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Abstract. Endoscopic submucosal dissection (ESD) is the 
first treatment option for superficial squamous cell carcinoma 
of the esophagus (SSCE). Salvage endoscopic treatment for 
recurrent advanced esophageal cancer after chemoradio‑
therapy (CRT) has been reported. However, there are few 
reports on long‑term prognosis after salvage endoscopic treat‑
ment in Japan. The present study investigated long‑term 
treatment results after conventional ESD for SSCE and after 
salvage endoscopic treatment for locally recurrent lesions 
after CRT. Outcomes of esophageal ESD were retrospectively 
investigated at Nagasaki University Hospital and long‑term 
prognosis after salvage endoscopic treatment for locally recur‑
rence lesions after CRT was examined. The en‑bloc curative 
resection rate was 89.5% (606/676) for conventional ESD. The 
5‑year cause‑specific survival rate (CSS) was 98.5%. A total 
of 77 patients underwent salvage endoscopic treatment [ESD 
or photodynamic therapy (PDT)] for locally recurrent lesions 

after CRT. The 3‑year CSS was 81.3 and 77.1% for salvage 
ESD and salvage PDT, respectively. SSCE management using 
ESD yielded high en‑bloc curative resection and survival 
rates. Overall, establishing salvage endoscopic treatment made 
long‑term control of the underlying disease possible, while 
also maintaining the quality of life for patients with recur‑
rent advanced esophageal cancer deeper than patients with 
T1b who underwent CRT and patients with recurrence after 
additional CRT following ESD.

Introduction

Recent advances in endoscopic diagnosis have increased 
the detection rate of superficial gastrointestinal cancer. 
Additionally, with the standardization of treatment technology 
and advancement of devices, the results of endoscopic treat‑
ment centered on endoscopic submucosal dissection (ESD) 
are also improving (1). In Japan, esophageal ESD‑endoscopic 
treatment for superficial squamous cell carcinoma of the 
esophagus (SSCE)‑was first reported by Oyama in 2005 (2) and 
was covered by insurance in 2008. Currently, ESD is standard‑
ized and the first treatment option for SSCE. With increasing 
ESD performance, the 5‑year survival rate of SSCE in Japan 
has dramatically improved to ~80% (3,4). The standard treat‑
ment for advanced esophageal cancer is surgical resection or 
chemoradiotherapy (CRT) (5). Surgical resection is curative; 
however, postoperative quality of life (QOL) (6) often reduces 
because of its high invasiveness. In patients undergoing CRT, 
QOL is easily maintained and the response rate to squamous 
cell carcinoma is high. Even with the infiltration depth of 
T1, the local residual recurrence rate after CRT is as high as 
~30% (7), and deeper infiltration degrees lead to higher local 
recurrence rates (8), indicating that local control is difficult. 
There is no standard treatment for locally recurrent lesions 
after CRT; however, additional surgical resection is often 
selected for intolerant patients. Nevertheless, the risk of suture 
failure increases because of irradiation, and the mortality 
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rate due to perioperative complications is high (7‑12%) (9,10). 
Moreover, lymph node metastases and metastases to other 
organs are often observed during recurrence. Hence, surgery 
is not indicated in many cases.

To address these problems, salvage endoscopic resection 
has become a treatment modality for residual recurrent lesions 
after CRT (11). Minimally invasive endoscopic treatment can 
achieve high long‑term survival without severe complica‑
tions  (12,13). Moreover, photodynamic therapy (PDT) is a 
valuable treatment option for treating local residual/recurrent 
esophageal cancer after CRT (14‑17). PDT, a local treatment 
modality, uses a tumor‑affinitive photosensitizer (PS) that is 
selectively incorporated into cancer cells and a laser beam 
with a wavelength matching the absorption wavelength of PS 
that is irradiated to cause a photochemical reaction within the 
tumor and destroy the tumor cells (17). Currently in Japan, 
PDT is covered by insurance for lung cancer (early stage, 
advanced cancer), malignant brain tumor, early esophageal 
cancer, recurrent esophageal cancer, stomach cancer, and early 
cervical cancer. We are actively practicing salvage endoscopic 
treatment at our hospital; moreover, we started performing 
salvage PDT (sal‑PDT) in 2007 as advanced medical care. This 
study evaluated the long‑term treatment results after conven‑
tional ESD for SSCE and after salvage endoscopic treatment 
for locally recurrent lesions after CRT. We also introduced 
treatment strategies for esophageal cancer, including salvage 
endoscopic treatment.

Materials and methods

Ethics statements. This study was approved by the Nagasaki 
University Hospital Ethics Committee (protocol code: 
21041908, approval date: April 20, 2021), and written informed 
consent was obtained from all enrolled patients.

Conventional esophageal ESD
Patients. Patients with SSCE (clinical stage 0, cT1aN0M0) 
treated with ESD between June 2007 and August 2019 at 
Nagasaki University Hospital were enrolled in this study. Patients 
with Barrett's adenocarcinoma, intraepithelial neoplasia, and 
follow‑up period <6 months were excluded. For preoperative 
diagnosis of superficial SSCE, routine endoscopy, Lugol‑stained 
endoscopy [0.5% Lugol solution (Lugol)], narrow‑band imaging 
(NBI), magnifying endoscopy, computed tomography (CT), 
and pretreatment positron emission tomography (PET) were 
performed. In addition, we retrospectively analyzed the 
recurrence rate of metastasis and long‑term prognosis.

ESD procedure. ESD was performed with intravenous anes‑
thesia using midazolam and pethidine, and the dose was adjusted 
appropriately according to the patient's degree of sedation and 
pain. We sprayed 0.5% of Lugol and marked the cancer‑free 
margin. Then, we injected 5 ml of purified sodium hyaluronate 
(MucoUp®; Boston Scientific, Marlborough, MA, USA) with 
0.0025% epinephrine into the submucosa, made a mucosal 
incision, and performed submucosal dissection using Flash 
Knife BT‑S (DK2620JI; Fujifilm Medical Co., Ltd., Tokyo, 
Japan). During the entire procedure, carbon dioxide was used 
as insufflating gas. En‑bloc resection includes all marks, and 
an en‑bloc resection with histologically cancer‑free margins 

is defined as complete resection (R0)  (18). Complications 
included postoperative bleeding and delayed perforation, 
in addition to bleeding and perforation during treatment. 
Bleeding was defined as the need for blood transfusion due to 
a decrease in the hemoglobin level of 2 g/dl. Perforation was 
diagnosed when space was observed endoscopically through a 
visual hole, subcutaneous emphysema was present, and/or CT 
showed mediastinal emphysema after ESD.

Salvage endoscopic treatment
Patients. Patients who underwent salvage endoscopic treat‑
ment at Nagasaki University Hospital between June 2007 
and August 2019 were enrolled in this study. Patients with a 
follow‑up period of <6 months after salvage endoscopic treat‑
ment were excluded. The salvage endoscopic treatment was 
indicated for patients with advanced esophageal cancer who 
had local recurrence after CRT and had no evident lymph 
node or multi‑organ metastasis confirmed by CT or PET‑CT. 
Patients underwent endoscopic depth assessment (white light 
imaging, NBI magnified imaging, and endoscopic ultrasound 
sonography) and salvage ESD if no apparent deep sub‑mucosal 
(SM) invasion was observed. In addition, salvage PDT was 
performed for SM infiltration cases, or cases judged difficult 
for ESD due to severe fibrosis. All patients were allowed 
to choose other treatment modalities, including salvage 
endoscopic treatment and additional surgical resection, and 
consented cases were included in the treatment.

Sal‑ESD/Sal‑PDT procedure. Salvage endoscopic treatment 
was defined as endoscopic treatment (ESD/PDT) performed 
for a lesion that recurred locally after irradiation for advanced 
esophageal cancer with over 50 Gy radiation. Sal‑ESD was 
performed in the same manner as conventional ESD. In addi‑
tion to the cases without lymph node/other organ metastasis, 
sal‑PDT is indicated for lesions that meet all of the following 
conditions: the wall depth of the residual recurrent lesion 
remains at T2, the central axis is less than 3 cm, circumference 
is less than half, and the lesion has not infiltrated the cervical 
esophagus  (17). We used talaporfin sodium (40  mg/m2, 
Rezaphyrin®; Meiji Seika Pharma Co., Ltd., Tokyo, Japan) as 
a photosensitizer, and 4‑6 h after intravenous administration 
of talaporfin sodium, the residual recurrent lesion was irra‑
diated with a PD laser under endoscopic guidance with the 
LASEREO endoscope system (Fujifilm Co.) and EG‑L590ZW 
(Fujifilm Co.) for PDT. After marking around the lesion with 
argon plasma coagulation (APC), we started irradiation 
(power, 150 mW; 100 J/cm2 per location) from the anal side 
of the lesion and moved toward the oral side (17). Endoscopic 
follow‑up was performed again on the day after PDT, and 
additional irradiation was performed in the range of 60‑400 J 
when it was judged to be insufficient. Patients were instructed 
to avoid the sun for 2 weeks after dosing because talaporfin 
sodium can cause photosensitivity (19).

Histological evaluation after ESD. Excised specimens were 
soaked in 4% formalin for pathological examination, embedded 
in paraffin, cut vertically at 2‑mm intervals, and stained with 
hematoxylin and eosin. The histopathological evaluation 
included the tumor size, invasion depth, lymphovascular inva‑
sion (LVI), degree of differentiation, and horizontal/vertical 
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stump diagnosed according to the Japanese Classification of 
Esophageal Cancer (20). Infiltration depths were classified as 
epithelium (EP), lamina propria (LPM), muscular mucosae (4), 
superficial submucosal tissue (≤200 µm, SM1), and deep submu‑
cosal tissue (>200 µm, SM2). The final histological diagnosis 
was reached by agreement between at least two pathologists.

Patient follow‑up. Adjuvant therapy (surgery or chemora‑
diotherapy) after conventional ESD has been proposed for 
non‑curative resection cases (one or more of positive lympho‑
vascular invasion, SM massive infiltration, and pathological 
infiltration (INF)‑β or γ). Patients with curative resection 
underwent endoscopic follow‑up and clinical visits every 
3‑6 months for the first year. One year later, they continued 
follow‑up every 4‑6 months, depending on the degree of inva‑
sion. Patients who underwent salvage endoscopic treatment 
continued follow‑up endoscopy every 3‑4  months. Local 
recurrence was defined as a tumor that developed within the 
ESD scar. Asynchronous recurrence was defined as a tumor 
that recurred at a new site after ≥6 months of complete remis‑
sion. Every patient also underwent chest and abdominal CT, 
performed annually to detect metastases. Especially for the 
patients who underwent salvage PDT, in addition to endoscopic 
observation, the biopsy was performed randomly from the 
treated area to evaluate the presence or absence of recurrence. 
Local complete response (L‑CR) was defined as no recurrence 
in endoscopic findings, biopsy results, and CT findings. We 
assessed patient survival after endoscopic treatment through 
regular clinic visits, medical records, or telephone contact 
until December 2019. 

Statistical analysis. All statistical analyses were performed 
using JMP® Pro 17.0.0 for MacOS (SAS Institute Inc., Cary, NC, 
USA). Cumulative cancer‑related survival was estimated using 
the Kaplan‑Meier curve and assessed using the log‑rank test. 
In addition, the Mann‑Whitney U test or Pearson's chi‑square 
test was used to examine the differences between the groups. 
A P‑value of <0.05 was considered statistically significant.

Results

Conventional ESD
Patients. Conventional ESD was performed for superficial 
esophageal cancer in 565  patients (910 lesions) from 
September 2007 to July 2019 at Nagasaki University Hospital 
(Fig. 1). After excluding patients with an observation period 
<6 months and cancers other than squamous cell carcinoma 
(Barrett's cancer or intraepithelial neoplasia), 480 patients 
(825 lesions) were examined. Overall, 392 patients (81.7%, 
676 lesions) underwent curative resection. The patients with 
a non‑curative resection were allowed to choose additional 
treatment (CRT or surgical resection) after they were provided 
sufficient information regarding the procedures. Patients were 
more inclined towards choosing CRT, which is relatively 
less invasive, particularly elderly patients and patients with 
underlying general conditions (such as patients with under‑
lying conditions unsuitable for general anesthesia). In total, 
CRT was performed in 65 patients, and surgical resection was 
performed in 11 patients as an additional treatment for lesions 
with non‑curative resection of ESD.

Treatment results. Background characteristics, short‑term 
outcomes, and adverse events of patients who underwent 
curative resection are shown in Table I. The en‑bloc curative 
resection rate was 89.5% (606/676). Treatment complications 
were bleeding (0.6%, 4/676), perforation (0.4%, 3/676), and 
stenosis (10.7%, 72/676). No local recurrence was observed 
in the curatively resected cases. The background charac‑
teristics of patients who received additional treatment are 
shown in Table II. More than half of the cases were deeper 
than pT1a‑MM/pT1b‑SM1 and positive for LVI, and lymph 
node/other organ metastases were found in six cases at the 
time of additional treatment. The adverse events included 
bleeding 0.6% (4/676), perforation 0.4% (3/676), and stenosis 
10.7% (72/676). For the prevention of stenosis, in the cases 
where the excision diameter exceeded 3/4 of the circumfer‑
ence, local injection of steroid was administered at the ulcer 
base after excision. In patients who underwent circumferential 
resection, steroids were systemically administered in addition 
to their local injection (18).

Long‑term prognosis after conventional ESD and additional 
treatment. The long‑term prognosis of all patients was good, 
with a 5‑year overall survival (OS) rate of 83.1% and a 5‑year 
cause‑specific survival (CSS) rate of 98.5% (Fig. 2A). However, 
OS was lower in patients with SM2 infiltration in the pathological 
findings than in those without. The 5‑year CSS was 84.7%, even in 
SM2 cases (Fig. 2B). The 5‑year CSS rates in the CRT and addi‑
tional surgical resection groups were 94.6 and 87.5% (Fig. 2C).

Table I. Characterization of curative resection cases.

	 Value (392 cases,
Variable	 676 lesions)

Age, years (range)	 68 (41‑90)
Sex, n (%)	
  Male	 318 (81.1)
  Female	 74 (18.9)
Location, n (%)	
  Cervical/Upper	 38 (9.0)
  Middle thoracic	 228 (58.2)
  Lower thoracic/Abdominal	 126 (32.1)
Circumferential extension, n (%)	
  <3/4	 428 (63.3)
  ≥3/4	 248 (36.7)
Median tumor size, mm (range)	  25 (2‑110)
En‑block curative resection rate (%)	 89.5 (606/676)
Observation months after ESD (range)	 54.4 (12‑145)
Adverse event, n (%)	
  Bleeding	 4 (0.6)
  Perforation 	 3 (0.4)
  Stenosis	 72 (10.7)

En‑bloc curative resection was 89.5% (606/676). The median obser‑
vation period was 54 months. Treatment complications included 
bleeding 0.6% (4/676), perforation 0.4% (3/676), and stenosis 10.7% 
(72/676). ESD, endoscopic submucosal dissection.
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Salvage endoscopic treatment
Patients. From September 2007 to July 2019, 68  patients 
(77 lesions) underwent salvage endoscopic treatment (ESD/PDT) 

for locally recurrent lesions after CRT for advanced esophageal 
cancer. Overall, 42 patients (51 lesions) underwent sal‑ESD and 
26 patients (26 lesions) underwent sal‑PDT (Fig. 3; Table III).

Table II. Characterization of additional therapy after endoscopic submucosal dissection.

Variable	 CRT  (n=65)	 Surgery  (n=11)	 Total  (n=76)

Age, years (range)	 67 (50‑83)	 60 (52‑72)	 60 (50‑83)
Sex, n (%)			 
  Male	 56 (86.2)	 10 (90.1)	 66 (86.8)
  Female	 9 (13.8)	 1 (9.1)	 10 (13.2)
Depth of tumor invasion, n (%)			 
  EP‑LPM	 4 (6.2)	 1 (9.1)	 5 (6.6)
  MM/SM1	 40 (61.5)	 4 (36.4)	 44 (57.9)
  ≥SM2	 21 (32.3)	 6 (54.5)	 27 (33.5)
Lymphovascular invasion, n (%)	 33 (50.8)	 8 (72.7)	 41 (53.9)
Vertical margin positive, n (%)	 11 (16.9)	 4 (36.4)	 15 (19.7)
Observation months after ESD (range)	 56.5 (6‑133)	 77.5 (30‑139)	 58.8 (6‑139)
Adverse event, n (%)			 
  Bleeding	 0 (0.0)	 0 (0.0)	 0 (0.0)
  Perforation	 0 (0.0)	 0 (0.0)	 0 (0.0)
Local recurrence rate after ESD, n (%)	 1 (1.5)	 0 (0.0)	 1 (1.3)
LN and/or another organ metastasis, n (%)	 5 (7.7)	 1 (9.1)	 6 (7.9)

Most cases were deeper than MM/SM1 or positive for lymphatic and vascular invasion. There were no adverse events associated with ESD. 
Overall, 1 patient had local recurrence after ESD and underwent chemoradiotherapy. LN and/or other organ metastases were found in a total 
of 6 cases. SD, endoscopic submucosal dissection; MM, muscularis mucosae; SM, submucosa; EP, epithelium; LPM, lamina propria; CRT, 
chemoradiotherapy; LN, Lymph node; ESD, endoscopic submucosal dissection.

Figure 1. Study flowchart of the conventional ESD. From September 2007 to July 2017, 565 patients (910 lesions) were treated with conventional esopha‑
geal ESD at Nagasaki University Hospital. Curative resection was performed in 392 patients (81.7%, 676 lesions), and 88 patients (149 lesions) underwent 
non‑curative resection. For additional therapy, chemoradiotherapy was performed in 65 patients and surgical resection was performed in 11 patients. SSCE, 
superficial squamous cell carcinoma of the esophagus; CRT, chemoradiotherapy; ESD, endoscopic submucosal dissection.
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Treatment results. The sal‑ESD group had an en‑bloc cura‑
tive resection rate of 95.2%, and the sal‑PDT group had an 
L‑CR rate of 92.3% (Table III). Adverse events associated 
with salvage endoscopic treatment were perforation 2.9% 
(2/68) and stricture 14.7% (10/68). In particular, postoperative 
stenosis was frequently observed in the PDT group. However, 

to prevent stenosis, we ensured that the peripheries did not 
exceed half the circumference and that the irradiation energy 
dose at one time was not excessive. In patients with stenosis, 
endoscopic balloon dilatation was performed. Two patients 
experienced perforation after PDT; both had esophageal 
tracheal fistulas, which were closed by placing endotracheal 

Figure 2. (A) Long‑term prognosis of conventional endoscopic submucosal dissection. The 5‑year OS rate was 83.1%, and the 5‑year CSS rate was 98.5%. 
(B) Long‑term prognosis by tumor depth. The 5‑year OS was significantly low among patients with SM2 infiltration in the resection pathological findings 
(*P<0.05, log‑rank test). However, compared with the 5‑year survival rate, the 5‑year CSS was an excellent long‑term prognosis even in SM2 patients (84.7%). 
(C) Long‑term prognosis after additional therapy. The 5‑year CSS in the additional chemoradiotherapy and additional surgical resection groups were 94.6 and 
87.5%. CRT, chemoradiotherapy; OS, overall survival; CSS, cause‑specific survival; SM, submucosa; EP, epithelium; LPM, lamina propria; MM, musclaris 
mucosae.

https://www.spandidos-publications.com/10.3892/etm.2023.11820
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stents followed by conservative treatment. Incidentally, there 
were no cases of skin phototoxicity. The median observation 
period after salvage endoscopic treatment was ~34 months 
(Table III). Therefore, the 3‑year OS and CSS were evaluated. 
The local recurrence rate was higher in the sal‑PDT group 
than in the sal‑ESD group (Table  III) because the tumor 
extended to the submucosa during endoscopic treatment 
in many cases. However, 75% (6/8) of patients with locally 
recurrent tumors reached L‑CR with additional treatment, 
e.g., APC or additional PDT (data not shown), suggesting the 

importance of regular endoscopic follow‑up. Although the 
recurrence rates of lymph node and distant metastases were 
low, it was higher in the sal‑PDT group than in the sal‑ESD 
group. The metastasis recurrence rate of salvage therapy 
was 11.7%. In principle, for local residual or recurrent cases 
after PDT, additional PDT should be considered. However, 
based on the patient's general condition (e.g., patients who 
cannot stand shading) and degree of stenosis, APC ablation or 
additional chemotherapy (according to standard chemotherapy 
for esophageal cancer) was provided. However, some patients 
chose the best supportive care.

Long‑term prognosis after salvage endoscopic treatment. A 
comparative study of the survival rate after salvage endoscopic 
therapy showed that the 3‑year OS rates were 75.4% for sal‑ESD 
and 35.4% for sal‑PDT (Fig. 4A). The 3‑year CSS rates were 
87.3 and 77.1% in the sal‑ESD and sal‑PDT groups, respectively. 
During the observation period from the initial treatment of CRT 
(Fig. 4B), over 80% of patients with sal‑ESD/PDT did not die of 
advanced esophageal cancer for over 5 years.

Examination of factors that affected the survival rate of 
salvage endoscopic treatment. During the entire observation 
period, 30 of 68 patients who underwent salvage endoscopic 
treatment died. Of these, cause of death in 10 patients was 
esophageal cancer (sal‑ESD, 5 cases; sal‑PDT, 5 cases). The 
cases in which patients died from the present illness were 
evaluated, including their background factors (Table IV). With 
regards the sal‑ESD group, there was no significant difference 

Table III. Characterization of salvage endoscopic therapy (sal‑ESD/sal‑PDT).

Variable	 Sal‑ESD (n=42)	 Sal‑PDT (n=26)	 Total (n=68)

Age, years (range)	 71.0 (53‑85)	 69.5 (55‑90)	 70.0 (53‑90)
Sex, n (%)			 
  Male	 34 (81.0)	 23 (88.5)	 57 (83.8)
  Female	 8 (19.0)	 3 (11.5)	 11 (16.2)
Depth of tumor invasion at initial CRT, n (%)			 
  T1b	 19 (45.2)	 8 (30.8)	 27 (39.7)
  T2	 7 (16.7)	 5 (19.2)	 12 (17.6)
  ≥T3	 14 (33.3)	 9 (34.6)	 23 (33.8)
  Unknown	 2 (4.8)	 4 (15.4)	 6 (8.8)
Months from CRT to recurrence (range)	 102.1 (16.3‑188.6)	 43.6 (8.5‑142.7)	 84.2 (8.5‑188.6)
En‑block resection rate /L‑CR rate, n (%)	 40 (95.2)	 24 (92.3)	 64 (95.2)
Observation months after salvage therapy (range)	 40.7 (9.4‑142.3)	 29.5 (9.8‑130.5)	 34.7 (9.4‑142.3)
Adverse event at salvage therapy, n (%)			 
  Bleeding	 0 (0.0)	 0 (0.0)	 0 (0.0)
  Perforation	 0 (0.0)	 2 (7.7)	 2 (2.9)
  Stenosis	 3 (7.1)	 7 (26.9)	 10 (14.7)
Local/ectopic recurrence rate, n (%)	  9 (21.4)	  12 (46.2)	 21 (30.8)
LN and/or another organ metastasis, n (%)	  5 (11.9)	   2 (7.7)	   7 (10.3)

More than half of the cases were deeper than pT2. Few adverse events were associated with salvage therapy. Local recurrence rate for sal‑PDT 
was higher compared with that for sal‑ESD. Invasion depth at the recurrence time was more profound in the PDT group. Lymph node/other 
organ metastases were found in a total of 8 cases. ESD, endoscopic submucosal dissection; PDT, photodynamic therapy; L‑CR, local complete 
response; LN, lymph node; sal, salvage. 

Figure 3. Study flowchart of the salvage endoscopic treatment. Overall, 
68 patients underwent salvage endoscopic treatment from 2007 to 2019. 
The number of salvage endoscopic submucosal dissection was 42 patients 
(51 lesions), and 26 patients (26 lesions) underwent salvage photodynamic 
therapy. CRT, chemoradiotherapy; ESD, endoscopic submucosal dissection; 
PDT, photodynamic therapy.
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in age, sex, or the depth of invasion at the time of the first onset; 
furthermore, the en‑bloc resection rate was also low. Only one 
case with a positive horizontal margin died. With regards the 
sal‑PDT group, there was no significant difference in age, sex, 
and invasion depth at the time of onset; however, the L‑CR 
rate was significantly lower, and the local recurrence rate and 
LN and/or another organ metastasis rate after treatment were 
significantly higher (Table V). In addition, death was signifi‑
cantly higher among patients who developed stenosis after 
treatment. This is thought to be because residual recurrence 
could not be evaluated due to stenosis, and additional treatment 
could not be provided.

Discussion. 

In this study, we report the results of ESD treatment for 
superficial esophageal cancer in our hospital. The batch 
curative resection rate was 86.9%, which was good. Even for 
non‑curative resection cases with mainly SM infiltration, good 
long‑term results were obtained by early appropriate additional 
treatment. Esophageal ESD for superficial esophageal cancer 
has become the standard treatment and can be performed at 
various facilities. Although this was a single‑center study, 
>600 cases were accumulated, and there have been no previous 
reports with such a long‑term follow‑up.

According to the Guidelines for Diagnosis and Treatment of 
Carcinoma of the Esophagus (20), if pT1a‑EP/LPM is negative 
for LVI and excision margin, the frequency of metastatic recur‑
rence is low and no additional treatment is required. However, 
pT1a‑MM cancer has an increased risk of metastasis, and the 
frequency of metastasis varies depending on the presence or 
absence of LVI; thus, additional treatment is strongly recom‑
mended  (21,22). After endoscopic resection of esophageal 
cancer, in addition to local and metastatic recurrences, meta‑
chronous intraesophageal multiple cancer and metachronous 
cancer of another organ may occur. Conducting surveillance 
is also essential for improving prognosis. At our hospital, we 
usually set follow‑up intervals according to the depth of inva‑
sion of the resected pathological tissue and perform endoscopy 
and CT regularly after conventional ESD (see 2.5. Patient 
follow‑up). Since post‑treatment ulcers are complicated, espe‑
cially after salvage PDT, we also perform random biopsies 
from the treated area. Owing to strict follow‑up intervals, most 
recurrent cases are detected early and are quickly provided 
additional treatment. CRT or surgical resection is the stan‑
dard treatment for esophageal cancer deeper than pT2 with 
LVI (20). CRT for esophageal cancer can preserve organs, and 
the frequency of lymph node recurrence in the irradiation field 
is low (23,24); however, the rates of residual recurrence in the 
esophagus (8) and the number of patients with local residual 

Figure 4. (A) Survival rate after salvage endoscopic therapy. The 3‑year OS was 62.3% for total salvage therapy (sal‑ESD, 75.4%; sal‑PDT, 35.4%). The 3‑year 
CSS was 83.5% for total salvage therapy (sal‑ESD, 87.3%; sal‑PDT, 77.1%). (B) Survival rate after CRT. The 5‑year OS was 80.4% for total salvage therapy 
(sal‑ESD, 82.9%; sal‑PDT, 50.4%). The 5‑year CSS was 86.7% for total salvage therapy (sal‑ESD, 90.4%; sal‑PDT, 80.4%). OS, overall survival; sal, salvage 
therapy; ESD, endoscopic submucosal dissection; PDT, photodynamic therapy; CSS, cause‑specific survival; CRT, chemoradiotherapy.
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recurrence are high (25). Since the prognosis is poor, it is 
important to determine how to perform local control. If this 
problem can be solved, it is expected that the treatment results 
for esophageal cancer will further improve (26). Therefore, 
even if CRT reaches CR, local control can be sufficiently 
performed by detecting local recurrence early and performing 
sal‑ESD without neglecting regular screening. Based on our 
experience, there were many cases in which the submucosal 
layer became fibrotic due to irradiation, and it was not easy 
to treat. After a thorough preoperative examination, the 
depth of lesion invasion and degree of fibrosis was predicted, 
and careful mucosal resection enabled the treatment to be 
completed with few complications. Sal‑PDT was selected for 
patients with a deeper predicted invasion depth and cases in 
which detachment was difficult with ESD. Yano et al. reported 
the effectiveness of sal‑PDT in 2002 (27), and since 2015, it 
has been indicated for recurrent esophageal cancer after CRT 
as an insurance‑covered medical treatment in Japan (17). At 
our hospital, we introduced PDT as an advanced medical 
treatment in 2007, and we were able to perform long‑term 
follow‑ups. Although there are some reports on the usefulness 
of sal‑PDT, the long‑term prognosis has not been examined. 
Table III shows that many patients had a depth of invasion of 
T2 or higher and stage II or higher at the first visit. Generally, 
the 5‑year survival rate for advanced esophageal cancer of 
clinical stage II is 58.6% (18); however, the salvage endoscopic 

treatment can be used for local control at an early stage to 
reach a low rate of lymph node/distant metastasis and achieve 
a high survival rate. Herein, the sal‑ESD group had an en‑bloc 
curative resection rate of 96.1%, and the sal‑PDT group had 
an L‑CR of 92.3%. The 5‑year CSS rates were 81.3 and 77.1% 
in the sal‑ESD and sal‑PDT groups, respectively, which were 
excellent considering that the initial diagnosis was advanced 
cancer. During the observation period from the initial treat‑
ment of CRT, >80% of patients with sal‑ESD/PDT did not die 
of advanced esophageal cancer for >5 years. The reason for 
the high curative resection rate might be that the endoscopic 
follow‑up had been performed regularly even after CRT and 
early detection and treatment were performed. Moreover, the 
average tumor diameter was smaller in the PDT group than in 
the ESD group. Perforation and stenosis rates were higher in 
the PDT group than in the ESD group. These complications 
probably occurred because the lesions that infiltrated deeper 
were indicated for PDT, and as a result, the effects of laser 
irradiation extended to the deep submucosa. This suggests the 
usefulness of salvage endoscopic treatment for locally recur‑
rent lesions after CRT; it is a beneficial treatment option for the 
treatment of SSCE. Fig. 5 illustrates the treatment strategy for 
SSCE at our hospital. For lesions up to pT1a‑MM/pT1b‑SM1 
cancer based on a preoperative endoscopic diagnosis, if there 
is no distant metastasis, endoscopic treatment should be 
selected, and regular follow‑up or additional treatments should 

Table IV. Examination of factors that affect the survival rate of sal‑ESD.

	 Sal‑ESD survival	 Sal‑ESD death from esophageal	
Variable	 (n=37)	 cancer (n=5)	 P‑value

Age, years (range)	 71.0 (53‑85)	 69.5 (55‑90)	 0.5588
Sex, n (%)			   0.9542
  Male	 30 (81.1)	 23 (88.5)	
  Female	 7 (18.9)	 3 (11.5)	
Depth of tumor invasion at initial CRT, n (%)			   0.5353
  T1b	 17 (45.9)	 2 (30.8)	
  T2	 6 (16.2)	 1 (19.2)	
  ≥T3	 12 (32.5)	 2 (34.6)	
  Unknown	 2 (5.4)	 0 (15.4)	
Months from CRT to recurrence (range)	 107.3 (32.4‑188.6)	 35.0 (16.3‑85.3)	 0.0019
En‑block resection rate, n (%)	 37 (100)	 3 (60.0)	 0.0022
Depth of tumor invasion, n (%)			   0.0694
  EP‑LPM	 33 (89.2)	 2 (40.0)	
  MM/SM1	 4 (10.8)	 2 (40.0)	
  ≥SM2	 0 (0.0)	 1 (20.0)	
Lymphovascular invasion, n (%)	 0 (0.0)	 0 (0.0)	 ‑
Vertical margin positive, n (%)	 0 (0.0)	 1 (20.0)	 0.0370 

Background factors that influenced the 3‑year CSS of sal‑ESD were examined. There were no significant differences in age, sex or depth of 
invasion at the initial CRT. However, in patients who died after sal‑ESD, the number of months from CRT to recurrence were significantly 
fewer, and en‑bloc resection rate was lower. One patient had a positive horizontal margin and died of lymph node metastasis after residual 
recurrence. ESD, endoscopic submucosal dissection; CRT, chemoradiation therapy; EP, epithelium; LPM, lamina propria; MM, muscularis 
mucosae; SM, submucosa; CRT, chemoradiotherapy; LN, Lymph node; ESD, endoscopic submucosal dissection; sal‑, salvage.
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be considered according to the postoperative histopathological 
findings. Salvage endoscopic treatment is performed according 

to the degree of invasion for local residual/recurrent lesions 
after CRT. We believe that salvage endoscopic treatment can 

Table V. Examination of factors that affected the survival rate of sal‑PDT.

	 Sal‑PDT survival	 Sal‑PDT death from esophageal	
Variable	 (n=21)	 cancer (n=5)	 P‑value

Age, years (range)	 69.0 (55‑90)	 71.0 (67‑83)	 0.9818
Sex, n (%)			   0.5355
  Male	 19 (81.1)	 4 (88.5)	
  Female	 2 (18.9)	 1 (11.5)	
Depth of tumor invasion at initial CRT, n (%)			   0.4821
  T1b	 7 (45.9)	 1 (30.8)	
  T2	 4 (16.2)	 1 (19.2)	
  ≥T3	 6 (32.5)	 3 (34.6)	
  Unknown	 4 (5.4)	 0 (0.0)	
Months from CRT to recurrence (range)	 48.6 (21.8‑142.7)	 25.7 (8.5‑27.2)	 0.0706
L‑CR rate, n (%)	 21 (100)	 3 (60.0)	 0.0066
Adverse event at salvage PDT, n (%)			 
  Bleeding	 0 (0.0)	 0 (0.0)	 ‑
  Perforation	 2 (0.0)	 0 (0.0)	 0.3446
  Stenosis	 5 (7.1)	 2 (40.0)	 0.0192
Local/ectopic recurrence rate, n (%)	 8 (38.1)	 4 (80.0)	 0.0845
LN and/or another organ metastasis, n (%)	 0 (0.0)	 2 (40.0)	 0.0066

Background factors that influenced the 3‑year CSS of sal‑PDT were examined. There was no significant difference in age, sex, depth of inva‑
sion at the initial CRT or the number of months between CRT and recurrence. However, the L‑CR rate was significantly lower, and LN and/or 
another organ metastasis rate was significantly higher. In addition, among the patients who died, the incidence of stenosis after treatment was 
significantly high. PDT, photodynamic therapy; CRT, chemoradiation therapy; LN, Lymph node; sal, salvage.

Figure 5. Treatment strategy for superficial esophageal cancer in Nagasaki University Hospital. For lesions up to pT1a‑MM/pT1b‑SM1 cancer by preopera‑
tive endoscopic diagnosis, if there is no distant metastasis and sufficient informed outlet is obtained, endoscopic treatment is selected; chemoradiotherapy 
is selected according to postoperative histopathological findings, and additional treatments such as surgical resection are considered. Furthermore, salvage 
endoscopic treatment is performed according to the degree of invasion for local residual/recurrent lesions after chemoradiotherapy. †If all the above condi‑
tions are negative; †† if any of the above conditions are positive. MM, muscularis mucosae; SM, submucosa; EP, epithelium; LPM, lamina propria; ESD, 
endoscopic submucosal dissection; EGD, Esophagogastroduodenoscopy; CT, computed tomography; CRT, chemoradiotherapy; PDT, photodynamic therapy; 
CT, computed tomography; M, mucosa. 
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control esophageal cancer while expanding treatment options 
and improving QOL. Regular endoscopic follow‑up after 
treatment is essential for that purpose. This study has some 
limitations. First, this is a single‑center study. Nevertheless, 
many cases have been accumulated. Second, the test method at 
the time of diagnosis was not identical for all patients (e.g., not 
all patients underwent endoscopic ultrasound or PET‑CT for 
diagnosis), and there were variations in pretreatment diagnosis. 
Finally, the long‑term prognosis after CRT was not compared 
with the recurrence‑free group and the cases in which salvage 
endoscopy was not indicated.

High en‑bloc curative resection and survival rates were 
obtained for SSCE. Even in non‑curative resection cases, 
long‑term survival was obtained with appropriate early addi‑
tional treatment. Establishing salvage endoscopic treatment 
makes long‑term control of the underlying disease possible 
while maintaining QOL in patients with recurrent advanced 
esophageal cancer deeper than SM2 who underwent CRT and 
those with recurrence after additional CRT after ESD.
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