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Abstract

Background The validity of endoscopic submucosal dissection (ESD) for esophageal squamous cell carcinoma
(ESCQ) in older individuals with comorbidities remains unclear. Therefore, this study evaluated the safety and efficacy
of ESD and additional treatment for ESCC in older adult patients.

Methods The clinicopathological characteristics and clinical outcomes of 398 consecutive older adult patients (> 65
years) with 505 lesions who underwent ESD for ESCC at the Hiroshima University Hospital between September 2007
and December 2019 were retrospectively evaluated. Additionally, the prognoses of 381 patients who were followed
up for > 3 years were assessed.

Results The mean patient age and procedure time were 73.1+5.8 years and 77.1£43.5 min, respectively. The
histological en bloc resection rate was 98% (496/505). Postoperative stenosis, perforation, pneumonia, and delayed
bleeding were conservatively treated in 82 (16%), 19 (4%), 15 (3%), and 5 (1%) patients, respectively. The 5-year overall
and disease-specific survival rates were 78.9% and 98.0%, respectively (mean follow-up time: 71.1 +37.3 months).
Multivariate analysis showed that age and the American Society of Anesthesiologists classification of physical status
class >lll (hazard ratio: 1.27; 95% confidence interval: 1.01-1.59, p=0.0392) were independently associated with overall
survival. A significantly lower overall survival rate was observed in the high-risk follow-up group than in the low-risk
follow-up and high-risk additional treatment groups (p <0.01). However, no significant difference in disease-specific
survival was observed among the three groups.

Conclusions ESD is safe for ESCC treatment in patients aged > 65 years. However, additional treatments should be
considered based on the patient’s general condition.

Keywords Esophageal cancer, Older individual, Endoscopic submucosal dissection, American Society of
anesthesiologists classification of physical status class, Long-term prognosis

*Correspondence: Department of Gastrointestinal Endoscopy and Medicine, Hiroshima
Yuji Urabe University Hospital, 1-2-3, Kasumi, Minamiku, Hiroshima 734-8551, Japan
beyan13@hiroshima-u.ac.jp 3Department of Clinical Research Center, Hiroshima University Hospital,
'Department of Gastroenterology, Hiroshima University Hospital, Hiroshima, Japan

Hiroshima, Japan “Department of Molecular Pathology, Graduate School of Biomedical and

Health Sciences, Hiroshima University, Hiroshima, Japan

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-024-03234-7&domain=pdf&date_stamp=2024-5-13

Konishi et al. BMC Gastroenterology (2024) 24:164

Introduction

Esophageal squamous cell carcinoma (ESCC) is one of
the most common malignant tumors in East Asia [1]. In
Japan, the peak age for ESCC onset is the 60s, with most
cases occurring in individuals in their 50s and 70s [2].
Recently, Japan has had an increasingly aging popula-
tion, resulting in an increasing incidence of ESCC among
older individuals [3].

Generally, physiological functions and activities of daily
living (ADL) decline as patients age, usually limiting their
treatment options for cancer [4]. Physiological functions,
ADL, and basic diseases in older adult patients vary
widely among older individuals, and treatments should
be considered based on the expected life prognosis, liv-
ing environment, and social background. Furthermore,
many patients with ESCC have underlying diseases, such
as chronic obstructive pulmonary and cardiovascular dis-
eases, because ESCC occurs mostly in regular smokers
and drinkers [5].

Chemoradiotherapy (CRT) and surgical resection are
usually used to treat ESCC. However, CRT frequently
causes lung damage, and cardiac and pulmonary func-
tions affect the ability to tolerate surgery. Surgery-related
mortality is reportedly 2% in thoracic ESCC surgery [6]
and is expected to be even higher in older adult patients
and those with underlying comorbidities. Therefore,
some cases of ESCC are difficult to treat using surgery or
CRT [7, 8].

Endoscopic submucosal dissection (ESD) has been
reported to be useful in treating ESCC, and it is consid-
ered a treatment option for patients with ESCC. How-
ever, the indication for ESD in ESCC is T1 cancer without
lymph node metastasis. Additional treatment with sur-
gery or CRT is required in cases with positive vertical
margins or the risk of lymph node metastasis after ESD
[9]. However, additional treatment may be difficult in
patients with superficial ESCCs who require additional
treatment with CRT or surgery after ESD owing to their
age or underlying disease. Furthermore, determining the
safety and prognosis after ESD for these patients is cru-
cial for developing treatment strategies for superficial
ESCCs in older individuals and patients with underlying
diseases. Therefore, this study aimed to investigate the
safety and prognosis of ESD in older adult patients with
ESCC, considering their age and physical condition.

Methods

Study design and population

Consecutive patients with superficial ESCCs aged>65
years who underwent ESD at Hiroshima University
Hospital between September 2007 and December 2019
were retrospectively enrolled. Prognoses and recurrence
among patients who did not regularly visit our hospital
were surveyed via telephone.
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The following variables were investigated to determine
the clinical outcomes of ESD: (i) complete en bloc resec-
tion, (ii) mean procedure time, and (iii) complications
(perforation, postoperative bleeding, pneumonia, and
postoperative stenosis). Older individuals were defined
as those aged>65 years [10]. Individuals aged 65-74
and 275 years were defined as early- and late-term older
adult persons, respectively, since physical function is
believed to be deteriorating in late-term older adults [11].
Therefore, we divided the age group by 75 years to inves-
tigate the prognosis.

ESD procedure
The number of Lugol-voiding lesions per endoscopic
view was counted, and the grading was classified into the
following categories: (i) grade A, no lesions; (ii) grade B,
1-9 lesions; and (iii) grade C, 210 lesions [12].
Esophageal ESD was performed by gastrointestinal
endoscopists affiliated with the Japanese Society of Gas-
troenterological Endoscopy who had performed>100
ESD procedures. High-frequency electrocautery was
performed using ESG100 (Olympus, Tokyo, Japan) or
VIO300D (ERBE Elektromedizin GmbH, Tubingen,
Germany). An upper gastrointestinal endoscope with
a water-delivery function (GIF-Q260] or GIF-H290T;
Olympus Optical Industries Corporation, Tokyo, Japan)
and a transparent hood attachment (TOP Corpora-
tion, Tokyo, Japan) were used. ESD was performed using
DualKnife/DualKnife ] and SB knife Jr after marked dots
were placed outside the lesion margins using iodine
staining. The injection solution was a 10% glycerin solu-
tion containing a small amount of indigo carmine for full
incisions. A solution of 0.4% sodium hyaluronate (Muco
Up; Boston Scientific, Tokyo, Japan) diluted twice with
a 10% glycerin solution containing a small amount of
indigo carmine was used for submucosal injection. The
procedure time was defined as the time from the initial
mucosal injection to the completion of resection. Post-
operative bleeding was defined as bleeding that required
transfusion or resulted in decreased hemoglobin lev-
els by 2 g/dL within >24 h after the procedure. Perfora-
tion was diagnosed if endoscopically confirmed during
the procedure or if mediastinal emphysema or a small
amount of free air was observed during chest computed
tomography (CT). Stenosis was defined as the failure of
a conventional single-channel endoscope to pass through
the stenosis. Bleeding was endoscopically stopped using
hemostatic forceps (Coagrasper, Olympus, Tokyo, Japan),
and transfusion was performed as required. In cases with
perforation, the mucosal defect was completely closed
using EZ clips (Olympus) endoscopically, if possible. The
patients were allowed to skip meals and take antibiotics
until their fever and abdominal pain resolved and inflam-
matory findings improved. Patients with pneumonia
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were allowed to skip meals and take antibiotics until their
fever resolved and the inflammatory findings improved.
For patients with more than three-quarters circumfer-
ence resection of the esophagus, a localized steroid injec-
tion was administered after ESD to prevent stenosis.

Repeated endoscopic balloon dilation was performed
in patients with postoperative stenosis.

Histopathologic evaluation

The specimens resected using ESD were stretched,
pinned, and fixed in a 10% formalin solution. They were
sliced at 2-mm-thick intervals and evaluated micro-
scopically. The depth of the submucosa was determined
following the General Rules for Clinical and Pathologi-
cal Studies on Cancer of the Esophagus, outlined by the
Japanese Society for the Esophagus [13]. Lesions were
classified as Tla (epithelial [EP]/lamina propria muco-
sal [LPM]/muscularis mucosal [MM]) or T1b (submu-
cosal [SM]) carcinomas. Lymphovascular invasion was
assessed using only hematoxylin and eosin staining until
October 2013 and subsequently with Elastica van Gie-
son and D2-40, in addition to hematoxylin and eosin.
Curative resection is not clearly defined in the Japanese
Esophageal Association guidelines [13, 14]; therefore,
it was defined as T1la carcinoma with negative lympho-
vascular status in this study. Moreover, curative and non-
curative resection cases were classified as the low-risk
follow-up and high-risk groups, respectively. The com-
plete en bloc resection rate was defined as a one-piece
resection of the entire lesion with endoscopically and
pathologically negative margins. Furthermore, the degree
of submucosal fibrosis was classified into the none, mild,
and severe groups based on a previous report [15].

Follow-up schedule after ESD

Patients underwent annual upper gastrointestinal endos-
copy after curative resection. Those who underwent
additional surgery after noncurative resection also had
medical examinations every 3 months postoperatively.
CT examinations and upper gastrointestinal endoscopy
were performed every 6 months and annually, respec-
tively. Moreover, patients who received follow-up treat-
ment or CRT after noncurative resection also underwent
upper gastrointestinal endoscopy 1-2 months after ESD,
and ulcer scars were confirmed after excision. Subse-
quently, upper gastrointestinal endoscopy was performed
every 4—-6 months, while CT was conducted every 4—6
months to evaluate lymph node metastasis, distant
metastasis, and recurrence. However, the surveillance
period was flexible depending on each patient’s physical
condition. Recurrence was confirmed based on imaging
or pathological findings. Local residual recurrence was
defined as the scar recurrence after ESD. Death due to
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ESCC was defined as primary cancer death, and death
from other causes as deaths due to other diseases.

Variables investigated

Variables for clinical outcomes of ESD were investigated
as follows: complete en bloc resection, average procedure
time, and adverse events (postoperative stenosis, perfora-
tion, pneumonia, and delayed bleeding). We analyzed the
risk factors for poor prognosis and compared overall sur-
vival (OS) and disease-specific survival (DSS) according
to the risk factors for poor prognosis among the low-risk
follow-up, high-risk additional treatment, and high-risk
follow-up groups.

The American Society of Anesthesiologists classifica-
tion of physical status (ASA-PS) [16] was used for cat-
egorizing the preoperative physical status of patients as
follows: (i) ASA-PS class I, normal healthy patients; (ii)
ASA-PS class 1, patients with mild systemic disease; (iii)
ASA-PS class III, patients with a severe systemic disease
that is not life-threatening; (iv) ASA-PS class IV, patients
with extreme systemic disorders that have become an
imminent threat to life regardless of the type of treat-
ment; (v) ASA-PS class V, moribund patients who are not
expected to survive; and (vi) ASA-PS class VI, patients
declared brain-dead whose organs are being removed
for donor purposes. Prognostic nutritional indexes were
also evaluated, including the Onodera Prognostic Nutri-
tional Index (PNI=10 albumin (Alb) [g/dL]+0.005 total
lymphocyte count [/mm? peripheral blood]) [17], neutro-
phil-to-lymphocyte ratio (NLR=total lymphocyte count
[/mm? peripheral blood]/total neutrophil count [/mm?
peripheral blood]) [18], Geriatric Nutritional Risk Index
(GNRI=14.89 Alb [g/dL]+41.7 weight [kg]/22 height?
[m?]) [19], Alb, and body mass index (=weight [kg]/
height? [m?]).

Ethical statement

This study protocol was conducted in accordance with
the principle of the Declaration of Helsinki and was
approved by the Institutional Review Board of Hiroshima
University (approval number: E2023-0195). All patients
were informed of the risks and benefits of ESD and pro-
vided written informed consent.

Statistical analysis

Quantitative data are presented as mean+standard devi-
ation or percentage. Differences in categorical variables
were analyzed using the chi-square test with the Yates
correction or Fisher’s exact test. The risk factors for poor
prognosis were analyzed using univariate and multivari-
ate analyses. Continuous and qualitative variables were
analyzed using Student’s ¢-test or the Mann—Whitney U
test and Pearson’s chi-squared test, respectively. Statis-
tical significance was set at p<0.05. Logistic regression
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analysis was performed to examine the risk factors for
poor OS. OS and DSS rates were calculated using the
Kaplan—Meier method. All statistical analyses were per-
formed using JMP statistical software version 16.0.0 (SAS
Institute, Cary, North Carolina, USA).

Results

Patient and lesion characteristics

Among the consecutive patients with superficial ESCC
who underwent ESD, 398 older adult patients with 505
superficial lesions were enrolled. Prognoses and recur-
rences were evaluated in 381 older adult patients (96%).
Supplementary Tables 1 and 2 present the clinicopatho-
logical characteristics of the patients.

ESD outcomes

Table 1 presents the short-term outcomes. The mean
procedure time, en bloc resection rate, and complete en
bloc resection rate were 77.1 min, 98%, and 95%, respec-
tively. Severe fibrosis was observed in 86 (17%) lesions.
Endoscopic balloon dilatation was performed in 82 (16%)
patients because of postoperative stenosis. Addition-
ally, perforation, pneumonia, and delayed bleeding were
observed in 19 (4%), 15 (3%), and 5 (1%) patients, respec-
tively. All cases were resolved with conservative treat-
ment, and no ESD-related deaths occurred. Pathological
diagnoses included 380 (75%), 61 (12%), and 64 (13%)
EP/LPM, MM, and SM lesions, respectively. In total, 44
(9%) and 22 (4%) lesions had positive lymphatic invasion
and venous invasion, respectively. Noncurative resec-
tions using ESD (lymphovascular invasion positive and/

Table 1 Outcomes of endoscopic submucosal dissection

Variables (%)
Procedure time, min, mean+SD 77.1+435
En bloc resection (%) 496 (98)
Complete en bloc resection (%) 479 (95)
Submucosal fibrosis (%)
None/mild 419 (83)
Severe 86 (17)
Adverse event (%)
Postoperative stenosis 82 (16)
Perforation 19 4
Pneumonia 15 (3)
Delayed bleeding 5 (1)
Pathological diagnosis (%)
EP/LPM 380 (75)
MM 61 (12)
SM 64 (13)
Lymphovascular involvement* (%) 54 1n
Lyl 44 ©)
V1 22 “)

EP, epithelial; LPM, lamina propria mucosae; MM, musclaris mucosae; SM,
submucosa; Ly, lymphatic invasion; V, venous invasion.

* overlapped.
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or pT1b-SM) were observed with 76 (15%) lesions. Sup-
plementary Table 3 presents the clinical characteristics of
lesions and short-term outcomes by ASA-PS. Tumor size,
procedure time, pathological diagnosis, and lymphovas-
cular involvement were significantly different between
the ASA-PS classes I/1I and IIL

Prognoses after ESD

The prognoses of 381 (96%) patients were investigated
(mean follow-up period of 71.1+37.3 months). Among
the 76 patients diagnosed with noncurative resection
based on the pathological findings from ESD specimens,
40, 7, 1, and 6 were additionally treated with CRT, radio-
therapy (RT), chemotherapy, and surgery, respectively,
and 22 were followed up without additional treatment.

Supplementary Table 4 shows the causes of death in
these patients. In total, 104 patients died during the
observation period; seven of them died because of ESCC.
Four of the seven patients were diagnosed with an inva-
sive depth of pTla without lymphovascular invasion
based on the pathological findings after ESD and were
followed up without additional treatment. The diagno-
ses were pT'la-EP, pT1la-LPM, and pT1la-MM in one, one,
and two cases, respectively (the pT'la-EP and pTla-LPM
in one case each were performed before October 2013).
Lymph node metastasis from the metachronous carci-
noma, which was 0-IIa in the cervix and diagnosed as
cT1b-SM, recurred in the patient diagnosed with pT1la-
EP, while lymph node metastasis from the primary carci-
noma recurred in the other patients. Contrastingly, three
of the seven patients who died because of ESCC were
diagnosed with invasive depth pT1la with lymphovascular
invasion or pT'1b based on the pathological findings after
ESD. Two of the three patients were treated with CRT
after ESD, and the other patient was followed up without
additional treatment.

The most common cause of death from other diseases
was cancer, excluding esophageal cancer, pneumonia,
and cardiac disease. The breakdown of deaths due to
other cancers was as follows: lung cancer, n=7 (19%); oral
cancer, n=6 (16%); liver cancer, n=4 (11%); colorectal
cancer, n=4 (11%); pancreatic cancer, n=4 (11%); blad-
der cancer, n=3 (8%); gastric cancer, n=2 (5%); malignant
lymphoma cancer, n=2 (5%); myelodysplastic syndromes,
n=2 (5%); duodenal cancer, n=1 (3%); renal cancer, n=1
(3%); and occult primary cancer, n=1 (3%). Overall, 24 of
the 37 patients had a history of other organ cancers, and
we performed ESD because their cancers were believed
to be under control. However, 15 patients died because
of the recurrence of their cancers. Two of the 37 patients
were diagnosed with other organ cancers for which they
were planned to undergo curative surgery simultaneously
with ESCC. Although both patients underwent surgery
for other cancers after ESD for ESCC, they died owing
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to uncontrolled cancer of other organs. Subsequently,
11 of the 37 patients died of newly found cancer of other
organs>2 years after ESD for ESCC.

Table 2 presents the OS according to the prognostic
factors. Univariate analysis with log-rank tests showed
that age, ASA-PS, Alb, PNI, GNRI, NLR, tumor loca-
tion, and history of advanced cancer, excluding esopha-
geal cancer, were significantly associated with impaired
survival. However, multivariate analysis showed that age
(hazard ratio: 1.02; 95% confidence interval (CI): 1.00-
1.04, p=0.0458) and ASA-PS class III (hazard ratio: 1.27;
95% CI 1.01-1.59, p=0.0392) were independently associ-
ated with OS.

Figure 1 shows the OS and DSS rates of older adult
patients with ESCC after ESD. No difference in OS and

Table 2 Risk factors associated with poor overall survival
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DSS rates was observed between the <75-year-old and
275-year-old groups (Fig. 1a and b). The OS rate in the
ASA-PS class III was significantly lower than that in the
ASA-PS class I/II (p<0.0001), although no difference in
DSS rate was observed between the two groups (Fig. 1c
and d). A significantly lower OS rate was observed in the
high-risk follow-up group than in the low-risk follow-
up and high-risk additional treatment groups (p<0.01).
However, no significant difference was observed in DSS
among the three groups (Fig. le and f). A significantly
lower DSS rate was observed in the high-risk group
of patients in the ASA-PS class III than in the low-risk
group of patients in the ASA-PS class III (p<0.05). Fur-
thermore, no difference was observed in DSS between

Variables

Univariate analysis

Multivariate analysis

HR 95% ClI P-value HR 95% Cl P-value

Age, year 1.03 1.01-1.05 0.0008 1.02 1.00-1.04 0.0458
Sex 0.5844

male 1.09 0.80-1.48

female 1 Ref
BMI 097 0.93-1.00 0.0616
ASA-PS 0.0051 0.0392

Class /1l 1 Ref 1 Ref

Class Il 1.37 1.10-1.70 127 1.01-1.59
Alb, g/dL 0.58 0.45-0.75 <0.0001 0.83 047-1.46 05167
PNI 0.95 0.93-0.97 <0.0001 0.99 0.95-1.04 0.7303
GNRI 097 0.96-0.99 <0.0001 0.99 0.97-1.00 0.1161
NLR 0.64 0.40-0.99 <0.0001 0.90 0.52-1.56 0.7155
Use of anticoagulants and/or antiplatelet drugs 1.21 0.93-1.56 0.1535
History of other advanced cancer 1.35 1.09-1.67 0.0052 1.27 1.01-1.58 0.0794
History of esophageal cancer 1.09 0.84-1.40 0.5344
Multiple Lugol voiding lesion 0.2018

A/B 1 Ref

@ 1.15 0.93-1.41
Tumor size, mm 1.00 1.00-1.01 0.3082
Macroscopic type

0-lla 1 Ref

0-llb 0.70 0.35-1.40 03121

0-lic 1.32 0.82-2.12 0.2600
Tumor location

CeorUt 1 Ref 1 Reference

Mt 0.64 049-0.84 0.0010 0.66 0.50-0.87 0.0032

Ltor Ae 093 0.58-1.26 0.6339 0.96 0.70-1.31 0.7874
Circumferential range

<2/3 1 Ref

22/3 0.95 0.70-1.27 0.7057

Whole circumference 1.22 0.77-1.95 0.3963
Postoperative stricture 0.91 0.70-1.18 04746

Three hundred and eighty-one elderly patients with ESCC were observed for >3 years. The overall survival rate was examined for each risk factor using a log-rank

test. Multivariate analysis was calculated using a Cox proportional hazards model

BMI, body mass index; ASA-PS, American Society of Anesthesiologists classification of physical status; PNI, prognostic nutritional index; GNRI, geriatric nutritional
risk index; NLR, neutrophil to lymphocyte ratio; Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, mid-thoracic esophagus; Lt, lower thoracic esophagus;

Ae, abdominal esophagus
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(See figure on previous page.)

Fig. 1 Overall and disease-specific survival (OS and DSS) rates in 381 older adult patients with superficial ESCC. (a, b) OS and DSS according to age. No
difference in OS and DSS was observed between the < 75-year-old and > 75-year-old groups. (c) OS according to the ASA-PS classification. A significantly
lower OS rate was observed in patients in the ASA-PS class lll than in those in the ASA-PS class I/1l (p < 0.0001). (d) DSS according to the ASA-PS classifica-
tion. No difference was observed between patients in the ASA-PS classes I/1l and lll. (e) OS according to the presence or absence of additional treatments
after ESD. A significantly lower OS rate was observed in the high-risk follow-up group than in the low-risk follow-up and high-risk additional treatment
groups (p<0.01). (f) DSS according to the presence or absence of additional treatments after ESD. No significant difference was observed between the
high-risk follow-up, low-risk follow-up, and high-risk additional treatment groups. (g, h) DSS according to the presence or absence of additional treat-
ments among patients in the ASA-PS class Ill. A significantly lower DSS rate was observed in the high-risk group than in the low-risk group (p <0.05), and

no difference in DSS rate was observed between the high-risk additional treatment and the high-risk follow-up group

the high-risk additional treatment and high-risk follow-
up groups (Fig. 1g and h).

Discussion

This study revealed that no ESD-related deaths occurred
among patients with ESCC aged >65 years, and age and
ASA-PS were significantly associated with poor prog-
nostic factors. Additionally, no significant difference
was observed in the prognoses between the presence or
absence of additional treatment in the high-risk groups
of patients in the ASA-PS class III, which is a poor prog-
nostic factor. Previous studies reported no differences in
short-term ESD outcomes between older and younger
patients [12, 20, 21]. Meanwhile, the postoperative 30-
and 90-day mortality rates were significantly higher in
older adult patients (=70 years) than in younger patients
(<70 years) [22]. Previous studies [23, 24] reported signif-
icantly more postoperative adverse events in older adult
patients than in younger patients. Additionally, compar-
ing the short- and long-term outcomes of endoscopic
versus surgical therapy for early ESCC in older adult
patients showed that the 2-year survival rate after endos-
copy was significantly higher than that after surgery [25].
Therefore, ESD for ESCC is considered appropriate and
a safe and minimally invasive treatment for older adult
patients.

Our study’s data showed that age and the ASA-PS
were poor prognostic factors in older adult patients with
ESCC after ESD. Previous studies [26—30] have examined
the association between nutritional and general health
statuses and prognosis in older adult patients with can-
cer. However, only a few studies have investigated the
relationship between nutritional status and prognosis
after ESD for ESCC [31]. Therefore, we hypothesized that
patients’ nutritional and general health statuses, such
as their ASA-PS and tumor grade, are associated with
prognoses in older adult patients who underwent ESD
for ESCC. Consequently, this study’s findings show that
nutritional status correlated with prognosis in the uni-
variate analysis and not independently in the multivariate
analysis, indicating that the ASA-PS and age were asso-
ciated with prognosis. The findings of previous studies
and our study differed because ESD is a minimally inva-
sive treatment compared to surgery, and ESD treatment
is relatively unlikely to contribute to the worsening of

nutritional status or decline in ADL compared to surgery.
Therefore, the ASA-PS can be considered a simple and
useful index to indicate poor prognosis in patients after
ESD for ESCC.

In this study, treatment methods were selected based
on the physicians’ decision, considering the patient’s gen-
eral condition and aspirations. Therefore, the results in
Supplementary Table3 indicate that patients in poor gen-
eral condition tended to be selected for ESD, a minimally
invasive treatment, even in cases of cT'1b-SM. Addition-
ally, the procedure time might have been significantly
longer in the ASA-PS class III cases than in the ASA-PS
class I/II cases because they had more lesions that were
larger and deeper in tumor size and depth, respectively.

The most common cause of death from other diseases
was cancer, excluding esophageal cancer, pneumonia,
and cardiac disease. This suggests that patients who
could not undergo additional surgery based on the phy-
sicians’ decision may have had poorer prognoses than
other patient groups. Moreover, in patients in the ASA-
PS class III, which is a poor prognostic factor, the pres-
ence or absence of additional treatment after ESD in the
high-risk group did not result in differences in the prog-
noses. This may be because (i) surgical resection was
avoided and CRT, RT, or chemotherapy was opted for in
ASA-PS class III cases, considering the patient’s general
condition; (ii) treatments were performed with less than
the usual dose at the physicians’ discretion; (iii) patients
lacked sufficient survival time to benefit from additional
treatments; and (iv) from previous reports, patients with
poor general health and numerous comorbidities, such
as those in the ASA-PS class III, particularly older adults,
were more prone to treatment-related adverse events
[7, 8]. In addition, although ASA-PS class III cases had
significantly larger tumor diameters, longer procedure
times, a higher proportion of pT1b-SM cases, and a
higher proportion of lymphatic cases than ASA-PS class
I/1I cases (Supplementary Table 3), there was no signifi-
cant difference in DSS between ASA-PS class I/II and III
cases (Fig. 1d). Therefore, ESD can be safely performed in
older adult patients. Moreover, if the pathological diag-
nosis after ESD is curative, the death of patients with
ESCC may be prevented, regardless of their general con-
dition. However, follow-up without additional treatment



Konishi et al. BMC Gastroenterology (2024) 24:164

after ESD may be considered acceptable for patients in
the high-risk group with poor general conditions.

This study had some limitations. First, this was a sin-
gle-center, retrospective study rather than a multicenter
study. The concept of sarcopenia related to muscle mass
is reportedly useful as a prognostic factor in older indi-
viduals [32]. However, because this is a retrospective
study, we did not measure grip strength, tests related to
physical function, and skeletal muscle mass before ESD
to assess the presence of sarcopenia. Therefore, we could
not evaluate its relevance to the results of this study.
Second, no comparison was made between older and
younger patients. Third, the common criteria for decid-
ing which treatment is better, as an additional treatment
or follow-up, are unclear, and the decision is left to the
attending physician’s discretion. Fourth, central patho-
logical reviews were not performed. Although experi-
enced pathologists evaluated the patients according to
the guidelines, variations in the histologic diagnoses may
exist. Finally, no exact method exists for the surveillance
of ESCC after ESD in older adults, and it varies slightly
based on the attending physician’s discretion.

In conclusion, our study showed that ESD was a safe
and effective treatment and prevented ESCC-related
death in older adult patients regardless of age and ASA-
PS class<III. Furthermore, to limit additional treatment
after ESD to only older high-risk cases, a list of high-risk
cases with rapid progression to additional treatment after
ESD should be narrowed down using pathological and
genetic analyses.
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