCC) remains the most common histological type, accounting for 80% of all esophageal cancers 
worldwide[1].

The overall survival of patients with advanced esophageal cancer remains poor, regardless of histological 
type. However, when diagnosed at an early stage, esophageal cancer can be cured by endoscopic submucosal 
dissection (ESD), surgical resection, or chemoradiotherapy. Superficial SCC is defined as cancer limited to 
the mucosa or the submucosa. The treatment strategy for superficial SCC of the esophagus is determined 
based on the preoperative diagnosis of cancer invasion depth, lateral extent of the cancer, and metastasis. 
The curative ability of tumor resection is usually determined by the histologic findings of the resected 
specimen. This review will discuss the preferred preoperative examinations, indications for ESD, and 
curative ability of ESD in patients with esophageal SCC.

PREOPERATIVE EXAMINATIONS
Diagnosis of cancer invasion depth
Endoscopic evaluation by non-magnifying endoscopy (non-ME) followed by magnifying endoscopy (ME) 
is the common procedure for diagnosing invasion depth of superficial esophageal SCC in Japan. Endoscopic 
ultrasonography (EUS) is also used to diagnose cancer invasion depth but is currently not used as a 
standard procedure because of conflicting results regarding its diagnostic accuracy[2,3]. Although EUS is 
recommended for staging T1 esophageal cancer in some guidelines[4-6] and by some experts[7], it is not 
recommended in other guidelines[8,9]. A recent multicenter study was conducted to evaluate the additional 
diagnostic value of EUS following non-ME+ME for differentiating superficial SCC into M/SM1 cancer 
(mucosal cancer/cancer invading into the submucosa by ≤ 200 µm) and ≥ SM2 cancer (cancer invading into 
the submucosa > 200 µm)[10]. Additional use of EUS after non-ME+ME increased the proportion of 
overdiagnoses by 6.6% (21.6% vs. 28.2%, one-sided P = 0.93), with similarly increased tendencies for 
overdiagnosis in all subgroup analyses. Although the addition of EUS reduced the proportion of 
underdiagnoses by 4.5% (29.2% vs. 24.7%), it did not improve the accuracy of distinguishing between 
M/SM1 and ≥ SM2 superficial SCCs. Overdiagnosis of the depth of invasion means that cancers potentially 
curable by endoscopic resection may be treated by esophagectomy, while underdiagnosed cancers may be 
treated by endoscopic resection, with no curative effect. An increase in overdiagnosis is considered to have a 
greater impact than underdiagnosis, because over diagnosed patients may receive unnecessary 
esophagectomy, which is more invasive than unnecessary endoscopic resection caused by an 
underdiagnosis. Similar results were reported in other studies evaluating the usefulness of additional 
EUS[11,12]. Considering the risk-benefit balance of adding EUS, the current results suggest that EUS should 
not be performed routinely in patients with superficial esophageal SCC.

Diagnosis of lateral extent
The Esophageal Cancer Practice Guidelines 2017[4] suggest that the extent of endoscopic resection is closely 
related to the risk of stenosis, and it is therefore “strongly recommended to evaluate the circumferential 
extent of the lesion preoperatively”. Image-enhanced magnifying endoscopy or iodine staining is 
recommended to diagnose the lateral extent of the lesion [Figure 1], with the latter allowing clear 
delineation of the lesion border. However, use of high concentrations of iodine solution may cause the 
superficial epithelium to peel off, making a subsequent diagnosis difficult, and thus iodine solution should 
be used at a low concentration of ≤ 1%.
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Figure 1. Diagnosis of lateral extent. (A) The lateral extent of the cancer was initially diagnosed using narrow-band imaging. (B) The 
lateral extent was then confirmed by iodine staining.

INDICATIONS FOR ESD [Table 1]
Cancer invasion depth
The indication for ESD in patients with T1N0M0 esophageal SCC is determined mainly based on cancer 
invasion depth and the lateral extent of the cancer. Clinically diagnosed (c)T1a-epithelial/lamina propria 
(EP/LPM) cancers are considered good candidates for ESD and are thus regarded as an indication for ESD. 
The committee for the Japanese ESD/endoscopic mucosal resection (EMR) Guidelines[13] previously 
discussed the validity of T1a-muscularis mucosae/T1b-submucosa 1 (MM/SM1) as an indication for ESD. 
However, there is considerable discrepancy between (c)MM/SM1 and pathologically diagnosed 
(p)MM/SM1, and these should thus be treated separately. The above committee discussed the validity of 
(c)MM/SM1 as an indication for ESD.
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Table 1. Indications for endoscopic submucosal dissection

√ Clinical T1a-epithelial/lamina propria (EP/LPM) N0M0 non-circumferential lesion 
√ Clinical T1a EP/LPM N0M0 circumferential lesion ≤ 50 mm 
√ Clinical T1a MM/T1b SM1 cancer (invading submucosa by ≤ 200 µm) N0M0 non-circumferential lesion

T1a MM/T1b SM1: T1a-Muscularis Mucosae/T1b-Submucosa 1.

Previous reports[14-18] showed that 27.4%-55.2% of cancers diagnosed as (c)MM/SM1 before treatment were 
(p)EP/LPM cancers [Figure 2], for which endoscopic resection is highly likely to be curative. This indicates 
that the accuracy of preoperative diagnosis for (c)MM/SM1 cancers is poor, and that a considerable 
proportion of esophageal SCC, which is curable by ESD, is included in (c)MM/SM1 cancers. Based on these 
facts, (c)MM/SM1 cancers are considered as an indication for ESD.

Lateral extent of cancer
Although ESD is an effective treatment, extensive esophageal endoscopic resection can lead to postoperative 
esophageal strictures, with rates of postoperative stricture after non-circumferential and whole 
circumferential resection of 60.7%-75% and 100%, respectively, if preventive measures are not applied[19-21]. 
Stricture after esophageal ESD causes dysphagia and requires multiple, long-term endoscopic balloon 
dilatations. It thus has a negative impact on the patient’s quality of life and may delay additional 
chemoradiotherapy after non-curative resection. However, the use of appropriate preventive measures can 
reduce the proportion of strictures after non-circumferential resection to 11.3%-36.2%[19,20,22]. Non-
circumferential lesions are thus considered as an indication for ESD, whereas the risk of stricture following 
circumferential resection remains high, despite preventive measures.

The application of stenosis-preventive measures following circumferential resection was associated with 
stenosis rates of 76% in 45 patients who received steroid injection therapy[23-27], 55% in 44 patients who 
received oral steroid therapy[25,26,28-30], and 71% in 14 patients who received both injected and oral steroid 
therapy[19]. However, these studies included widespread lesions with a mean major axis length of 6 cm. A 
previous report[26] showed that a resection diameter > 50 mm increased the stricture risk: when the major 
resection axis length was > 50 mm, 85% of patients (11/13 patients) required at least six sessions of 
dilatations, compared with only 17% of patients (1/6 patients) with a length ≤ 50 mm. Furthermore, the 
administration of oral steroid prednisolone at a starting dose of 30 mg and tapered for 12-18 weeks limited 
the stenosis rate to 27.3% (3/11 patients) in patients who underwent whole-circumferential resection, 
requiring a mean of only 1.6 sessions of balloon dilatation[25]. These reports confirm that stricture relief can 
be achieved more easily in tumors with a major axis length ≤ 50 mm, and effective methods are being 
developed to prevent stricture following whole-circumferential stenosis.

Expected curability is another important factor determining the indication for ESD. Although, no studies 
have reported on the pathologic results for cEP/LPM cancer with circumferential extent, a previous report 
showed that approximately 70% of cEP/LPM cancers ≥ 50 mm were (p)EP/LPM cancers[31]. Conversely, 
however, another study[32] showed that only 14% (2/14 lesions) of (c)MM/SM1 whole-circumferential 
cancers were (p)EP/LPM cancers. In addition, 86% (12/14 lesions) of (c)MM/SM1 whole-circumferential 
cancers were at high risk of metastasis (submucosal cancer or vascular invasion positive) or had lymph node 
metastasis. From the perspective of accuracy for preoperative diagnosis of cancer invasion depth, further 
investigation is needed regarding the adequacy of ESD for (c)MM/SM1 whole-circumferential cancers. 
Considering the expectancy of curability and postoperative complications, ESD is therefore recommended 
for cT1a-EP/LPM superficial SCCs with a major axis length ≤ 50 mm and involving the entire circumference 
of the esophagus, upon implementing preventive measures for stenosis.
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Figure 2. Clinical T1a-muscularis mucosae/T1b-submucosa 1 (MM/SM1) cancer finally diagnosed as pathological lamina propria cancer 
by pathological examination of resected specimen. (A) Lesion was slightly elevated on white light imaging. (B) Lesion was mainly 
occupied by B2 vessels. (C) Pathological diagnosis of resected specimen in our facility was cancer invading lamina propria without 
vascular invasion (hematoxylin and eosin staining).

Diagnosis of metastasis
To determine treatment strategy for T1 esophageal SCC, clinical stage of the cancer should be confirmed by 
such means as computed tomography of the neck, chest, and abdomen, and positron-emission tomography. 
Although ESD is indicated to patients with T1N0M0, accuracy of clinical diagnosis for N0M0 is not yet 
elucidated. A previous study showed that the accuracy of clinical N0 for T1b cancer was 73%[33]. In other 
words, despite a clinical diagnosis of N0, there still exists a risk of metastasis. We therefore have to conduct 
strict curability assessment after ESD and apply additional treatment to patients with high risk for 
metastasis even when the cancer is clinical N0.

CURABILITY ASSESSMENT [Table 2]
Curability following ESD is determined based on the histological findings of the resected specimens. 
Horizontal and vertical margin statuses correlate well with the risk of local recurrence, while cancer 
invasion depth and vascular invasion statuses correlate well with the risk of metastasis. For the assessment 
of vascular invasion, additional assessment using immunostaining need to be considered because it may 
enhance the detection of vascular invasion[34].

Horizontal and vertical margin status
The resection can be judged as curative in terms of margin status if both the horizontal and vertical margins 
are negative. If the horizontal margin is positive, careful surveillance is recommended because of the risk of 
local recurrence, and if the vertical margin is positive, additional treatment, such as esophagectomy or 
chemoradiotherapy, is recommended to eradicate the residual cancer.
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Table 2. Curative ability assessment of endoscopic submucosal dissection based on cancer invasion depth and vascular invasion 
status

Curative resection 
√ Pathological T1a-epithelial/lamina propria without vascular invasion

Non-curative resection and undetermined recommendation for additional treatment 
√ Pathological T1a MM without vascular invasion

Non-curative resection and additional treatment recommended 
√ Pathological T1b cancer invading the submucosa 
√ Pathological vascular invasion-positive

MM: Muscularis mucosae.

Cancer invasion depth and vascular invasion
(p)EP/LPM cancer
Although metastasis may develop in (p)EP/LPM cancers without vascular invasion, the risk of the 
metastasis is as low as 0.4%[35]. The resection is judged as curative if the histological findings of the resected 
specimen show (p)EP/LPM cancer without vascular invasion and if the horizontal and vertical margins are 
negative. Other cancers, (p)MM, (p)SM, or tumors with vascular invasion are considered as non-curable in 
terms of cancer invasion depth and vascular invasion.

(p)MM cancer
The ESD/EMR Guidelines for Esophageal Cancer[13] analyzed the incidences of metastasis of (p)MM cancers 
in surgically and endoscopically resected patients. For (p)MM cancer without vascular invasion, the lymph 
node metastasis rate was 4/38 (10.5%) in surgically resected patients[36], compared with 12/216 (5.6%) in the 
follow-up observation group after endoscopic resection[13]. Given the considerable risk of metastasis, 
pathologically diagnosed (p)MM cancer without vascular invasion is judged as non-curable. However, 
considering the reduced quality of life and the possibility of treatment-related death associated with 
additional surgical resection, as well as delayed adverse events and treatment-related deaths following 
additional chemoradiotherapy, these treatments are not conducted in most cases. In addition, patients are 
usually informed that metastasis can occur at certain rates and that it is crucial to perform careful follow-up, 
including screening for metastasis.

Regarding (p)MM cancer with vascular invasion, the lymph node metastasis rate was 5/12 (41.7%) in 
surgically resected patients[36] compared with 3/14 patients (21.4%) in the follow-up observation group after 
endoscopic resection[13]. Given the high risk of metastasis, pathologically diagnosed (p)MM cancer with 
vascular invasion is thus considered to be non-curable, but additional treatment with surgical resection or 
chemoradiotherapy is recommended for these patients.

(p)SM cancer
The ESD/EMR Guidelines for Esophageal Cancer analyzed the incidences of metastasis of (p)SM cancers in 
surgically and endoscopically resected patients. Analyses of resected specimens from patients with 
(p)SM1/SM2 esophageal SCC who received surgical resection as first-line treatment, including patients with 
vascular invasion, showed concurrent lymph node metastasis in 43/170 patients (25.3%) with (p)SM1 
cancers and 49/196 patients (25%) with (p)SM2 cancers, compared with 8/43 patients (18.6%) with (p)SM1 
cancers and 3/20 patients (15%) with (p)SM2 cancers in the follow-up observation group of patients who 
received endoscopic resection as first-line treatment, including patients with vascular invasion. In addition, 
recent retrospective study showed that lymphatic invasion and (p)SM2 were independent risk factors for 
metastatic recurrence[37]. Given the high proportion of metastasis, a histological finding of (p)SM cancer is 
judged as non-curable, and additional treatment with surgical resection or chemoradiotherapy is 
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recommended for these patients.

FUTURE PERSPECTIVES
Widespread use of ESD
ESD has higher en bloc resection rate and R0 resection rate than EMR. However, piecemeal EMR is still 
conducted in some areas. Widespread use of ESD is desired by overcoming its technical difficulties.

Best treatment for circumferential lesions
ESD is a minimally invasive treatment with high curative potential in patients with esophageal cancer. 
However, circumferential endoscopic resection can result in intractable stenosis, considerably reducing the 
patient’s quality of life. Chemoradiotherapy is another option for circumferential lesions. A literature search 
failed to find any previous studies that described the specific survival rates of patients with circumferential 
lesions. Survival analyses and comparative studies of ESD and chemoradiotherapy for circumferential 
lesions are therefore required to determine the best treatment for circumferential lesions.

Curability assessment for (p)MM cancer
Assessing the curability of (p)MM cancer without vascular invasion is an issue in clinical practice. Previous 
studies examining the incidence of metastasis following endoscopic resection were conducted 
retrospectively, did not make it clear if the pathological evaluations were performed using immunostaining, 
and lacked thorough and long-term follow-up observations. Future prospective studies are anticipated to 
evaluate the metastasis rates in patients with (p)MM cancer based on detailed histological evaluations and 
intensive follow-up.

Indication of additional treatment after ESD
The indications for additional treatment are mainly determined based on the risk of metastasis and the 
patient’s condition. Considering our aging society, additional treatment may not be indicated even in 
patients with a substantial risk of metastasis. However, detailed stratification of metastasis risk based on 
histologic findings is currently not possible, and further studies are needed to develop factors to determine 
detailed individual risks of metastasis.

Conclusion
An accurate preoperative diagnosis, appropriate indication, and adequate curability assessment based on the 
pathological diagnosis of resected specimens are important for effective ESD.
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