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OBJECTIVES: Although endoscopic submucosal dissection (ESD) is an efficient treatment for superficial esophageal cancer, it is
associated with stricture formation after wide-circumference resection that leads to a low quality of life. Although locoregional
steroid injections prevent stricture formation, a randomized comparative study did not report any advantages associated with
steroid injection. We evaluated the prophylactic efficacy of a single locoregional triamcinolone injection for stricture formation
after esophageal ESD.
METHODS: This was a retrospective matched case-control study using propensity score matching (PSM). Between April 2006 and
July 2015, a total of 602 patients with superficial esophageal neoplasia underwent ESD. Among them, 189 patients with mucosal
defects that spanned more than 2/3 of the esophageal circumference were included. After exclusion, 150 patients were enrolled.
Triamcinolone acetonide (80 mg) was injected into the residual submucosal layer of the resected region immediately after ESD.
PSM was performed to reduce the effects of selection bias for steroid injection. The primary outcome was the incidence of stricture
formation. The secondary outcome was the number of balloon dilatation procedures required to resolve the stricture formation.
RESULTS: Thirty-seven patients, with and without triamcinolone injection each, were matched after PSM. The incidence of
stricture formation decreased from 45.9% (17/37) without triamcinolone injection to 18.9% (7/37) with triamcinolone injection
(p= 0.016). After matching, the mean number of balloon dilatation procedures required also decreased from 2.8± 4.6 to 0.6± 1.5
times (Po0.01).
CONCLUSIONS: A single locoregional triamcinolone injection efficiently prevented stricture formation after esophageal ESD.
Clinical and Translational Gastroenterology (2017) 8, e75; doi:10.1038/ctg.2017.5; published online 23 February 2017
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INTRODUCTION

Esophageal cancer has a poor prognosis; this is because most
patients are diagnosed at an advanced stage.1,2 However, new
optical imaging procedures, such as narrow-band imaging
endoscopy, make it possible to detect esophageal cancer at an
early stage,3,4 improving the survival rates associated with
curable endoscopic resection.5 Endoscopic submucosal dis-
section (ESD) can utilize an en bloc resection procedure for
superficial esophageal neoplasia, regardless of tumor size.5–7

However, the incidence of stricture formations caused by ESD
for widespread lesions is high in patients with a circumferential
mucosal defect size of over 71%.5,8,9 Stricture formation can
result in lower quality of life and multiple endoscopic balloon
dilatation (EBD) sessions may be required.5,9

Previous studies reported that locoregional steroid injections
were useful for the prevention of such strictures.10–13 Hanaoka
et al. reported that a single triamcinolone injection immediately
after ESD prevented stricture formation.11 However, this single

arm prospective studywas compared against historical controls,
creating a potential selection bias, particularly with regard to
circumferential mucosal defects that can influence stricture
formation. A randomized comparative study (RCT) did not report
anyadvantages associatedwith steroid injection, because of the
small sample size and the inclusion of many whole-circum-
ference defect cases.14 This higher rate of stricture formation
might be due to baseline expansion of the circumference of the
mucosal defect into a whole-circumference defect.
Using propensity score matching, we evaluated the

prophylactic efficacy of a single session of locoregional
triamcinolone injection immediately after ESD for superficial
esophageal neoplasia to determine if it could prevent stricture
formation in patients at high risk for stricture formation.

METHODS

Patients. This was a retrospective, matched case-control
study from a single referral center in Japan. Between April
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2006 and July 2015, a total of 602 patients with superficial
esophageal neoplasia underwent ESD in our hospital
(Figure 1). Among them, 189 patients had mucosal defects
that covered more than 2/3 (66%) of the esophageal
circumference; it is reported that a circumferential mucosal
defect size of over 71% is associated with a high risk of
stricture formation.8 Patients who underwent other forms of
prophylactic therapy for stricture formation or those who
received ESD near a previous ESD scar were excluded
because these therapies and conditions could affect stricture
formation.
The lesions with the largest circumference were considered

the target lesions in patients who were treated for multiple
synchronous or metachronous lesions and in patients who
underwent en bloc resection of multiple lesions. A propensity
score matching analysis was performed to reduce the effects
of a selection bias for the triamcinolone injections, such as
circumferential mucosal defects and potential confounding
factors.15

The protocol of this study was approved by the ethics
committee of the Osaka City University Graduate School of
Medicine (number 3339). Written informed consent was
obtained from each patient who underwent ESD or locoregio-
nal triamcinolone injections.

Outcomes. The primary outcome of this study was the
incidence of stricture formation in patients who did or did not
receive single locoregional triamcinolone injections. For the
purpose of evaluating these outcomes, we evaluated the risk
of stricture formation caused by ESD. The secondary
outcome was the number of balloon dilatation sessions
required to resolve the stricture formation.

ESD procedure. Six experienced endoscopists conducted
all the endoscopic procedures. Intravenous midazolam
or propofol with pethidine hydrochloride was used to
place patients under deep sedation during endoscopic
procedures.16 A single-channel upper gastrointestinal

endoscope (GIF-Q260J; Olympus, Tokyo, Japan) and a
standard electrosurgical generator (ICC 200 or VIO300D;
ERBE Elektromedizin GmbH, Tübingen, Germany) were
used. The main electrosurgical knives utilized were a bipolar
needle knife (B knife; XEMEX, Tokyo, Japan) in the earlier
study period and a monopolar needle knife (Flush knife,
DK2618JN; Fujifilm Medical, Tokyo, Japan) in the later
period. The procedure was carried out as previously
reported.7,13 Briefly, marking dots were placed around the
margin and the procedure was performed as followed: (1) A
hyaluronic acid solution was injected into the submucosal
layer, (2) a circumferential mucosal incision was made, and
(3) the submucosal dissection was performed. The total
procedure time was defined as the period from the start of the
circumferential mucosal incision to the removal of the tumor.

Locoregional triamcinolone injection. The indication for
locoregional triamcinolone injection at our institution was
defined as a mucosal defect encompassing over 2/3 of the
esophageal circumference, as mentioned above. We did not
administer triamcinolone injection therapy alone for cases
with whole-circumference mucosal defects because it has
been previously reported that locoregional steroid injections
have little effect on such cases.14,17,18 We injected a single
session of triamcinolone acetonide (Kenacort; Bristol-Myers
Squibb, Tokyo, Japan) into the residual submucosal layer of
the resected region immediately after ESD.11,13 Regardless
of the size of the resected specimens, 40 sequential
injections of 0.5 ml (2 mg) triamcinolone acetonide were
performed for a total of 80 mg.

Follow-up and stricture formation. Endoscopic stricture
evaluation was performed every 4 weeks after ESD until
scarring was confirmed. Stricture formation was determined
when a standard upper gastrointestinal endoscope with a
9.2 mm diameter (GIF-Q260; Olympus Medical, Tokyo,
Japan) could not be passed through the treatment site.13

When the patient presented with a chief complaint of
dysphagia to semi-solid foods (dysphagia score 2) before
a scheduled examination, endoscopic evaluation was
performed. EBD was repeated when a stricture persisted,
either endoscopically or symptomatically.

Statistical analyses. Data are presented as the mean±
standard deviation for continuous variables and as numbers
for categorical variables. For categorical data, comparisons
between groups were performed using the chi-squared test
(or Fisher’s exact test when necessary because of small
sample sizes), whereas continuous data were compared
using Student’s t-test. A propensity score matching analysis
was performed to reduce the effects of selection bias for
triamcinolone injections.15 The propensity score matching
method was proposed to evaluate statistically causal effects
free from confounding effects by mathematically refashioning
an observational study into a randomized study—a so-called
pseudo-randomized study.19 We used our clinical experience
and knowledge to select the possible confounding factors
that may be associated with outcome. Logistic regression
analysis was used to generate a model to calculate the
propensity scores using 12 variables (described in Table 1).

Figure 1 Diagram of the study design. EN, esophageal neoplasia; ESD,
endoscopic submucosal dissection.
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The reliability of the model was evaluated using the Hosmer-
Lemeshow goodness-of-fit test. We used the standardized
difference to measure covariate balance, whereby an absolute
standardized difference above 10% represented a meaningful
imbalance. We created a propensity score-matched cohort by
attempting to match each patient who received triamcinolone
injections with one who did not receive triamcinolone injections
(a 1:1 match) without replacement by using a greedy matching
technique. The validity of the model was assessed by
estimating the area under the receiver operating characteristics
curve using c-statistics. After matching, crude comparisons of
the matched cohorts were performed using the Mantel–
Haenszel chi-square test (using McNemar's test for binary
data) and paired t-tests. The relationship between triamcino-
lone injection and the risk of stricture formation was estimated
by calculating the odds ratio (OR) and 95% confidence interval
(CI) using logistic regression analysis.
Statistical analyses were performed using SPSS software

version 23.0 for Windows (SPSS, IBM Corporation, Armonk,

NY, USA) and the R statistical package V.3.0.2 (R Core Team,
Vienna, Austria). All statistical tests were two-sided, and
Po0.05 was considered significant.

RESULTS

Clinicopathological characteristics of the study subjects.
Among 602 patients, 189 had mucosal defects that covered
more than 2/3 of the esophageal circumference (Figure 1).
After exclusion of 33 patients who received other prophylactic
therapy and 6 who underwent ESD near a previous ESD
scar, 150 patients were enrolled. Of those 150, 58 (38.7%)
underwent locoregional triamcinolone injection immediately
after ESD. The clinicopathological characteristics of the study
subjects are shown in Table 1.
Compared with patients who did not receive locoregional

triamcinolone injections, patients who did receive these
injections were significantly older, had a higher incidence of

Table 1 Baseline characteristics before and after propensity score matching

Before matching (n= 150) After matching (n= 74)

Triamcinolone
injection (no)

(n= 92)

Triamcinolone
injection (yes)

(n= 58)

P-value ASD Triamcinolone
injection (no)

(n=37)

Triamcinolone
injection (yes)

(n= 37)

P-value ASD

Age 66.1± 7.72 70.6±6.59 o0.01 0.63 69.6±7.19 69.5± 6.84 0.93 0.01

Gender
Male 73 (79.3) 49 (84.5) 0.52 0.14 29 (78.4) 30 (81.1) 1.00 0.07
Female 19 (20.7) 9 (15.5) 8 (21.6) 7 (18.9)

ASA-PS
1 16 (17.4) 3 (5.2) 0.04 0.39 3 (8.1) 3 (8.1) 1.00 0.00
2 68 (73.9) 46 (79.3) 0.13 30 (81.1) 30 (81.1) 0.00
3 8 (8.7) 9 (15.5) 0.21 4 (10.8) 4 (10.8) 0.00

Location
Ce, Ut 15 (16.3) 13 (22.4) 0.57 0.16 5 (13.5) 8 (21.6) 0.66 0.21
Mt 46 (50.0) 25 (43.1) 0.14 18 (48.6) 16 (43.2) 0.11
Lt, Ae 31 (33.7) 20 (34.5) 0.02 14 (37.8) 13 (35.1) 0.06

Endoscopic appearance
Elevated 3 (3.3) 3 (5.2) 0.41 0.09 0 (0.0) 3 (8.1) 0.22 0.42
Flat 7 (7.6) 8 (13.8) 0.20 3 (8.1) 3 (8.1) 0.00
Depressed 82 (89.1) 47 (81.0) 0.23 34 (91.9) 31 (83.8) 0.25

Tumor diameter (mm) 35.3± 12.7 39.7±16.7 0.07 0.30 38.3±11.7 37.3± 12.2 0.37 0.08
Treatment time 123.2±65.3 121.0±45.3 0.75 0.04 120.5± 54.1 119.7±44.6 0.71 0.02
Cutting diameter 50.0± 12.5 55.9±16.7 0.02 0.40 53.5±12.8 51.4± 11.9 0.46 0.17
Circumferential
mucosal defect (%)

75.3±8.6 78.4±9.9 0.04 0.33 77.6± 8.3 76.8± 10.2 0.72 0.09

Histology
SCC 90 (97.8) 56 (96.6) 0.78 0.19 37 (100) 36 (97.3) 1.00 0.00
Adenocarcinoma 2 (2.2) 2 (3.4) 0.18 0 (0.0) 1 (2.7) 0.00

Invasion depth
EP/LPM 55 (59.8) 42 (72.4) 0.31 0.27 20 (54.1) 25 (67.6) 0.31 0.24
MM/SM1 26 (28.3) 11 (19.0) 0.22 14 (37.8) 8 (21.6) 0.36
SM2 11 (12.0) 5 (8.6) 0.11 3 (8.1) 4 (10.8) 0.09

Previous CRT
Yes 5 (5.4) 4 (6.9) 0.74 0.06 2 (5.4) 1 (2.7) 1.00 0.14
No 87 (94.6) 54 (93.1) 35 (94.6) 36 (97.3)

Ae, abdominal esophagus; ASA-PS, American Society of Anaesthesiologist Physical Status classification; ASD, absolute standardized difference; Ce, cervical
esophagus; CRT, chemoradiotherapy; EP, epithelium; Lt, lower thoracic esophagus; LPM, lamina propria; MM, muscularis mucosa; Mt, middle thoracic esophagus;
SCC, squamous cell carcinoma; SM1, submucosal invasion o200 μm; SM2, submucosal invasion ≥ 200 μm; Ut, upper thoracic esophagus.
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an American Society of Anesthesiologists physical status
classification system (ASA-PS) score of 3, had resected
lesions
with a significantly larger diameter, and had mucosal defects
with a wider circumference, before propensity score matching.
The two groups were similar with respect to sex, location,
endoscopic appearance, tumor diameter, treatment time,
histology, tumor invasion depth, and history of chemo-
radiotherapy
After propensity score matching, there were 37 matched

pairs of patients who did and did not receive locoregional
triamcinolone injections. The baseline characteristics of the
two groups were comparable (Table 1).

Effect of locoregional triamcinolone injection on stricture
formation. Esophageal stricture formation occurred in 37
(24.7%) of 150 patients. Before propensity score matching,
12 of 58 patients (20.7%) who received locoregional
triamcinolone injections had stricture formations, whereas
25 of 92 patients (27.2%) who did not receive steroid
injections had stricture formations (P=0.37; Table 2). After
matching, the incidence of stricture formation decreased from
45.9% (17/37) without triamcinolone injection to 18.9% with
triamcinolone injection (7/37) (P= 0.016).
Before matching, tumor location (upper esophageal), tumor

diameter, and circumference of the mucosal defect were
considered risk factors for stricture formation caused by
ESD (Table 3). After propensity score matching, loco-
regional triamcinolone injection reduced the incidence of
stricture formation (OR 6.00, 95% CI 1.34–26.8). No serious
adverse events associated with locoregional steroid injec-
tions, such as bleeding, infection and perforation, were
encountered.
The effect of locoregional triamcinolone injection on the

incidence of stricture formation remained after adjustment for
the propensity score, the circumference of the mucosal defect,
age, sex, macroscopic findings, ASA-PS, and summation of
these variables (Table 4).

The number of endoscopic balloon dilatations. Loco-
regional triamcinolone injection also reduced the mean
number of EBD sessions from 1.7±3.7 (without triamcino-
lone injection) to 0.5±1.2 times (with triamcinolone injection;
P=0.02) before matching, and from 2.8±4.6 (without

triamcinolone injection) to 0.6± 1.5 times (with triamcinolone
injection; Po0.01) after matching.

Propensity score estimation. The propensity score model
was well calibrated (Hosmer-Lemeshow test, P= 0.38) and it
discriminated well between patients who did or did not
receive triamcinolone injection (c statistic=0.77). Therefore,
it is probable that the most likely possible confounders
were identified in our study. However, the median absolute
standardized difference after matching was 0.08 (interquartile
range, 0–0.17). Therefore, the absolute standardized differ-
ence values noted in this study indicate that our propensity
score matching could not completely remove the imbalance
of variables.

DISCUSSION

In the present study, a single locoregional triamcinolone
injection immediately after ESD for superficial esophageal
neoplasia reduced the incidence of stricture formation
compared with that in the control group. The results also
showed that locoregional triamcinolone injection reduced the
number of EBD sessions required to treat stricture formation.
The present study has three important strengths. First, we

conducted the study using a propensity-matched analysis.
Second, we included patients with mucosal defects that
covered more than 2/3 of the circumference of the esophagus.
Third, compared with previous studies, a lower single dose of
locoregional triamcinolone was administered to every patient,
regardless of the size of the resected specimens.
A number of previous studies have reported that locoregio-

nal steroid injection may prevent stricture formation after
esophageal ESD.10–13 However, selection bias may have
been an issue in these retrospective observation studies; the
relationship between stricture formation and locoregional
triamcinolone injection could be affected by confounding
factors in particular, circumferential mucosal defect after
ESD. Previous studies did not report the differences in the
circumferences of the lesions or in the circumferential mucosal
defects between the analyzed groups.10–12 A tumor larger
than 75% of the esophageal circumference was reported as a
risk factor for refractory stricture formation,17 even with steroid
injection, and a whole-circumference mucosal defect after
ESD was difficult to prevent with steroid injection.14,17,18

Therefore, the incidence of stricture formation could be
affected by circumference of the lesion or the circumference
of the mucosal defect. Although a well-designed, randomized
control study would be helpful, it would be difficult to conduct
because most patients in the control group would not accept
the low quality-of-life associated with dysphagia due to the
high incidence of stricture formation.5,9,11 In addition, it would
be difficult to enroll and randomize the patients after removing
the lesion because the patients would be under sedation at
that point. Therefore, the present study retrospectively
selected patients who underwent resection and who had a
circumferential mucosal defect of more than 2/3; these
patients were then pseudo-randomized using propensity
score matching. It is often difficult to conduct an RCT because
of budgetary and time constraints or ethical concerns,20 but
retrospective observational studies have potential selection

Table 2 The incidence of stricture formation and the number of EBD dilatation

Triamcinolone
injection (no)

Triamcinolone
injection (yes)

P-value

Stricture
Before
matching

25/92 (27.2) 12/58 (20.7) 0.37

After matching 17/37 (45.9) 7/37 (18.9) 0.016

EBD numbers (mean± s.d., range)
Before
matching

1.7± 3.7, 0–20 0.5±1.2, 0–8 0.02

After matching 2.8± 4.6, 0–20 0.6±1.5, 0–8 0.006

EBD, endoscopic balloon dilatation.
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bias. Propensity scorematching analysis resolves such bias in
observational studies and the effects of treatment are
considered to be approximately randomized.19,21,22

Most previous studies have determined that patients with
circumferential mucosal defects greater than 75% are at risk
for stricture formation.11,12,14 Our study demonstrated similar
results for these types of lesions: 17 of 28 lesions (60.7%)
without locoregional triamcinolone injections had stricture
formations, whereas, only 6 of 23 lesions (26.1%) treated with
locoregional triamcinolone injections had stricture formations
(P= 0.02). However, the risk of stricture formation was
determined by using two-armed categorical data showing
whether the circumferential mucosal defect was less than or
greater than/equal to 75%.9 The cutoff for the risk of stricture
formation was a circumferential mucosal defect of over 71%.8

Although we had previously evaluated the effect of steroid
injection on stricture formation in patients with circumferential

Table 3 The risk factors for esophageal stricture formation by crude logistic regression before and after propensity score matching

Before matching (n=150) After matching (n=74)

n case (%) Crude OR (95%CI) P-value n case (%) Crude OR (95%CI) P-value

Age 150 37 (24.7) 0.97 (0.93–1.02) 0.29 74 24 (32.4) 0.95 (0.85–1.06) 0.37

Gender
Male 122 30 (24.6) 1.00 59 19 (32.2) 1.00
Female 28 7 (25.0) 1.02 (0.40–2.64) 0.96 15 5 (33.3) 1.54 (0.34–7.08) 0.58

ASA-PS
1 19 7 (36.8) 1.00 6 4 (66.7) 1.00
2 114 27 (23.7) 0.53 (0.19–1.49) 0.23 60 19 (31.7) — 0.99
3 17 3 (17.6) 0.37 (0.08–1.74) 0.21 8 1 (12.5) — 0.99

Location
Ce, Ut 28 11 (39.3) 1.00 13 8 (61.5) 1.00
Mt 71 12 (16.9) 0.31 (0.12–0.84) 0.02 34 8 (23.5) 0.25 (0.03–2.24) 0.22
Lt, Ae 51 14 (27.5) 0.59 (0.22–1.55) 0.28 27 8 (29.6) — 0.99

Endoscopic appearance
Elevated 6 1 (16.7) 1.00 3 1 (33.3) 1.00
Flat 15 2 (13.3) 0.77 (0.06–10.49) 0.84 6 1 (16.7) — 0.99
Depressed 129 34 (26.4) 1.79 (0.20–15.87) 0.60 65 22 (33.8) 0.99

Tumor diameter (mm) 150 37 (24.7) 1.04 (1.01–1.07) o0.01 74 24 (32.4) 1.04 (0.96–1.12) 0.36

Steroid injection
Yes 58 12 (20.7) 0.70 (0.32–1.53) 0.37 37 7 (18.9) 1.00
No 92 25 (27.2) 1.00 37 17 (45.9) 6.00 (1.34–26.8) 0.02

Cutting diameter 150 37 (24.7) 1.02 (0.99–1.05) 0.07 74 24 (32.4) 1.02 (0.97–1.07) 0.54
Treatment Time 150 37 (24.7) 1.01 (0.99–1.01) 0.11 74 24 (32.4) 0.99 (0.97–1.03) 0.93
Circumferential mucosal defect (%) 150 37 (24.7) 1.12 (1.01–1.17) o0.01 74 24 (32.4) 1.08 (0.98–1.19) 0.14

Histology
SCC 146 36 (24.8) 1.00 73 24 (32.9) 1.00
Adenocarcinoma 4 1 (25.0) 1.01 (0.10–10.01) 0.99 1 0 (0.0) — 0.99

Invaion depth
EP/LPM 97 24 (24.7) 1.00 45 14 (31.1) 1.00
MM/SM1 37 10 (27.0) 1.13 (0.48–2.66) 0.79 22 8 (36.4) 1.67 (0.40–6.97) 0.48
SM2 16 3 (18.8) 0.70 (0.18–2.67) 0.60 7 2 (28.6) — 0.99

Previous CRT
Yes 9 0 (0.0) — — 3 0 (0.0) — —
No 141 37 (26.2) 1.00 71 24 (33.8) 1.00

Ae, abdominal esophagus; ASA-PS, American Society of Anaesthesiologist Physical Status classification; Ce, cervical esophagus; CI, confidence interval; CRT,
chemoradiotherapy; EP, epithelium; LPM, lamina propria; Lt, lower thoracic esophagus; MM,muscularis mucosa; Mt, middle thoracic esophagus; OR, odds ratio; SCC,
squamous cell carcinoma; SM1, submucosal invasion o200 μm; SM2, submucosal invasion ≥ 200 μm; Ut, upper thoracic esophagus.

Table 4 Univariate and multivariate Odds Ratios of esophageal stricture
formation without steroid injection compared with steroid injection after
propensity score matching

After matching

OR (95% CI) P-value

Unadjusted 6.00 (1.34–26.8) 0.019
Adjusted for PS 5.64 (1.20–26.6) 0.029
Adjusted for Circumferential
mucosal defect

7.68 (1.06–55.4) 0.043

Adjusted for age 5.88 (1.28–27.0) 0.023
Adjusted for gender 9.44 (1.26–70.8) 0.029
Adjusted for macroscopic appearance 13.7 (1.54–122.0) 0.019
Adjusted for ASA-PS 8.91 (1.24–64.2) 0.03
Adjusted for age, gender,
macroscopic appearance, ASA-PS,
circumferential mucosal defect

11.4 (1.15–112.0) 0.038

ASA-PS, American Society of Anaesthesiologist Physical Status classification;
CI, confidence interval; OR, odds ratio; PS, propensity score.
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mucosal defects of any size, who had received two types of
steroid injection, there were too many associated limitations.13

In addition, the indication for locoregional triamcinolone
injection in our institution is resection of a circumferential
mucosal defect of more than 2/3; entire circumferential
resections are excluded. Therefore, in the present study, we
selected patients with circumferential mucosal defects of more
than 2/3. Regardless of the low incidence of stricture formation
in the control group (45.9%), our study demonstrated that
locoregional steroid injections reduced stricture formation.
Although several methods of steroid injections have been

reported,10–14,18 a single triamcinolone injection immediately
after ESD was as effective as the other methods.11 In addition,
it may be easier to recognize, and inject into, the submucosal
layer immediately after ESD; therefore, adverse events such
as perforation could be avoided. Furthermore, a single session
could reduce not only the effort of the patients and the medical
staff, but also the administration period andmedical costs. The
present study showed that a single triamcinolone injection of
80 mg offered sufficient protection against stricture formation,
even though this dose was lower than that used in previous
studies.11,14 However, a prospective study evaluating the
optimal dose of triamcinolone injection is required.
Intralesional corticosteroids may prevent stricture formation

by inhibiting not only collagen synthesis, but also fibrosis and
inflammation.22–25 Although oral prednisolone also prevents
stricture formation after esophageal ESD and has the potential
to prevent more extensive lesions,26 long treatment duration
and high total steroid dosage lead to systemic adverse events,
such as infection or worsening of diabetes mellitus.27 In
addition, oral prednisolone may delay additional surgery or
chemoradiotherapy in cases with a deeper histological depth
of invasion, due to possible infection or failure of the sutures.13

Conversely, a single triamcinolone injection immediately after
ESD is considered to be easier, with fewer adverse events. A
multicenter RCT comparing the 2 methods is ongoing.28

However, it was difficult to prevent stricture formation in wholly
circumferential cases, even with the use of local and systemic
steroids.18,26,29,30 Hybrid therapy using steroid injection and
polyglycolic acid sheets may be more efficient at preventing
stricture formation than steroid injections alone, even in
wholly circumferential cases.31,32 Compared with several
therapies,26,33,34 a single session of locoregional triamcino-
lone injection immediately after ESD may be easier, less
expensive, and may also demonstrate similar efficacy and
safety profiles.
Our study had some limitations. First, this was a retro-

spective study using a propensity score analysis in a single
center15,21 Second, the sample size decreased after propen-
sity score matching. However, even in small studies, propen-
sity score matching can yield unbiased estimations of
treatment effect, unless the true confounders and the variables
related only to the outcome are not included in the propensity
model.35 In addition, the present study had a larger sample
size than previous similar studies regardless of matching.
Third, the lesion located at the cervical esophagus, which was
considered at risk of stricture, was not evaluated, because all
patients received a triamcinolone injection, but only 1 patient
(16.7%) developed a stricture. In addition, post-CRT status
was also considered a risk factor for stricture, but the present

study found no stricture cases in post-CRT patients, similar to
a previous report.17

In conclusion, a single session of locoregional triamcinolone
injection immediately after ESD for superficial esophageal
neoplasia efficiently prevented stricture formation.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ The incidence of stricture formation caused by ESD for

widespread lesions is high and can lead to a low quality of life.

✓ Locoregional triamcinolone injection was useful for the
prevention of stricture formation, but a randomized
comparative study did not report any advantages
associated with steroid injection.

WHAT IS NEW HERE
✓ In the patientswithmucosal defects that spannedmore than

66% of the esophageal circumference, 45.9% had stricture
formation.

✓ Single locoregional triamcinolone injections immediately
after esophageal ESD reduced stricture formations using
propensity score matching adjustment. Locoregional
triamcinolone injection also reduced the number of EBD
sessions required to treat stricture formation.
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