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Abstract

Background and Aim: Esophageal endoscopic submucosal dissection (ESD) to resect

widespread lesions has increased the incidence of strictures, and some patients develop

strictures despite receiving prophylactic locoregional triamcinolone injections. This

study evaluated the predictive factors for esophageal stricture formation in patients

administered prophylactic triamcinolone injections after ESD.

Methods: This was a retrospective observational study. Of 552 consecutive patients

who underwent ESD, those who received prophylactic triamcinolone injections

immediately after ESD were enrolled. The primary outcome was the predictive factors

for esophageal stricture formation in patients administered prophylactic triamcinolone

injections.

Results: We evaluated 101 en bloc resections involving 144 lesions in 96 patients.

Strictures occurred following 17 (16.8%) resections. Wider circumferential mucosal

defect (odds ratio [OR] 2.42, 95% confidence interval [CI]: 1.01-5.80; p = 0.048) was

an independent predictive factor for stricture development. The cut-off value associated

with stricture formation was five-sixths of the circumferential mucosal defect.

Propensity analysis determined that the frequency of esophageal strictures increased in



patients with circumferential mucosal defects of more than five-sixths compared with
those less than five-sixths (OR 5.70, 95% CI: 1.61-20.18; p = 0.007).

Conclusions: Resections involving circumferential mucosal defects of more than five-
sixths increased the likelihood of stricture formation in patients administered

prophylactic locoregional triamcinolone injections after esophageal ESD.

Key words: steroid, stenosis, risk, propensity score, inverse probability of treatment

weighting (IPTW)



Introduction

Esophageal cancer has a poor prognosis, and this relates to difficulties associated with
early detection.[1,2] New optical imaging techniques, for example, narrow-band
imaging endoscopy, have facilitated the detection of early-stage esophageal cancer,[3,4]
and curative endoscopic resection has improved the survival rates.[5-8] In addition, en
bloc resections can be achieved for superficial esophageal neoplasias using endoscopic
submucosal dissection (ESD), regardless of the tumor’s size.[6-8] However, widespread
resection involving over 71% of the circumferential mucosal defect by ESD has led to a
high incidence of stricture formation.[9,10] Serious dietary deficiencies caused by
refractory esophageal stricture formation reduce the quality of life of patients and
necessitate multiple endoscopic balloon dilatation (EBD) sessions that incur high
medical costs.

Administering prophylactic oral steroids or locoregional steroid injections is useful for
preventing such strictures.[11-16] A single session of triamcinolone injections
immediately after ESD may prevent stricture formation without any severe adverse
events.[12,14] However, some patients develop strictures despite receiving locoregional
triamcinolone injections, and the predictive factors associated with stricture formation
in these cases have not yet been determined. A tumor circumferential extent greater than
75% has been reported as a risk factor for refractory stricture development, which was
defined as the requirement for more than three sessions of EBD to resolve the stricture,
even in cases who have received locoregional triamcinolone injections.[17] While the
preoperative circumference was investigated in the aforementioned study, most studies
investigating the risk factors associated with stricture formation have evaluated the

circumferential mucosal defect after ESD rather than the preoperative



circumference;[9,10] therefore, our study focused on evaluating the circumferential
mucosal defect after ESD instead of the preoperative tumor circumference.

The present study aimed to investigate the predictive factors associated with
esophageal stricture formation in patients who had been administered a single session of

prophylactic locoregional triamcinolone injections immediately after esophageal ESD.



Methods

Patients
This was a retrospective observational study that was conducted at a single center in

Japan. A total of 552 consecutive patients and 930 superficial esophageal neoplasias

underwent ESD between May 2004 and March 2016 (Figure 1). Patients who received
prophylactic locoregional triamcinolone injections immediately after esophageal ESD,
were enrolled to participate in this study. Patients who received other prophylactic
therapies for stricture formation were excluded. The larger lesions in patients from
whom multiple synchronous lesions were resected en bloc were considered to be the
target lesions.

The ethics committee of the Osaka City University Graduate School of Medicine

approved the study’s protocol (number 3487).

Outcomes

The primary outcome of this study was the identification of the predictive factors
associated with esophageal stricture formation in patients who received a single session
of locoregional triamcinolone injections immediately after esophageal ESD. The cut-off
value for the circumferential extent of the mucosal defect associated with stricture
formation and the incidence of stricture formation associated with this cut-off value

were the secondary outcomes.

Endoscopic submucosal dissection procedure



A complete description of the ESD procedure has been reported. [6,15] [18] A bipolar
needle knife (B knife; Xemex Co., Tokyo, Japan) and a monopolar needle knife (Flush
knife, DK2618JN; Fujifilm Medical, Tokyo, Japan) were the main electrosurgical
knives utilized. After the marker dots had been placed, a hyaluronic acid solution was
injected into the submucosal layer, then the circumferential mucosal incision and the
submucosal dissection were performed. The procedure time was defined as the period
from the circumferential incision to the removal of the tumor. The preoperative
longitudinal diameter of the lesion was measured endoscopically from the oral to the

anal end.

Locoregional triamcinolone injections

The indication for locoregional triamcinolone injections is defined as a patient with a
mucosal defect encompassing more than two-thirds of their esophageal circumference,
because those with mucosal defects encompassing >71% of the esophageal
circumference are at risk of stricture formation.[9] The circumferential mucosal defect
was measured as the proportion of the esophageal circumference that was removed,
based on its division into 12 equal parts when the esophageal lumen was spread to its
maximum width using full insufflation (e.g. 9/12 and 11/12). The measured values were
represented as percentages. In addition, patients with mucosal defects that encompass
more than half of their esophageal circumference and who have lesions in the cervical
esophagus or near a previous ESD scar, receive locoregional triamcinolone injections,
because they are considered to be at a high risk of stricture.[17] Patients were
administered a single session of triamcinolone acetonide (Kenacort; Bristol-Myers
Squibb, Tokyo, Japan) injections into the residual submucosal layer of the resected
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region immediately after ESD. Regardless of the sizes of the resected specimens, 40
sequential 0.5 mL (2 mg) injections of triamcinolone acetonide were administered to

achieve a total dose of 80 mg.[14]

Follow-up and stricture formation

Endoscopic stricture evaluations were performed every 4 weeks after ESD until
scarring was confirmed. The presence of a stricture was confirmed when a standard 9.2-
mm diameter upper gastrointestinal endoscope (GIF-Q260; Olympus, Tokyo, Japan)
could not be passed through the treatment site. When a patient complained of dysphagia
associated with semisolid foods, that is, a dysphagia score of 2, an endoscopic
evaluation was performed at that time. [12,19] Dysphagia score is followings: grade 0,
can have a normal diet; grade 1, can tolerate some solid foods; grade 2, can tolerate
semisolids only; grade 3, can swallow liquids only; and grade 4, complete
dysphagia.[19] EBD was repeated when a stricture persisted, either endoscopically or

symptomatically.

Statistical analyses

The continuous variables are presented as the means and standard deviations, and the
categorical variables are presented as numbers. Regarding the categorical variables,
comparisons were using the chi-squared test or Fisher’s exact test when necessary,
because of the small sample sizes. For the continuous variables, comparisons were

using Student’s t-test. Logistic regression analysis was used to evaluate the
simultaneous effects of 12 variables (Table 1) on stricture formation, and the risk factors
for stricture formation were estimated by calculating the odds ratios (ORs) and the 95%

9



confidence intervals (CIs). Preoperative invasion depth of adenocarcinoma was
diagnosed limited LPM when no findings suspected SM massive invasion were
observed. Generalized estimating equations (GEEs) were used to analyze the repeated
measures data.[20] A receiving operating characteristic (ROC) curve was constructed,
and the optimal cut-off value for the circumferential extent of the mucosal defect was
determined at the inflection point of the ROC curve. Twelve variables that may
influence stricture formation were used to generate propensity scores ranging from 0 to
1 using logistic regression. The validity of the model was assessed by estimating the
area under the ROC curve using c-statistics. The reliability of the model was evaluated
using the Hosmer-Lemeshow test for goodness-of-fit. In addition, the inverse
probability of treatment weighting (IPTW) method based on propensity scoring was
used.[21-25] We adjusted for the confounding factors by using the estimated propensity
scores to assign weights to the data. Analyses involving IPTW linear regressions for
stricture formation were performed. The statistical analyses were performed using
IBM® SPSS® software, version 23.0 for Windows (IBM Corporation, Armonk, NY,
USA). The ROC curve was constructed using R software, version 3.0.2 (R Core Team,
Vienna, Austria). All of the statistical tests were two-sided, and a value of p < 0.05 was

considered statistically significant.

10



Results

Clinicopathological characteristics

Of the 105 patients (162 lesions) who were administered prophylactic locoregional
triamcinolone injections, nine patients who received other prophylactic therapies were
excluded (Figure 1). Consequently, 101 en bloc resections involving 144 lesions in 96
patients were evaluated. Of these, two and three synchronous lesions were resected en
bloc in 17 and 7 patients, respectively.

Of the 101 en bloc resections performed, 17 (16.8%) strictures formed in 17 patients.
The longitudinal diameters of the lesions were longer and the circumferences of the
mucosal defects were significantly wider in the patients with strictures compared with
those without strictures (Table 1). The two groups were similar with respect to all other
factors.

We evaluated accuracy of the diagnosis of invasion depth and the positive predictive
values of IEN-LPM, MM-SM1, and SM2 were 85.2%, 41.2%, and 100.0%,
respectively.

Predictive factors for stricture formation

We evaluated the predictive factors for stricture formation in the patients who were
administered a locoregional triamcinolone injections by comparing the resections that
were and were not followed by stricture formation (Table 2). A crude logistic regression
analysis demonstrated that a longer longitudinal diameter (OR 1.04, 95% CI: 1.00-1.07,
p = 0.03) and a wider circumferential mucosal defect (OR 2.33, 95% CI: 1.27-4.29; p =

0.006) were associated with stricture formation. The multivariate logistic regression

11



analysis showed that the extent of the circumferential mucosal defect (OR=2.42, 95%

Cl: 1.01-5.80; p = 0.048) was an independent predictive factor for stricture formation.

Cut-off value

The cut-off value for the circumferential extent of the mucosal defect that was
associated with stricture formation was 0.833 (five-sixths) (Figure 2), which had a
sensitivity of 69.0% and a specificity 64.7%, and the area under the curve 71.2.

Using this cut-off value, we determined that the frequency of esophageal stricture
formation increased following resections involving five-sixths or more of the
circumferential mucosal defect (29.7%, 11/37) compared with resections involving less
than five-sixths the circumferential mucosal defect (9.4%, 6/64) (p < 0.01). Logistic
regression analysis determined that stricture formation increased in association with
resections of five-sixths or more of the circumferential mucosal defect (OR 4.09, 95%
Cl: 1.36-12.3; p = 0.012) (Table 3). The effect of the circumferential extent of the
mucosal defect on stricture formation persisted several adjustments (OR 4.88, 95% CI:
1.37-17.4; p = 0.015), and following adjustments for all 12 factors (OR 12.13, 95% ClI:

2.95-49.96; p = 0.001) (Table 3).

Evaluation using the inverse probability of treatment weighting method

A quasi-randomized study can be created by using propensity scoring. The propensity
score model was well calibrated (Hosmer-Lemeshow test: p = 0.22) and showed good
discrimination between the groups (c-statistic = 0.89). After adjusting the model for
differences in relation to the baseline risk factors using the IPTW method with the
GEEs, we determined that esophageal stricture formation increased in association with

12



resections involving five-sixths or more of the circumferential mucosal defect (OR 5.70,

95% Cl: 1.61-20.18; p = 0.007) (Table 3).
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Discussion

The findings from this study demonstrated that the extent of the circumferential

mucosal defect was an independent predictive factor for stricture formation in patients

who were administered a single session of prophylactic locoregional triamcinolone

injections immediately after esophageal ESD. In addition, a cut-off value was five-

sixths of the circumferential extent of the mucosal defect. After adjusting for

differences in the baseline risk factors using the IPTW method, a circumferential

mucosal defect of five-sixths or more was associated with a significant increase in

stricture formation.

Locoregional steroid injections may prevent stricture formation after esophageal

ESD.[11-15] Administering locoregional corticosteroids may inhibit collagen synthesis,

fibrosis, and inflammation.[26] Although several methods for administering the steroid

injections have been described,[11-15,27] a single session of triamcinolone injections

administered immediately after ESD is more straightforward and less expensive, and it

may have similar efficacy.

This study has three strengths. First, this is the first study to investigate predictive

factors for stricture formation in patients who received a prophylactic locoregional

triamcinolone injections after ESD. Stricture formation rate of patients who have

14



received locoregional triamcinolone injections in the present study (16.8%) was similar

to that of previous studies (10-20%).[11-15,28] . A tumor circumferential extent greater

than 75% has been reported as a risk factor for refractory stricture development, which

was defined as the requirement for more than three sessions of EBD to resolve the

stricture, even in cases who have received locoregional triamcinolone injections.[17]

Although the preoperative tumor circumference was evaluated in the aforementioned

paper, most studies of the risk factors associated with stricture formation have evaluated

the circumferential mucosal defect after ESD.[9,10] Changes in the circumferential

mucosal defect after ESD compared with the preoperative tumor circumference depend

upon the cut margins and the skill of the endoscopist. In addition, the preoperative

tumor circumference cannot be evaluated in cases from whom multiple synchronous

lesions are resected en bloc; hence, it is better to assess the circumferential mucosal

defect to evaluate the risk of stricture formation.

This study’s second strength relates to the determination of the cut-off value for the

circumferential extent of the mucosal defect at the inflection point of the ROC curve.

Most studies that have investigated the risk of stricture formation after esophageal ESD,

determined the risk by using two-armed categorical data that showed whether the

circumference was less than/equal to or greater than 75%.[10,17] After determining the

15



cut-off value, we determined that a circumferential mucosal defect of five-sixths or

more was associated with an increase in stricture formation, and the incidence of

strictures was similar to that reported previously.[17] In addition, the number of EBD

sessions required to treat the strictures was significantly higher if the resected

circumferential mucosal defect was five-sixths or more (0.6 + 1.4) compared with those

required when the resected circumferential mucosal defect was less than five-sixths (0.2

+0.6) (p = 0.04).

Third, after the cut-off value had been determined, we evaluated the incidence of

stricture formation using the IPTW method with propensity scoring.[21,22,24,25]

Selection bias can persist in retrospective studies, because the relationship between

stricture formation and the circumferential mucosal defect may be affected by

confounding factors, including age, gender, and the clinical characteristics.[23] An

IPTW method based on propensity scoring, which can be employed without reducing

the sample size, was used to assess the sensitivity of the results and to evaluate

statistically causal effects that were independent of the confounding effects.

It is difficult to prevent an entire circumferential mucosal defect after ESD despite

using several prophylactic therapies,[27,28] and it is an independent risk factor for

refractory stricture formation, even in patients who have received locoregional

16



triamcinolone injections.[17] Given that our study included just one patient who had an

entire circumferential mucosal defect, we were unable to evaluate this as a risk factor.

Nevertheless, the data from our study showed that a subcircumferential mucosal defect

of five-sixths or more was a predictive factor for stricture formation in patients who had

received locoregional triamcinolone injections, which excluded the patient with the

entire circumferential mucosal defect. A lesion located at the cervical esophagus is

considered a risk factor for stricture formation,[17,29] but it was not a predictive factor

of stricture formation in our study (2/14, 14.3%). This finding may have been

influenced by the small sample size and our indication for steroid injections. The post-

CRT status is also considered a risk factor for stricture formation,[17,29] but the

findings from the present study did not determine a risk for stricture development (2/11,

18.2%).

Although oral prednisolone can prevent more extensive lesions, it is difficult to

prevent strictures in the presence of entire circumferential lesions.[16,27,30,31] Some of

the disadvantages associated with oral steroid administration include the long treatment

durations, the high total steroid dosages, which lead to systemic adverse events, for

example, infections or a worsening of diabetes mellitus, and delays in performing

additional surgery or administering CRT because of possible infections in cases with

17



deeper invasions. Recently, investigators have shown that locoregional steroid

injections followed by oral steroids may prevent stricture formation in cases with

circumferential mucosal defects that are seven-eighths or more.[29] Hybrid therapy

using steroid injections and polyglycolic acid sheets may prevent stricture formation,

even in cases with circumferential mucosal defects of five-sixths or more.[32]

Therefore, we propose the strategies for the above-mentioned combination prophylactic

therapy for circumferential mucosal defects greater than five-sixth of the esophageal

circumference. In addition, increasing the total dose of the triamcinolone injection may

have the potential to prevent stricture in such cases, because we injected a total amount

of 80 mg, regardless of the lesion size. However, a prospective randomized study that

compares steroid injections administered alone with the aforementioned combination

therapies to patients at a high risk of stricture formation would be beneficial.

Our study has some limitations. This was a retrospective single center study in small

sample size. These limitations may have affected the significance of the other factors, in

particular, the cases with lesions located at the cervical esophagus and those previously

administered CRT. To resolve these limitations, prospective large-scale multicenter

studies should be conducted.
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In conclusion, a circumferential mucosal defect of more than five-sixths increases the

risk of stricture formation in patients who received a single session of prophylactic

locoregional triamcinolone injections immediately after esophageal ESD. Additional or

alternative prophylactic therapy would be beneficial for these patients.
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Figure legends

Fig. 1. Diagram of the study design. ESD, endoscopic submucosal dissection.
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Fig. 2. Cut-off value by ROC curve. The cut-off value of circumferential mucosal
defect associated with stricture formation was 0.833 (five-sixth) according to the

inflection point of the ROC curve.
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Table 1. Patient characteristics

Stricture (-)  Stricture (+)  p value
Number of cases 84 (83.2%) 17 (16.8%)

Age, years, mean + SD 69.9 + 8.7 69.4+5.3 0.81

Gender Female 17 (89.5%) 2 (10.5%) 0.52
Male 67 (81.8%) 15 (18.3%)

Location Ce 12 (85.7%) 2 (14.3%) 0.86
Th 69 (83.1%) 14 (16.9%)
Ae 3 (75.0%) 1 (25.0%)

Macroscopic appearance Elevated, Flat 28 (84.8%) 5 (15.2%) 0.79
Depressed 56 (82.4%) 12 (17.6%)

Longitudinal diameter (mm) 309+144 38.6+14.4 0.04

Circumferential mucosal defect (%) 74.0+12.0 83.3+113 0.004

Preoperative invasion depth IEN, EP, LPM 68 (84.0%) 13 (16.0%) 0.71
MM, SM1 13 (76.5%) 4 (23.5%)
SM2 3 (100.0%) 0 (0.0%)

Previous chemoradiotherapy No 75 (83.3%) 15 (16.7%) 1.00
Yes 9 (81.8%) 2 (18.2%)

ESD scar No 72 (81.8%) 16 (18.2%) 0.69
Yes 12 (92.3%) 1 (7.7%)

Endoscopist Expert 56 (86.2%) 9 (13.8%) 0.41
Trainee 28 (77.8%) 8 (22.2%)

Surgical knife Monopolar 51 (85.0%) 9 (15.0%) 0.60
Bipolar 33 (80.5%) 8 (19.5%)

Treatment time (min) 112.2 +55.7 121.4+46.5 0.53

Histology SCC 82 (83.7%) 16 (16.3%) 0.43
Adenocarcinoma 2 (66.7%) 1 (33.3%)

SD, standard deviation; Ce, cervical esophagus; Th, thoracic esophagus; Ae, abdominal

esophagus; IEN, intraepithelial neoplasia; EP, epithelium; LPM, lamina propria mucosae; MM,

muscularis mucosae; SM1, submucosal invasion <200pum; SM2, submucosal invasion > 200um;

ESD, endoscopic submucosal dissection; SCC, squamous cell carcinoma.
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Table 2. Predictive factors for stricture formation

GEE Crude-OR

GEE Multiple-adjusted

OR
n Cases % OR (95%Cl) p value OR (95%CI)  p value

Number 101 17 16.8
Age, years, mean + SD 101 17 16.8 0.99 (0.95-1.05) 0.74
Gender Male 82 15 183 1.00

Female 19 2 105 0.53 (0.11-2.52) 0.42
Location Ce 14 2 143 1.00 1.00

Th 83 14 16.9 1.21 (0.24-6.13) 0.81 0.36 (0.04-2.91) 0.34

Ae 4 1 250 2.00 (0.13-30.5) 0.62 1.06 (0.06-17.5) 0.97
Macroscopic appearance Elevated, Flat 33 5 15.2 1.00

Depressed 68 12 17.6 1.20 (0.39-3.74) 0.75
Longitudinal diameter 101 17 16.8 1.04 (1.00-1.07) 0.03 1.02 (0.98-1.06) 0.38
Circumferential mucosal defect 101 17 16.8 2.33 (1.27-4.29) 0.006 2.42 (1.01-5.80) 0.048
Preoperative invasion depth IEN, EP, LPM 81 13 16.0 1.00

MM, SM1 17 4 235  1.61(0.46-5.69) 0.46

SM2 3 0 00 -
Previous chemoradiotherapy ~ No 90 15 16.7 1.00 1.00

Yes 11 2 18.2 1.11 (0.22-5.64) 0.90 1.56 (0.38-6.44) 0.54
ESD scar No 88 16 18.2 1.00 1.00
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Yes 13
Endoscopist Expert 65
Trainee 36
Surgical knife Monopolar 60
Bipolar 41
Treatment time 101
Histology SCC 98
Adenocarcinoma 3

1
9
8
9
8
17

16
1

7.7
13.8
22.2
15.0
19.5
16.8
16.3
33.3

0.38 (0.05-3.08)
1.00
1.78 (0.62-5.69)
1.00
1.37 (0.49-3.89)
1.00 (0.99-1.01)
1.00
2.56 (0.22-30.0)

0.36

0.28

0.55
0.46

0.45

0.45 (0.03-6.50) 0.56

SD; standard deviation; Ce, cervical esophagus; Th, thoracic esophagus; Ae, abdominal esophagus; IEN, intraepithelial neoplasia; EP,

epithelium; LPM, lamina propria mucosae; MM, muscularis mucosae; SM1, submucosal invasion <200um; SM2, submucosal invasion >

200um; ESD, endoscopic submucosal dissection; SCC, squamous cell carcinoma; GEE, generalized estimating equations; OR, odds ratio;

Cl, confidence interval.
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Table 3. Multivariate and IPTW logistic odds ratio of stricture formation
associated with circumferential mucosal defect

Odds Ratio (95% CI)  p value

Unadjusted 4.09 (1.36-12.3) 0.012
Adjusted for location, longitudinal diameter,

4.88 (1.37-17.4) 0.015
post CRT, ESD scar
Adjusted for all factors 12.13 (2.95-49.96) 0.001
IPTW 5.70 (1.61-20.18) 0.007

CRT, chemoradiotherapy; ESD, endoscopic submucosal dissection; IPTW,

inverse probability of treatment weighting.
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