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Objectives: Indications for peroral endoscopic myotomy

(POEM) and endoscopic submucosal dissection (ESD) in patients

with achalasia concomitant with esophageal carcinoma (EC) are

unclear. This study aimed to clarify the role of POEM in cases of

achalasia concomitant with EC and to elucidate the indications

for ESD and efficient surveillance for EC.

Methods: We conducted a multicenter cohort study at 14

hospitals in Japan, including 3707 cases of achalasia-related

esophageal motility disorders (EMDs). Factors contributing to

EC risk, the characteristics of EC, and clinical outcomes of

POEM/ESD were analyzed.

Results: In patients undergoing POEM, screening and surveil-

lance endoscopy throughout a 1-year period resulted in

diagnosis of 72.1% new EC cases. Of 62 patients with 123 ECs,

40.3% had multiple or metachronous lesions within

37.5 months. EC was predominantly observed in the middle

thoracic esophagus (58.5%) and posteriorly (73.2%). POEM had

comparable safety and efficacy in cases of concomitant EC even

after ESD. Endoscopic en bloc resection was performed in 95.8%

and 89.3% of ECs diagnosed before and after POEM, respec-

tively (P = 0.351); however, ESD on the POEM-line was impaired

by fibrosis. Multivariate analysis revealed risk factors for EC,

including regular alcohol consumption, a history of smoking,

advanced age, and extended disease duration. Alcohol intake

and smoking had a synergistic effect on EC development.

Conclusions: Screening and surveillance of POEM help in

detecting EC. ESD is feasible in achalasia, although on the

POEM-line is challenging. Surveillance endoscopy for EC is

recommended for cases with specific risks and a history of ECs.
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INTRODUCTION

ACHALASIA IS A primary esophageal motility disor-
der (EMD) secondary to degeneration of Auerbach’s

plexus.1 Impaired relaxation of the lower esophageal
sphincter and abnormal esophageal peristalsis lead to
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retention of large amounts of food and liquid within the
esophagus. This pathology induces chronic inflammation
that eventually triggers malignant transformation of the
esophageal epithelium.2 Although achalasia confers a rela-
tively high risk of esophageal carcinoma (EC), routine
endoscopy is not recommended in patients with achalasia
because the absolute risk of EC is not high enough to
warrant cost-effective screening.3–6 Therefore, an effective
surveillance system targeting patients at high risk for EC is
required. However, analysis of risk factors requires a large
number of cases, as the incidence of EC in patients with
achalasia is at most as low as 0.59 per 100 person-years.7

Due to the development of high-resolution manometry
(HRM)8–10 and minimally invasive peroral endoscopic
myotomy (POEM),11 more cases of achalasia-related EMDs
are diagnosed and treated.12 However, the safety and
efficacy of POEM and endoscopic resection (ER), such as
endoscopic mucosal resection (EMR) or endoscopic sub-
mucosal dissection (ESD), have not been investigated in
cases of achalasia with concomitant EC. Both POEM and
ER employ similar procedures regarding mucosal incision
and submucosal dissection and may interfere with each
other.

Achalasia is a rare disease with an incidence of 1.0 per
100,000 person-years.12,13 Thus, a single-center study
cannot provide a statistically significant number of cases.
Therefore, to clarify the characteristics and treatment
outcomes of EMDs including achalasia, we conducted the
Japan Achalasia Multicenter Study (JAMS), involving high-
volume centers in Japan. In this study, using the large JAMS
database, first, the risk factors of ECs and efficient
surveillance for EC were investigated. Further, the charac-
teristics of achalasia concomitant with ECs, and the
indications for POEM and ER were clarified.

METHODS

Patients

JAPAN ACHALASIA MULTICENTER Study was con-
ducted across 14 high-volume EMD centers in Japan

(Table S1). We included patients diagnosed with EMDs
using standard methods, such as HRM, esophagograms, and
esophagogastroscopy, and treated between 2010 and 2020.
Among them, cases of achalasia and achalasia-related
EMDs, including esophagogastric junction outflow obstruc-
tion (EGJOO), and major disorders of peristalsis, such as
jackhammer esophagus (JE), distal esophageal spasm
(DES), and unclassified spastic disorders, were analyzed.
JAMS was approved by the ethics committee of the
respective institutions (approval number of Niigata

University, 2020-0308) and conducted in accordance with
the Declaration of Helsinki. Informed consent was obtained
in the form of an opt-out system on the website.

Data collection

The survey items included age at onset and diagnosis of
EMDs, duration of symptoms, sex, body mass index (BMI),
alcohol consumption, a history of smoking, Eckardt score,
HRM diagnosis, integrated relaxation pressure (IRP), type
of achalasia, and esophageal dilation. In cases of EC with
achalasia-related EMDs, the age at EC diagnosis, tumor
macroscopic type, location (cervical, upper, middle, lower
thoracic, and abdominal), direction (0–3, 3–6, 6–9, and 9–12
o’clock), tumor size, histological diagnosis, and treatment
course were investigated. Additionally, procedures and
outcomes of POEM were analyzed.

Variables

Duration of symptoms was defined as from onset of disease
to date of EC diagnosis or POEM. According to alcohol
consumption, patients were categorized into “regular
drinkers” and “non-drinkers/occasional drinkers”; further-
more, according to their history of smoking, they were
categorized into “current or past smokers” and “non-
smokers”. Those who were “regular drinkers” and “current
or past smokers” were counted. The Eckardt score was used
to assess symptom severity.14 This score comprises the sum
of the respective four-point scores for dysphagia, regurgi-
tation, chest pain, and weight loss. A higher score reflects
the presence of more severe achalasia-related EMD symp-
toms (maximum 12). HRM diagnoses were based on the
Chicago classification, version 3.0.15 On esophagography,
the type of achalasia was defined as straight or sigmoid
type.16 Esophageal dilation was classified as grade I
(<3.5 cm), grade II (3.5 to 6 cm), or grade III (≥6 cm)
depending on the diameter of the esophageal lumen.16

Treatment success was defined as an Eckardt score ≤3 and
the absence of repeated interventions.17 The severity of
adverse events was assessed using the Clavien-Dindo
classification.18 Reflux esophagitis was classified according
to the Los Angeles classification.19

The histological diagnosis of EC was based on the
Japanese classification,20 which categorizes neoplastic
lesions confined within the epithelial layer as carcinoma.
These are defined as “high-grade dysplasia/carcinoma
in situ” in Western classification systems.21,22 Final patho-
logical diagnosis was investigated using pathological TNM
classification.21
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Study 1: Risk factors related to EC
development

The characteristics of achalasia-related EMDs were com-
pared between patients with EC and those without (con-
trols). Potential risk factors for EC development included
age at onset, duration of symptoms, age at diagnosis, sex,
BMI, alcohol consumption, history of smoking, Eckardt
score, HRM diagnosis, IRP, type of achalasia, and
esophageal dilation. Cox proportional hazard models and
Kaplan–Meier estimates were used to compare the impact of
these potential risk factors (Fig. 1).

Study 2: Characteristics of EC and outcomes
of ESD and POEM

Patient and tumor characteristics in cases of EC with
achalasia-related EMDs were analyzed. The procedures and
outcomes of ESD and POEM were also compared between
patients diagnosed with EC before and after POEM. In
patients undergoing POEM, screening endoscopy for the
diagnosis and preliminary examination of achalasia is
routinely performed preoperatively and intraoperatively.
Furthermore, surveillance endoscopy was performed on
day 1 to rule out adverse events before starting meals, after
3 months, and after 1 year to assess the short- and long-term
efficacy of POEM, and to check for reflux esophagitis.

Statistical analyses

All data are presented as medians and interquartile ranges or
as numbers of applicable patients and percentages. Cate-
gorical values were compared using Pearson’s v2 test,
whereas continuous values were compared using the Mann–
Whitney U-test. To determine risk factors associated with
EC development, we used univariate and multivariate Cox
proportional hazard models and calculated hazard ratios
(HRs) and 95% confidence intervals (CIs). In the multivari-
ate analysis, we included risk factors with P < 0.05 in the
univariate analysis. Several continuous candidates (age,
duration of symptom, BMI, IRP) were treated as categorical
variables according to common cutoff points to facilitate
interpretation.
All statistical analyses were performed using SAS version

9.4 (SAS Institute, Cary, NC, USA). R version 3.6.1 (R
Project for Statistical Computing, Vienna, Austria) was used
to generate the Kaplan–Meier estimates. All reported P
values were two-sided, and P < 0.05 was considered
significant.

RESULTS

OF 3707 REGISTERED patients with achalasia-related
EMDs, 3421 patients with achalasia were included.

POEM was conducted in 3560 patients with achalasia-
related EMDs (Table S2).

Importance of identifying risk factors for EC
in achalasia surveillance

The characteristics of patients with EC (n = 62) and those
without (n = 3645) at the time of achalasia-related EMD
diagnosis were compared (Table S3). Duration of symptoms
≥10 years, age at diagnosis ≥65 years, male sex, alcohol
intake, smoking, and sigmoid achalasia were significantly
more frequent in patients with EC than in controls, whereas
Eckardt score ≥7 was significantly less frequent in patients
with EC than in controls.
Next, multivariate analysis (Table 1) revealed that dura-

tion of symptoms ≥10 years (HR 2.45; 95% CI 1.38–4.35),
age at diagnosis ≥65 years (HR 2.43; 95% CI 1.28–4.61),
alcohol intake (HR 6.47; 95% CI 3.29–12.7), and smoking
(HR 2.97; 95% CI 1.53–5.75) were risk factors for EC
development (P < 0.05).
Furthermore, Kaplan–Meier curves for the EC risk factors

in Table 1 are shown in Figure 2A. Regular alcohol intake
and a history of smoking were deemed major risks. The
comparisons among combined alcohol intake and smoking,
alcohol intake alone, and smoking alone are shown in

Figure 1 Study flowchart. In total, 3707 cases of achalasia-

related esophageal motility disorders were included in this

study. Among them, 3421 cases of achalasia and 3560 cases

for peroral endoscopic myotomy (POEM) were included.

During the study period, 62 patients had 123 esophageal

carcinomas (ECs), and risk factors for EC were analyzed in

Study 1. Study 2 was performed to elucidate the character-

istics of EC, clinical outcomes of endoscopic mucosal

resection (EMR)/endoscopic submucosal dissection (ESD),

and clinical courses of POEM.
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Table 1 Factors associated with incidence of esophageal carcinoma in achalasia

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age at onset <20 years 1.524 (0.667–3.482) 0.318

Duration of symptoms ≥10 years 2.186 (1.276–3.743) 0.004 2.451 (1.382–4.348) 0.002

Age at diagnosis ≥65 years 1.879 (1.123–3.145) 0.016 2.429 (1.281–4.605) 0.006

Sex, male 2.386 (1.373–4.147) 0.002 0.795 (0.415–1.526) 0.491

Body mass index <18.5 0.907 (0.482–1.709) 0.764

Alcohol† 11.36 (6.556–19.67) <0.001 6.471 (3.289–12.73) <0.001
Smoking‡ 6.988 (4.036–12.1) <0.001 2.967 (1.531–5.747) 0.001

Eckardt score ≥7 0.465 (0.240–0.902) 0.023 0.556 (0.283–1.091) 0.088

Type I achalasia on HRM§ 1.058 (0.512–2.188) 0.878

Type of achalasia, sigmoid¶ 1.704 (0.995–2.918) 0.052

Esophageal dilation¶ 1.074 (0.622–1.856) 0.798

†Consumption of alcohol every day was counted.
‡Cases of experienced or being currently smoking were counted.
§HRM diagnosis was analyzed in type I, II, and III achalasia.
¶Sigmoid achalasia and esophageal dilation were evaluated in 3421 cases of achalasia.

Bold P-values are statistically significant.

CI, confidence interval; HR, hazard ratio; HRM, high-resolution manometry.

Figure 2 Cumulative incidence of esophageal carcinoma (EC) in cases with achalasia-related esophageal motility disorders

(EMDs). Horizontal axis: duration from the diagnosis of achalasia (years). (A) Incidence of EC in relation to alcohol (regular

drinking), smoking (current and past history of smoking), age ≥65 years, duration of symptoms ≥10 years. (B) Incidence of EC in

relation to combined cases of alcohol and smoking (blue line), alcohol alone (green line), smoking alone (red line), and cases

without an alcohol intake and smoking habit (black line). (C) Incidence of EC restricted to age ≥65 years. (D) Incidence of EC

restricted to ages from 40 to 64 years. (E) Incidence of EC restricted to cases with duration of symptoms ≥10 years.
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Figure 2B. Log-rank analysis showed statistical significance
between cases without alcohol intake and smoking, respec-
tively (P < 0.001, <0.001, 0.001). Alcohol intake and
smoking had a synergistic effect on EC development. They
showed a high consumptive incidence of EC at nearly 0.20
around 10 years after the diagnosis of achalasia, although a
single risk had an incidence of 0.05 within a 10-year follow-
up period.

Incidence of EC restricted to age ≥65 years are shown in
Figure 2C. Kaplan–Meier plots show statistical significance
in combined cases with alcohol intake and smoking
(P < 0.001), cases with alcohol intake alone (P < 0.001),
and cases with smoking alone (P = 0.043) between cases
without an alcohol intake and smoking. In regular drinkers
with a history of smoking, the incidence of EC was
predicted to be more than 0.15 within 5 years. In contrast, in
patients who were diagnosed at 40–65 years of age
(Fig. 2D), statistical significance was calculated in com-
bined cases of alcohol intake and smoking (P < 0.001),
cases with alcohol intake (P < 0.001), and cases with
smoking (P = 0.20) between cases without an alcohol
intake and smoking. In regular drinkers with a history of
smoking, the incidence of EC reached 0.20 within 10 years.
Finally, in patients with duration of symptoms ≥10 years
(Fig. 2E), incidence of EC was compared in combined cases
of alcohol intake and smoking, alcohol intake alone, and
smoking alone. Log-rank analysis showed statistical signif-
icance between cases without an alcohol intake and smoking
(P < 0.001, <0.001, 0.059). In regular drinkers with a
history of smoking, the incidence of EC was >0.15 within
15 years. Conversely, in patients without a history of regular
drinking and smoking, the incidence of EC was extremely
low in all Kaplan–Meier estimates.

Challenges of ESD on the POEM-line

The characteristics of EC (n = 123) in cases of achalasia-
related EMDs (n = 62) are summarized in Table 2. The
median age at diagnosis was 65 (55.0–73.8) years and
ranged from 43 to 87 years. Among 62 cases, multiple and
metachronous lesions were observed in 15 (24.2%) and 16
(25.8%) cases, respectively. Multiple or metachronous
lesions were observed in 25 cases (40.3%) during a median
follow-up period of 37.5 months. EC was mostly located in
the middle thoracic esophagus (72, 58.5%) and was
commonly seen posteriorly from the 3:00 to 9:00 positions
(90, 73.2%). Macroscopic types of superficial EC were
predominantly 0–IIb (68, 58.1%) and 0-IIc (42, 35.9%). The
histological diagnosis was chiefly squamous cell carcinoma
(SCC); however, one case had a basaloid component. No
adenocarcinomas were noted.
Of 3560 patients who underwent POEM, 43 patients with

89 ECs were identified. Among them, 17 (39.5%) were first
diagnosed with EC during the screening period before
POEM. A total of 14 patients (32.6%) were diagnosed
within a year after POEM (Fig. S1).
The outcomes of ER were compared between patients

diagnosed with EC before (n = 48) and after POEM
(n = 28). The en bloc resection rate was 95.8% (46/48)

Table 2 Characteristics of esophageal carcinoma (n = 123) in

cases of achalasia-related EMDs (n = 62)

Number of cases (n = 62)

Age at diagnosis of

esophageal carcinoma

65 (55.0–73.8)

Cases of multiple lesions 15 (24.2%)

Cases of metachronous

lesions

16 (25.8%)

Cases of multiple or

metachronous lesions

25 (40.3%)

Follow-up period, months 37.5 (14.8, 60.3)

Number of esophageal carcinoma (n = 123)

Location (Ce: Ut: Mt: Lt: Ae) 0, 17, 72, 30, 4

Directional distribution 1–3 o’clock: 20

3–6 o’clock: 49

6–9 o’clock: 41

9–12 o’clock: 12

Circumferential: 1

Macroscopic types 0-IIa: 1

0-IIb: 68

0-IIc: 42

0-IIa + IIc: 3

0-IIb + IIc: 1

0-IIb + IIa: 1

0-IIc + Is: 1

Type 2: 4

Unknown: 2

Tumor size (mm) 20.5 (14.3, 33.0)

Histological diagnosis Squamous cell carcinoma: 123

(one with basaloid component)

Adenocarcinoma: 0

Treatment ESD: 98, EMR: 1, CRT: 1,

chemotherapy: 1, surgery: 18,

follow-up without treatment: 1,

plan for ESD: 3

Pathologic TNM

classification

Stage 0: 52, Stage IA: 57,

Stage IB: 5, Stage IIA: 3†

†Lymph node metastasis was not detected in the pathological

investigation.

Ae, abdominal esophagus; Ce, cervical esophagus; CRT, chemora-

diation therapy; EMDs, esophageal motility disorders; EMR, endo-

scopic mucosal resection; ESD, endoscopic submucosal dissection;

Lt, lower thorax; Mt, middle thorax; Ut, upper thorax.
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and 89.3% (25/28) in patients with superficial EC diagnosed
before and after POEM, respectively. The success rate
between both groups was not significant (P = 0.351). Three
patients had ECs on the POEM-line. Two patients under-
went ESD (Fig. 3), one of whom underwent piecemeal
resection because of submucosal fibrosis. The other patient
underwent surgery for superficial EC that developed on the
POEM-line because ESD was difficult. Histological exam-
ination showed severe fibrosis.

The procedure and clinical course of POEM were
compared among the group with EC before POEM, group
with EC after POEM, and control group without EC
(Table 3). The procedure time was shorter in patients

diagnosed with EC before POEM than in those diagnosed
after POEM (P = 0.018) and controls (P = 0.024). Further-
more, the incidence of reflux esophagitis was lower in
patients diagnosed with EC before POEM than in controls
(P = 0.025). Other procedure-related outcomes, adverse
events, and efficacy were not significantly different among
the three groups.

DISCUSSION

THIS LARGE‐SCALE MULTICENTER study high-
lights the clinical potential of screening and surveil-

lance endoscopy for EC in patients undergoing POEM. Our

(A) (B)

(C) (D)

(E)

Figure 3 Endoscopic submucosal dissection (ESD) on the line of peroral endoscopic myotomy (POEM). POEM: posterior side

myotomy was successfully performed for cases of achalasia (A). Thereafter, superficial esophageal carcinoma (black arrow,

unstained area of iodine staining) was detected on the POEM-line (B). The planned ESD could be completed successfully despite

severe submucosal fibroses hampering progress of the procedure (C, D). Severe fibrosis (red triangle) was found on final

histology (E).
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findings indicated that a well-designed POEM was safe and
effective in patients diagnosed with EC before POEM, and
that ESD was feasible in patients with achalasia-related
EMDs, although ESD for EC on the POEM-line was
challenging. Our study further elucidated that duration of
symptoms ≥10 years, age ≥65 years at diagnosis, regular
alcohol consumption, and history of smoking are risk factors
for EC. Therefore, organized surveillance endoscopy may be
recommended in cases with a combination of these risk
factors and with a history of EC.

As POEM is an endoluminal endoscopic surgery, screen-
ing endoscopy is crucial for diagnosing achalasia, ruling out
pseudo-achalasia, and determining the POEM procedure
(e.g. direction and length of myotomy). Further, surveillance
endoscopy is necessary to monitor for adverse events and
safely restart the oral intake. Our results indicate that
repeated screening and surveillance endoscopies of POEM
may increase the detection of superficial ECs. Even in cases
of remnant liquid or food in the esophagus before POEM,
EC in earlier stages can be detected immediately after
POEM due to improved visibility.

Risk factors for EC development were clarified in a
multivariate analysis using numerous EC cases in achalasia-
related EMDs. In addition to the general risk factors for
SCC, such as aging, alcohol intake, and smoking, this
analysis identified achalasia-specific factors such as duration
of symptoms. Most ECs have been reported to develop
>10 years after symptom onset.23,24 In our study, regular
alcohol consumption and a history of smoking were
identified as major risk factors. Moreover, the synergistic
effect of alcohol intake and smoking, as reported by a

previous study on general esophageal SCC,25 was con-
firmed. Although dilated or sigmoid esophagus on esoph-
agography are significant to reflect long disease duration,
high-risk cases can be narrowed using the simple factors
abovementioned. Moreover, high multiple and metachronal
incidence of EC is possibly affected by achalasia-specific
conditions, and those with a history of smoking and alcohol
intake are more vulnerable than the general population.
The efficacy of EMR/ESD was elucidated in achalasia-

related EMDs, although superficial ECs developing on the
POEM-line should be treated carefully. Achalasia triggers
inflammation in the mucosa, particularly in the epithelium,
due to poor esophageal emptying.26 Therefore, fibrosis in
the submucosal layer is rare and possibly limited to end-
stage cases.27 This study also indicated that in addition to
the middle thoracic esophagus reported in general SCCs,28

posterior side was the main location of EC in patients with
achalasia; this could be avoided in the POEM procedure for
cases at risk for EC. The posterior side is possibly more
affected by food and liquid retention, and the anterior side
may be better considered for cases at risk for post-POEM
ECs. Well-designed POEM for EC cases was safe, effective,
and less time-consuming. This is because in patients with
concomitant ECs, the myotomy length could be arranged
shorter, not to interfere ESD for ECs, although our result did
not show statistical significance of esophageal myotomy
length. Short myotomy was reported to be equally effective
with less RE rates.29

Adenocarcinoma was not identified in this study because
the prevalence of adenocarcinoma is lower in Japan than
that in western countries.30 Therefore, the risk of

Table 3 Safety and efficacy of peroral endoscopic myotomy (POEM) in cases of concomitant esophageal carcinoma diagnosed

before and after POEM

Cases of EC diagnosed before

POEM (n = 22)

Cases of EC diagnosed after

POEM (n = 21)

P† Controls without EC

(n = 3517)

P‡

Procedure time, ≥60 min 11 (57.9%) 19 (95.0%) 0.018 2795 (81.0%) 0.024

Posterior myotomy 18 (81.8%) 12 (60%) 0.222 2728 (77.9%) 0.856

Esophageal myotomy, >5 cm 16 (76.2%) 17 (85.0%) 0.697 2956 (85.3%) 0.386

Gastric myotomy, >2 cm 9 (42.9%) 9 (45.0%) 1.000 1918 (55.4%) 0.353

Adverse event, all§ 1 (4.5%) 4 (20.0%) 0.164 237 (6.7%) 1.000

Adverse event, ≥IIa§ 0 (0.0%) 2 (10.0%) 0.209 138 (3.9%) 1.000

Treatment success 21 (95.5%) 17 (85.0%) 0.333 3009 (92.8%) 1.000

Reflux esophagitis 7 (38.9%) 6 (37.5%) 1.000 1873 (65.2%) 0.025

Symptomatic GERD 0 (0.0) 3 (15.8%) 0.230 491 (15.7%) 0.059

†P-value was calculated between cases of EC pre- and post-POEM.
‡P-value was calculated between cases of EC pre-POEM and controls without EC.
§Adverse event was evaluated by Clavien-Dindo classification into I–V (7 degrees).

Bold P-values are statistically significant.

Missing value for analysis: Procedure time, 69; Direction of myotomy, 17; Length of myotomy, 54; Adverse event, 2; Treatment

success, reflux esophagitis, and symptomatic GERD could be analyzed in 3281, 3150, and 3162 followed-up patients.

EC, esophageal carcinoma; GERD, gastroesophageal reflux disease.
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adenocarcinoma after interventions may not need excessive
attention; however, given that long-term follow-up data are
lacking in Japan, hence, required.

This study has several limitations. First, as this was a
retrospective study, the interval of surveillance endoscopy
was not fixed between cases. However, in cases of POEM,
well-organized screening, and surveillance was performed
from the perioperative period to around 1 year after the
procedure. Nevertheless, blind spots due to sigmoid acha-
lasia or food retention impaired EC detection. Additionally,
chronic inflammation of the background epithelium also
complicated the diagnosis of EC (Fig. 4). Therefore, careful
examination is required, particularly in cases with several
risk factors, to prevent a delay in diagnosis. Future studies
should focus on the surveillance program using narrow band
imaging or iodine staining and also investigate the overall
and cause specific survival data. Second, there were several
missing data regarding patient characteristics (BMI and
Eckardt score). This was a potential source of bias.
However, the rates of items with missing values were low,
and the large data scale could compensate for the imperfec-
tions. This study was conducted as high-volume centers
with HRM and POEM, which may also cause the selection
bias for relative abundance of early ECs rather than
advanced ECs. Third, the number of EGJOO, DES, and
JE was not enough; hence, further prospective study
focusing on these disorders is recommended.

In conclusion, advanced age, smoking, alcohol consump-
tion, and long disease duration are risk factors for EC
development. Therefore, organized surveillance may be
considered in cases with a combination of risk factors and
cases with a history of EC. In patients diagnosed with EC,
well-designed POEM is safe and effective by freely

arranging the direction and length of myotomy. Further,
ER for EC in achalasia is feasible.
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SUPPORTING INFORMATION

ADDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the

publisher’s web site.
Figure S1 Management of esophageal carcinoma in

patients treated with POEM. There was a total of 43
patients with 89 esophageal carcinomas during the study
period. Out of 43 cases, 31 (72.1%) were identified during
screening through 1-year surveillance after POEM. In the
ECs for endoscopic resection, the en bloc resection rate was
95.8% (46/48) in superficial EC diagnosed before POEM
and 89.3% (25/28) in superficial EC after POEM, respec-
tively, without significance (P = 0.351).

Table S1 Affiliations, ethics committee approval number
in 14 participating facilities.

Table S2 Patients characteristics of achalasia-related
esophageal motility disorders.

Table S3 Characteristics of cases of esophageal carci-
noma (n = 62) in achalasia-related esophageal motility
disorders (n = 3707).
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