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Abstract
Background and aims Esophageal stricture is a distressing issue for patients with early esophageal cancer following extensive 
endoscopic submucosal dissection (ESD), and the current steroid-based approaches are unsatisfactory for stricture prophy-
laxis. We evaluated the efficacy of oral hydrocortisone sodium succinate and aluminum phosphate gel (OHA) for stricture 
prophylaxis after extensive ESD.
Methods Patients undergoing > 3/4 circumferential ESD were randomized to either the endoscopic loco-regional triam-
cinolone acetonide injection (ETI) plus oral prednisone group or the OHA group. The primary endpoint was incidence of 
esophageal stricture, and the secondary endpoints included adverse events (AEs) and endoscopic balloon dilations (EBDs).
Results The incidence of esophageal stricture in OHA group (per-protocol analysis, 9.4%, 3/32; intention-to-treat analysis, 
12.1%, 4/33) was significantly less than that of control group (per-protocol analysis, 35.5%, 11/31, P = 0.013; intention-to-
treat analysis, 39.4%, 13/33, P = 0.011). Two sessions of EBD were necessary to release all strictures in the OHA group, while 
the similar EBDs (median 2, range 1–4) for 11 of the control. Operation-related AEs included infection (control vs. OHA 
group = 9.7% vs. 31.3%, P = 0.034), operation-related hypokalemia (19.4% vs. 31.3%, P = 0.278), perforation (3.2% vs. 3.1%), 
post-ESD hemorrhage (6.5% vs. 0%), and cardiac arrhythmia (0% vs. 6.3%). Steroid-related AEs included steroid-related 
hypokalemia (16.1% vs. 25%) and bone fracture (3.2% vs. 0%). Multivariate logistic regression analysis demonstrated that 
OHA was an independent protective factor for stricture (OR 0.079; 95%CI 0.011, 0.544; P = 0.01) and mucosal defect > 11/12 
circumference was an independent risk factor (OR 49.91; 95%CI 6.7, 371.83; P < 0.001).
Conclusions OHA showed significantly better efficacy in preventing esophageal stricture after > 3/4 circumferential ESD 
compared to ETI plus oral prednisone.
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Endoscopic submucosal dissection (ESD) is now widely 
used for treating early esophageal cancer [1–3]. Its main 
complications are hemorrhage, perforation, esophageal stric-
ture, etc. For patients with mucosal defect > 3/4 esophageal 
circumference, post-ESD stricture is the most important 
complication affecting patients’ quality of life as it leads to 

dysphagia, vomiting, and the need for endoscopic balloon 
dilations (EBDs) [4–6].

Dilation with balloon or bougie is the main treatment for 
post-ESD stricture [7–9]. In addition to operational discom-
fort, multiple dilations carry risks of esophageal perforation 
and hemorrhage [10]. Approximately 30 sessions of EBDs 
are needed to completely relieve stricture following com-
plete circumferential ESD [11]. The application of esopha-
geal self-expandable stents is limited by adverse events 
(AEs) and post-removal restenosis. Although absorbable 
stents avoid the risks associated with stent removal, unsat-
isfactory efficacy and self-dislocation remain considerable 
issues [12–15].
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Regarding pharmacological treatment, steroid-based 
approaches have become the mainstream treatment for stric-
ture prophylaxis. Since the two preventive methods of oral 
steroid and local injection of triamcinolone acetonide were 
demonstrated in 2011 [16, 17], many studies have exam-
ined their efficacy, as well as that of their variants and com-
binations. These studies have demonstrated that the stric-
ture rate was approximately 29.4% (range from 0 to 50%) 
among patients with > 3/4 circumferential defects [18–21]. 
Abe et al. [22] reviewed 21 original relevant articles and 
concluded that oral and local-injection/administered steroids 
were the first-line treatment options for stricture prophy-
laxis. Kadota [21] found that for patients with > 7/8 circum-
ferential ESD, the endoscopic loco-regional triamcinolone 
injection (ETI) was unsatisfactory, while ETI together with 
oral steroid was also ineffective for complete circumferential 
ESD. Therefore, novel approaches are necessary for stricture 
prophylaxis after extensive ESD.

Hydrocortisone cream for external use in dermatology is 
absorbed through the skin and to a greater extent in lesions, 
which may be consistent with the absorption through the 
esophageal mucosa. Moreover, viscous aluminum phos-
phate gel continuously provides a local physical barrier 
and increased hydrocortisone to lesions. We invented oral 
hydrocortisone sodium succinate and aluminum phosphate 
gel (OHA) and hypothesized that the aluminum phosphate 
gel could help to maintain higher local steroid concentration 
in lesions, suppressing inflammation and preventing stricture 
formation. Preliminary experiment had shown its superior-
ity, especially in complete circumferential ESD [23]. In this 
study, we tested the hypothesis that the novel prophylactic 
method, OHA gel would reduce esophageal stricture inci-
dence after > 3/4 circumferential ESD.

Materials and methods

Study design and participants

The study was registered at https ://clini caltr ials.gov/ 
(NCT03165344), and was a randomized, controlled, open-
label, single-center trial of OHA gel in patients with early 
esophageal cancer undergoing > 3/4 circumferential ESD. 
Authors who were responsible for data analysis and evalua-
tion of esophageal stricture were blind to group allocation. 
Primary aims were to determine the efficacy and safety of 
OHA gel in preventing esophageal stricture after > 3/4 cir-
cumferential ESD.

The eligibility criteria were as follows: (1) early esophae-
alg cancer limited to the mucosal layer, (2) eligible for ESD 
and expected mucosal defect involving > 3/4 circumfer-
ence, (3) ≥ 18 years old, and (4) no lymph node metastasis 
on endoscopic ultrasonography and computed tomography. 

The exclusion criteria were as follows: (1) ineligibility for 
ESD, (2) occurrence of perforation requiring conversion 
to surgery, (3) history of chemo-radiotherapy or surgery 
for esophageal cancer, or (4) contraindications for ESD, 
anesthesia, and long-term steroid use (e.g., organ failure, 
non-correctable coagulopathy, and uncontrolled diabetes 
mellitus).

This trial was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Ethics Committee 
of the Peking University Third Hospital Medical Science 
Research Ethics (M2016171). Written informed consent was 
obtained from all patients.

Sample size

Based on previous studies and a preliminary experiment, 
we estimated that 5.3% patients from the OHA group would 
develop esophageal stricture [23], compared to 29.4% from 
the ETI plus oral prednisone group [16, 18–21]. We deter-
mined that 54 patients (27 per group) would provide a power 
of 80% to detect a difference between the two groups based 
on a one-sided α level of 0.05 (PASS 11, NCSS LLC, Kay-
sville, UT, USA). The sample size was determined to be 66, 
with an allowance of approximately 20% for drop out.

Randomization

A statistician from the Clinical Epidemiology Research 
Centre of Peking University Third Hospital created the ran-
domization sequence. The 1:1 randomization sequence was 
generated using blocks of four. The allocation was prepared 
in individual sealed opaque envelopes, and patients were 
randomly assigned to the control group (ETI + oral pred-
nisone) or the OHA group.

Data collection

The collected demographic and clinical characteristics 
included age, sex, lesion location (upper, middle, and lower 
thoracic esophagus, cardiac esophagus), invasive depth 
(dysplasia-M1-M2, M3-SM1, SM2), vertical margin residue, 
mucosal defect percentage (%), circumference of mucosal 
defect (3/4 to 5/6, 5/6 to 11/12, 11/12 to 1, 1), longitudinal 
length, en bloc resection, AEs (e.g., infection, hypokalemia, 
perforation, hemorrhage, bone fracture, and so on), delay of 
oral steroid application and delayed days, dysphagia occur-
rence time, stricture incidence, number of sessions of EBDs, 
and follow-up time. If patients demonstrated infection after 
ESD and oral steroid application was delayed for several 
days, “delayed days of steroid application” were recorded.

https://clinicaltrials.gov/
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ESD procedure

All ESDs were performed with patients under general 
anesthesia and tracheal intubation and were completed by 
an experienced chief physician from our center. Lesions 
were stained with iodine, and marker dots were placed 
5 mm outside the margin. After submucosal injection of 
0.005% adrenaline, glycerol fructose, and methylene blue 
solution, lesion dissection was completed by mucosal inci-
sion and submucosal dissection using IT-NANO knives 

(KD-612U; Olympus Corporation, Tokyo, Japan) and Dual 
knives (Olympus Corporation, Tokyo, Japan), followed 
by hemostasis. The mucosal defect percentage was meas-
ured based on the intraoperative photography when the 
esophageal lumen was spread to its maximum width using 
full insufflation (Fig. 1D). The mucosal defect percentage 
was calculated as follows: 100% × (360° − α)/360°, where 
angle α is the peripheral angle occupied by the residual 
esophageal mucosa where the circumferential mucosal 
defect is the greatest.

Fig. 1  Endoscopic views of the esophagus of a case from the OHA 
group. A Esophageal cancer extends to almost the entire circumfer-
ence. B The entire circumferential mucosal defect after ESD. C 
Follow-up endoscopy 3  months after ESD showed no esophageal 
stricture after complete circumferential ESD. D Schematic diagram 

demonstrating the measurement of the degree of the mucosal defect 
(mucosal defect percentage = 100% × (360° − α)/360°), where angle α 
is the peripheral angle occupied by the narrowest residual esophageal 
mucosa. ESD endoscopic submucosal dissection, OHA oral mixture 
of hydrocortisone sodium succinate and aluminum phosphate gel
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Steroid regimens

In the control group, immediately after ESD, patients 
received a single session of loco-regional injection of 80 mg 
triamcinolone acetonide which was diluted with saline to 
4 mL and injected into 8–10 points in the residual submu-
cosal tissue of the ulcer bed using a 25-gage, 4-mm needle. 
Oral prednisone was started at 24 h after ESDs and tapered 
over 8 weeks (Fig. 2A) if no AEs, e.g., infection or perfora-
tion, occurred within 24 h of ESD. Accidental injection of 
steroid into the muscularis propria was avoided, as it may 
cause delayed perforation and muscularis propria necrosis.

For the OHA group, after exclusion of infection and per-
foration within 24 h of ESD, OHA was initiated and tapered 
over the following 8 weeks (Fig. 2B). One unit of OHA 
comprised 50/25/12.5 mg hydrocortisone sodium succi-
nate and 20 g aluminum phosphate gel. The patients were 
instructed to fast for 2 h before taking OHA, lay flat for 1 h, 
roll sideways several times, and continue fasting for another 
2 h. The OHA gel was produced by dissolving one vial of 
hydrocortisone sodium succinate (each vial contained 50 mg 
hydrocortisone) with 2 ml saline and mixing with 20 g alu-
minum phosphate gel in a 50 ml cup. When preparing a 
unit containing 25 mg hydrocortisone, 1 ml was extracted 
from the 2 ml hydrocortisone sodium succinate solution to 
be mixed with the 20 g aluminum phosphate gel. Similarly, 
0.5 ml was extracted for the 12.5 mg preparation.

Following ESDs, all participants fasted for 3 days, fol-
lowed by liquid food for 2 days, and semisolid food for 1 day. 
Within 72 h of ESD, the mixture of 20 g aluminum phos-
phate gel and 1000 units of thrombin dissolved by 10 ml 
saline was swallowed four times daily by all participants. 
The participants of the OHA group had 50 mg hydrocorti-
sone sodium succinate added to the above mixture when no 

infection and perforation occurred within 24 h of ESD. Pro-
ton pump inhibitors (PPIs) were administered for 3 months. 
Patients encountering esophageal stricture and undergoing 
EBD were also followed by one session of OHA regimen. 
Patients received calcium and vitamin D supplement to pre-
vent osteoporosis and fracture.

Endpoints

The primary endpoint was the incidence of esophageal 
stricture at 3 months after ESD. Esophageal stricture was 
defined as the impossibility of passing a standard 9.2-mm 
endoscopy through the lumen [14, 24]. The secondary end-
points included AEs (e.g., infection, hypokalemia, perfora-
tion, hemorrhage, bone fracture, etc.) and the number of 
EBD. AEs were grouped by their relation with operation 
and steroid. Patients undergoing ESD operation with gen-
eral anesthesia may develop complications such as infec-
tion, perforation, hemorrhage, cardiac arrhythmia, and so 
on. After steroid regimens started, some systemic AEs may 
also occur. Those patients who reported infection symp-
toms (such as fever, cough, and trembling), positive signs, 
and supportive laboratory and radiologic evidence (such 
as elevated white blood cells and procalcitonin, and typi-
cal radiologic image of respiratory infection) within 24 h 
after ESD, were diagnosed as post-ESD infection. Once 
infections occurred, antibiotics were applied and steroid 
regimens were launched 48 h or 72 h after the patient’s tem-
perature returned to normal. Hypokalemia was defined as 
blood potassium < 3.5 mmol/L, which was classified into 
operation- or steroid-related hypokalemia based on the 
occurrence time. Oral steroid treatment started after correct-
ing the hypokalemia. Perforation was diagnosed by corre-
sponding symptoms, signs, and CT scan. Treatment-related 

Fig. 2  Both groups received 
tapered oral steroid for 8 weeks. 
A Control group (ETI plus oral 
prednisone group): injection of 
80 mg triamcinolone acetonide 
followed by 8 weeks of oral 
prednisone. B Treatment group 
(OHA group): one unit of OHA 
gel = 20 g aluminum phosphate 
gel + 50/25/12.5 mg hydrocorti-
sone sodium succinate dissolved 
by 2/1/0.5 ml saline. ESD endo-
scopic submucosal dissection, 
ETI endoscopic loco-regional 
triamcinolone injection, OHA 
oral mixture of hydrocortisone 
sodium succinate and aluminum 
phosphate gel
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hemorrhage was diagnosed by hematemesis, melena, and 
hemoglobin decline > 2 g/dL.

Follow‑up

Follow-ups lasted at least 3 months, all of which ended in 
December 2019. Since the majority of esophageal strictures 
after ESD occur within 4 weeks, a 3-month follow-up was 
considered to be sufficient and has been shown to rarely 
lead to underestimation [16, 25]. We conducted a telephone 
follow-up with every participant and their families every 
2 weeks in order to improve medical compliance. All partici-
pants received outpatient follow-up 1 month after ESD, and 
endoscopy followed at 3 months to evaluate the esophageal 
lumen and local residual tumor or recurrence. If suspicious 
lesions were observed, biopsy and lesion resection followed. 
Two specially trained doctors questioned patients about dys-
phagia or other symptoms. After 6 and 12 months, patients 
underwent other endoscopies, and patients who encountered 
dysphagia associated with semisolid foods (Mellow-Pinkas 
score ≥ 2) also received endoscopies. Patients with definite 
esophageal strictures underwent several sessions of EBD 
followed by the OHA regimen until completely relieved.

Statistical analysis

Continuous variables, presented as mean ± SD, were tested 
for normal distribution using the Kolmogorov–Smirnov test 
and were compared by Student’s t test (normal distribution), 
or as median (range) and analyzed using the Mann–Whit-
ney U test (skewed distribution). Categorical variables were 
analyzed using the Pearson chi-square test or the Fisher’s 
exact test. Independent predictive variables were determined 
with univariate and multivariate logistic regression analy-
sis by the method of Forward LR after initial screening by 
chi-square test. A two-sided p value < 0.05 was considered 
statistically significant. Intention-to-treat analysis and per-
protocol analyses were performed. All analyses were con-
ducted using SPSS 19.0 (IBM, Armonk, NY, USA).

Results

Patients

During the study, 66 patients were included in the inten-
tion-to-treat analysis. Three patients were excluded because 
they received additional radiotherapy, or surgical treatment 
for positive vertical margin residue. Post-ESD histopathol-
ogy confirmed that 4.8% (3/63) invaded the middle layer 
of the submucosa; it was unclear whether the vertical mar-
gins were free of tumor residue. They chose to continue 
oral steroid administration and refused further surgery or 

chemo-radiotherapy. Afterwards, no evidence of recurrence 
or metastasis was observed by several endoscopies and CT 
scans after 8, 15, and 24-months follow-ups, respectively. 
Consequently, 63 patients (the control vs. OHA group = 31 
vs. 32) were included in the per-protocol analysis (Fig. 3). 
In Table 1, there was no significant difference between two 
groups regarding demographic and basic clinical character-
istics except delayed application of steroid (the control vs. 
OHA group = 16.1% [5/31] vs. 40.6% [13/32], P = 0.031). 
The delay time was similar in both groups (4.6 vs. 4.9 days, 
P = 0.779).

Outcomes

As shown in Table 2, the stricture incidence of the OHA 
group (per-protocol analysis, 9.4%, 3/32; intention-to-treat 
analysis, 12.1%, 4/33) was significantly less than that of 
the control (per-protocol analysis, 35.5%, 11/31, P = 0.013; 
intention-to-treat analysis, 39.4%, 13/33, P = 0.011). Dys-
phagia of 3 patients from the OHA group was completely 
relieved after a median 2 (range, 2–2) sessions of EBD, and 
11 from the control required a median of 2 (range, 1–4) 

Control group (N=33)  OHA group (N=33)

Surgery (N=1)

Radiotherapy (N=1)
Surgery (N=1)

All participants (N=66)

Randomization

Repeated EBD + OHA

  ETI + Oral 

prednisone (N=31)
 OHA (N=32)

Stricture (-)

(N=20)

Stricture (+)

(N=11)

Stricture (-)

(N=29)

Stricture (+)

(N=3)

Stricture (-)

(N=11)

Stricture (-) 

(N=3)

Repeated EBD + OHA

Analyzed (N=31) Analyzed (N=32)

PP analysis (N=63)

ITT analysis (N=66)

Fig. 3  CONSORT 2010 Flow Diagram. Details on participants’ 
enrollment, randomization, allocation, and follow-up and analysis are 
presented. EBD endoscopic balloon dilation; ETI endoscopic loco-
regional triamcinolone injection; ITT intention-to-treat; OHA oral 
hydrocortisone succinate sodium and aluminum phosphate gel; PP 
per-protocol
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EBDs. All strictures were followed by the OHA regimen 
to prevent restenosis. The characteristics of patients with 
stricture are summarized in Table 3.

In Table 2, AEs were grouped according to relation with 
operation and steroid. Operation-related AEs included infec-
tion (control vs. OHA group = 9.7% vs. 31.3%, P = 0.034), 
operation-related hypokalemia (19.4% vs. 31.3%, P = 0.278), 
perforation (3.2% vs. 3.1%), post-ESD hemorrhage (6.5% vs. 
0%), and cardiac arrhythmia (0% vs. 6.3%). Steroid-related 
AEs included steroid-related hypokalemia (16.1% vs. 25%) 
and bone fracture (3.2% vs. 0%).

In total, 7 cases of severe AEs were reported. One patient 
from the control group encountered esophageal perfora-
tion after minor injury of the annular muscle during ESD. 
Although titanium clips were used in time, subcutaneous 
and mediastinal emphysema occurred within post-ESD 24 h. 

Another one from OHA group also suffered from transient 
atrial fibrillation in addition to perforation. Both patients 
fully recovered after gastrointestinal decompression and 
conservative treatments. One patient of the control group 
complained of tarry stools and was flustered and weak 
on the 10th day after ESD. She was diagnosed with gas-
trointestinal major hemorrhage and quickly controlled by 
conservative treatment of fasting, PPIs, blood transfusion, 
and discontinued administration of oral steroids. Another 
patient of the control group had minor hemorrhage on the 
2nd day and was cured after similar treatments. A 76-year-
old female of the control group countering stricture suffered 
from two instances of spine vertebral compression fractures 
before and after the fourth EBD. A male of OHA group suf-
fered a short burst of ventricular tachycardia and frequent 
premature ventricular contractions during postoperative 

Table 1  Demographic and basic clinical characteristics of patients

OHA oral mixture of hydrocortisone sodium succinate and aluminum phosphate gel, M2 tumor invades laminar propria, M3 tumor involves 
muscularis mucosa, SM1 tumor invades < 200 μm from the muscularis mucosa, SM2/3 tumor invades ≥ 200 μm from the muscularis mucosa, SD 
Standard deviation
† Correction for continuity, ‡Fisher’s exact test. Other variables were tested by Pearson Chi-square test, Student’s t test, and Mann–Whitney U test

Characteristics Total N = 63 Control n = 31 OHA n = 32 P value

Age, years (median [range]) 65 (41–85) 63 (48–84) 67 (41–85) 0.113
Sex, n (%) 0.252
 Male 49 (77.8) 26 (83.9) 23 (71.9)
 Female 14 (22.2) 5 (16.1) 9 (28.1)

Lesion location extent, n (%)
 Upper thoracic esophagus 10 (15.9) 7 (22.6) 3 (9.4) 0.276†

 Middle thoracic esophagus 44 (69.8) 21 (67.7) 23 (71.9) 0.721
 Lower thoracic esophagus 34 (54.0) 14 (45.2) 20 (62.5) 0.167
 Cardiac esophagus 5 (7.9) 1 (3.2) 4 (12.5) 0.371†

Invasion depth 0.772‡

 ≤ M2 40 (63.5) 20 (64.5) 20 (62.5)
 M3, SM1 20 (31.7) 9 (29) 11 (34.4)
 SM2/3 3 (4.8) 2 (6.5) 1 (3.1)

Vertical margin residue, n (%) 3 (4.8) 2 (6.5) 1 (3.1) 0.978†

Circumferential percentage of mucosal defect (%), mean ± SD 88.2 ± 7.7 88.8 ± 7.6 87.7 ± 7.8 0.584
Circumference of mucosal defect 1.000‡

 3/4 to 5/6 19 (30.2) 9 (29) 10 (31.3)
 5/6 to 11/12 23 (36.5) 11 (35.5) 12 (37.5)
 11/12 to 1 9 (14.3) 5 (16.1) 4 (12.5)
 1 12 (19.0) 6 (19.4) 6 (18.8)

Longitudinal length, cm (mean ± SD) 7.6 ± 2.6 7.6 ± 2.6 7.5 ± 2.6 0.979
En bloc resection, n (%) 58 (92.1) 28 (90.3) 30 (93.8) 0.970†

Delayed application of steroid 0.031
 Yes 18 (28.6) 5 (16.1) 13 (40.6)
 No 45 (71.4) 26 (83.9) 19 (59.4)

Delayed days of steroid application, mean ± SD 4.8 ± 2.1 4.6 ± 2.5 4.9 ± 2.0 0.779
Dysphagia occurrence time, week (median [range]) 4 (2–12) 4 (2–12) 8 (4–8) 0.291
Follow-up, month (mean ± SD) 15.5 ± 6.7 15.5 ± 7 15.6 ± 6.5 0.919
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anesthesia recovery; this stopped after intravenous injec-
tion of lidocaine.

No EBD-related complications were observed, and 
no local recurrence or metastasis was observed during 
follow-up.

Risk factors for stricture

Primary analysis of the association between stricture and 
categorical variables showed that several variables may 

be related to stricture, i.e., tumors involving the upper 
thoracic esophagus or not involving the lower thoracic 
esophagus, and the circumference of the mucosal defect 
(Table 4). Multivariate logistic regression analysis dem-
onstrated that OHA was an independent protective factor 
for stricture (OR 0.079; 95%CI 0.011, 0.544; P = 0.01) and 
mucosal defect > 11/12 circumference was an independ-
ent risk factors (OR 49.91; 95%CI 6.7, 37.183; P < 0.001) 
(Table 5).

Table 2  Primary and secondary 
endpoint results

OHA oral mixture of hydrocortisone sodium succinate and aluminum phosphate gel, PP analysis Per-Pro-
tocol analysis, ITT analysis Intention-To-Treat analysis, AE adverse event, ESD endoscopic submucosal 
dissection, EBD endoscopic balloon dilation
† Fisher’s exact test. Other variables were tested by Pearson Chi-square test and Mann–Whitney U test

Total n = 63 Control n = 31 OHA n = 32 P value

Stricture, n (%), PP analysis 14 (22.2) 11 (35.5) 3 (9.4) 0.013
Stricture, n (%), ITT analysis 17 (25.8) 13 (39.4) 4 (12.1) 0.011
Operation-related AE, n (%)
 Infection 13 (20.6) 3 (9.7) 10 (31.3) 0.034
 Operation-related hypokalemia 16 (25.4) 6 (19.4) 10 (31.3) 0.278
 Perforation 2 (3.2) 1 (3.2) 1 (3.1) 1.000†

 Post-ESD hemorrhage 2 (3.2) 2 (6.5) 0 0.238†

 Cardiac arrhythmia 2 (3.2) 0 2 (6.3) 0.492†

Steroid-related AE, n (%)
 Steroid-related hypokalemia 13 (20.6) 5 (16.1) 8 (25) 0.384
 Bone fracture 1 (1.6) 1 (3.2) 0 0.492†

Number of EBD (median [range]) 2 (1–4) 2 (1–4) 2 (2–2) 1.000

Table 3  Characteristics of patients with esophageal stricture post-ESD

EBD endoscopic balloon dilation, SAEs severe adverse events, ETI endoscopic loco-regional triamcinolone injection, OHA oral hydrocortisone 
sodium succinate and aluminum phosphate gel

No. Sex & age Circumferential extent Distance from 
incisors (cm)

Preventing method Delayed 
days of 
steroid

Dysphagia 
occurrence time 
(weeks)

Time of EBD SAEs

1 M/63 11/12–1 25–33 ETI + oral 0 12 1 No
2 M/62 11/12–1 19–30 ETI + oral 7 4 3 Bleeding
3 M/52 1 19–26 ETI + oral 0 3 1 Perforation
4 M/72 1 30–40 ETI + oral 0 12 1 No
5 F/76 11/12–1 18–26 ETI + oral 0 3 4 Fracture
6 M/63 11/12–1 29–34 ETI + oral 0 4 1 No
7 M/61 1 18–24 ETI + oral 0 5 3 No
8 M/48 1 24–35 ETI + oral 0 2 3 No
9 M/65 1 15–22 ETI + oral 4 4 2 No
10 F/60 5/6–11/12 20–24 ETI + oral 0 3 3 No
11 M/70 5/6–11/12 29–35 ETI + oral 0 4 1 No
12 M/41 1 30–42 OHA 3 4 2 No
13 F/63 1 23–30 OHA 7 8 2 No
14 F/67 1 19–27 OHA 0 8 2 No
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Table 4  Univariate predictors of 
esophageal stricture formation 
following extensive ESD

ESD endoscopic submucosal dissection, OHA oral mixture of hydrocortisone sodium succinate and alu-
minum phosphate gel, M2 tumor invades laminar propria, M3 tumor involves muscularis mucosa, NA not 
applicable, SM1 tumor invades < 200  μm from the muscularis mucosa, SM2/3 tumor invades ≥ 200  μm 
from the muscularis mucosa
† Fisher’s exact test. Other variables were tested by Pearson Chi-square test

Characteristics Stricture, n (%) Total stricture, n (%) P

Control n = 31 OHA n = 32

Sex 0.492†

 Male 9 (34.6) 1 (4.3) 10 (20.4)
 Female 2 (40) 2 (22.2) 4 (28.6)

Lesion location extent
 Upper thoracic esophagus 6 (85.7) 1 (33.3) 7 (70) 0.001†

 Middle thoracic esophagus 5 (23.8) 3 (13) 8 (18.2) 0.324†

 Lower thoracic esophagus 2 (14.3) 1 (5) 3 (8.8) 0.007†

 Cardiac esophagus 0 1 (25) 1 (20.0) 1.000†

Invasion depth 0.670†

 ≤ M2 7 (35) 1 (5) 8 (20)
 M3, SM1 3 (33.3) 2 (18.2) 5 (25)
 SM2/3 1 (50) 0 1 (33.3)

Vertical margin residue 1 (50) 0 1 (33.3) 0.536†

Circumference of mucosal defect  < 0.001†

 3/4 to 5/6 0 0 0 (0)
 5/6 to 11/12 2 (18.2) 0 2 (8.7)
 11/12 to 1 4 (80) 0 4 (44.4)
 1 5 (83.3) 3 (50) 8 (66.7)

En bloc resection, n (%) 1.000†

 Yes 10 (35.7) 3 (10) 13 (22.4)
 No 1 (33.3) 0 1 (20)

Delayed application of steroid 1.000†

 Yes 2 (40) 2 (15.4) 4 (22.2)
 No 9 (34.6) 1 (5.3) 10 (22.2)

Table 5  Logistic regression 
analysis between high-risk 
variables and esophageal 
stricture

The entry method was forward LR
OR odds ratio, CI confidence interval, ETI endoscopic loco-regional triamcinolone injection, OHA oral 
hydrocortisone sodium succinate and aluminum phosphate gel

Univariate analysis Multivariate analysis

OR 95%CI P OR 95%CI P

Lesion location extent
 Upper thoracic esophagus 15.33 3.19, 73.62 0.001 – – –
 Lower thoracic esophagus 0.16 0.039, 0.64 0.010 – – –

Circumferential extent of mucosal defect
 3/4 to 11/12 1.00 – – 1.00 – –
 > 11/12 26.67 5.06, 140.59  < 0.001 49.91 6.70, 371.83  < 0.001

Prophylactic methods
 ETI + oral prednisone 1.00 – – 1.00 – –
 OHA 0.19 0.046, 0.761 0.019 0.079 0.011, 0.544 0.01
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Discussion

This is the first randomized controlled trial to test the pro-
tective effect of OHA among patients undergoing > 3/4 
circumferential ESD against esophageal stricture. This 
study demonstrated significantly better efficacy and 
similar safety of OHA in preventing esophageal stricture 
compared to ETI plus oral prednisone. OHA also showed 
benefits in preventing esophageal restenosis and need less 
EBDs for releasing strictures compared with previous 
studies [7, 11, 19, 21].

Although ESD has been the mainstream treatment 
for early esophageal cancer, post-ESD stricture afflicts 
83.3–94.1% of patients with > 3/4 circumferential ESD 
[4, 6]. After formation of the mucosal defect, fibroblasts 
produce collagen fibers which deposit in the granulation 
tissue, resulting in scar and stricture. Animal experiments 
and observations of humans found that the majority of 
esophageal strictures were evident 2–4 weeks after ESD 
[6, 26–28]. Steroids could inhibit the local inflammatory 
response and the maturation of granulation tissue, replace 
spindle-shaped myofibroblasts with stellate SMA-positive 
stromal cells arranged haphazardly, and also delay ulcer 
re-epithelialization for approximately 2 weeks, which was 
related to the delay and disappearance of strictures [29].

The preventive efficacy of current steroid-based 
approaches is unsatisfactory, especially for patients under-
going complete circumferential ESD [16, 21, 30]. Only 
ETI plus oral prednisone for 18 weeks showed a stricture 
incidence of 36.4% (4/11) for patients after complete cir-
cumferential ESD vs. 82% (9/11) for ETI plus oral pred-
nisone for 8-weeks, and 6.2 vs. 19.4 sessions of EBDs 
were required, respectively [31]. In this study, the con-
trol group had a 35.5% stricture rate and reported poor 
efficacy for complete circumferential ESD (stricture rate 
83.3% [5/6]). The reason why stricture incidence of the 
control group was higher than previous studies (35.5% vs. 
29.4%) was that esophageal lesions in the current study 
were larger than that in previous studies, both in terms of 
circumference and longitudinal length [18–21]. However, 
for 5 patients with stricture after complete circumferential 
ESD, only a median of 2 (1, 1, 2, 3, and 3, respectively) 
sessions of EBDs were required to completely relieve 
dysphagia symptom. Our previous study had reported the 
efficiency of OHA gel at preventing restenosis after EBD 
of benign esophageal stricture [32]. Consequently, the 
reduction of required EBDs may attribute to the OHA gel 
following each EBD.

In OHA group, 0% (0/26) in patients with non-complete 
circumferential ESD and 50% (3/6) in patients with com-
plete circumferential ESD reported stricture, which was 
slightly higher than ETI plus oral prednisone for 18 weeks 

[31]. The dysphagia was relieved after only two sessions 
of EBD. OHA is a mixture of aluminum phosphate gel and 
hydrocortisone sodium succinate; the former is a neutral 
buffer, and the main component aluminum phosphate can 
form a strong ion buffer system in an acidic environment. 
The structure of its auxiliary components, agar and pectin, 
mimics natural mucus to act as a barrier and adheres to the 
whole ulcer bed for an extended duration. Aluminum phos-
phate gel could also resist attacks from non-acid reflux. 
Hydrocortisone cream applied for dermatoses indicated 
that topical hydrocortisone can be absorbed from normal 
intact skin and more from broken lesions. Consequently, 
while protecting the local artificial ulcer from repeated 
physicochemical stimulation, OHA creates a local micro-
environment rich in hydrocortisone that inhibits the local 
inflammatory response, reduces the production and depo-
sition of collagen fibers, disrupts the originally arranged 
myofibroblasts, and replaces them with disorderly stromal 
cells, and ultimately avoids esophageal stricture secondary 
to the rapid formation of local scars. Furthermore, hydro-
cortisone can also be absorbed from the digestive tract and 
affect the wound again through the circulation system in a 
manner similar to oral prednisone.

This study also found no strictures when the mucosal 
defect did not exceed 90% circumference, regardless of the 
prophylactic methods. OHA gel promoted the optimal cut-
off value of the mucosal defect percentage for stricture from 
the 90.6% of ETI plus oral prednisone to 97.9%.

In this study, hypokalemia and infection were the two 
most common AEs related with ESD operations. The only 
AEs were related with post-ESD steroid regimens: hypoka-
lemia (control vs. OHA group = 16.1% vs. 25%) and bone 
fracture (3.2% vs. 0%). Hypokalemia was closely related 
to the relatively higher mineralocorticoid activity of hydro-
cortisone, in addition to longer fasting because of infection 
occurrence after ESD. Even though OHA group reported 
significantly higher infection prevalence compared with 
the control, most of them were cured soon after antibiot-
ics treatment. Only 2 patients in each group reported the 
procalcitonin (PCT) values greater than 0.5 ng/ml. In OHA 
group, only 4 patients were definitely diagnosed as lung 
infection, and the remaining 6 patients had symptoms of 
infection and supportive blood test results. However, the evi-
dences of urinary tract, respiratory tract, and digestive tract 
infections were insufficient. We thought that their symptoms 
may be caused by the inflammatory reaction of esophageal 
post-ESD lesions. The lower infection incidence of the con-
trol group could attribute to the anti-inflammation effect of 
local–regional injection of triamcinolone acetonide. Over-
all, due to infection, perforation, and other factors, 40.6% 
(13/32) patients of the OHA group delayed OHA application 
by 4.9 ± 2.0 days, while 16.1% (5/31) of the control group 
delayed by 4.6 ± 2.5 days. 3–7 days was the key period for 
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collagen deposition and fibrosis [33, 34]. Early application 
of steroids after ESD was more helpful to prevent inflamma-
tion and stricture. The fact that OHA group encountered sig-
nificantly more delayed steroid application provided further 
evidence of the efficacy of OHA. In terms of severe AEs, 
the control group reported slightly more than OHA group. 
During the follow-up, there were no new or uncontrolled 
cases of hypertension and diabetes, peptic ulcers, severe 
infection, etc.

The current study has some limitations. First, despite a 
power of 0.825 showing that the sample size was sufficient, 
the sample was still small and from a single center, which 
limits the generalizability of the results. Studies of larger 
sample sizes across multiple centers are needed to define 
the optimal dose, duration, and type of drugs. A sub-analysis 
could have been performed for other findings if there were 
more patients.

In conclusion, OHA showed significantly better efficacy 
than ETI plus oral prednisone (stricture rate 9.4% vs. 35.5%, 
optimal cut-off value 97.9% vs. 90.6%). The circumferential 
extents of the mucosal defect and prophylactic methods were 
independently associated with esophageal stricture.

Acknowledgements We thank all patients and their family members 
as well as all investigators participated in this study. YH conceived and 
designed the study, and completed all the ESD procedures.

Author contributions YZ and XY completed the work of follow-up, 
carried out the initial analysis, and prepared the first draft of manu-
script. YH and HC critically reviewed and revised the manuscript. DN, 
YW, YZ, WY and KL conducted the research and collected the data.

Funding This study is supported by the grant from the Beijing Munici-
pal Science and Technology Project (#A65515-04).

Compliance with ethical standards 

Disclosures Drs. Yiyang Zhang, Xiue Yan, Yong-hui Huang, Dan Nie, 
Yingchun Wang, Hong Chang, Yaopeng Zhang, Wei Yao, and Ke Li 
have no conflicts of interest or financial ties to disclose.

References

 1. Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi 
N, Omata M (2009) Long-term outcomes of endoscopic submu-
cosal dissection for superficial esophageal squamous cell neo-
plasms. Gastrointest Endosc 70:860–866

 2. Lopes CV, Hela M, Pesenti C, Bories E, Caillol F, Monges G, 
Giovannini M (2007) Circumferential endoscopic resection of 
Barrett’s esophagus with high-grade dysplasia or early adenocar-
cinoma. Surg Endosc 21:820–824

 3. Repici A, Hassan C, Carlino A, Pagano N, Zullo A, Rando G, 
Strangio G, Romeo F, Nicita R, Rosati R, Malesci A (2010) Endo-
scopic submucosal dissection in patients with early esophageal 
squamous cell carcinoma: results from a prospective Western 
series. Gastrointest Endosc 71:715–721

 4. Shi Q, Ju H, Yao LQ, Zhou PH, Xu MD, Chen T, Zhou JM, Chen 
TY, Zhong YS (2014) Risk factors for postoperative stricture after 
endoscopic submucosal dissection for superficial esophageal car-
cinoma. Endoscopy 46:640–644

 5. Yoda Y, Yano T, Kaneko K, Tsuruta S, Oono Y, Kojima T, 
Minashi K, Ikematsu H, Ohtsu A (2012) Endoscopic balloon 
dilatation for benign fibrotic strictures after curative nonsurgical 
treatment for esophageal cancer. Surg Endosc 26:2877–2883

 6. Ono S, Fujishiro M, Niimi K, Goto O, Kodashima S, Yamamichi 
N, Omata M (2009) Predictors of postoperative stricture after 
esophageal endoscopic submucosal dissection for superficial 
squamous cell neoplasms. Endoscopy 41:661–665

 7. Takahashi H, Arimura Y, Okahara S, Kodaira J, Hokari K, Tsu-
kagoshi H, Shinomura Y, Hosokawa M (2015) A randomized 
controlled trial of endoscopic steroid injection for prophylaxis 
of esophageal stenoses after extensive endoscopic submucosal 
dissection. BMC Gastroenterol 15:1

 8. Lian JJ, Ma LL, Hu JW, Chen SY, Qin WZ, Xu MD, Zhou PH, 
Yao LQ (2014) Endoscopic balloon dilatation for benign esopha-
geal stricture after endoscopic submucosal dissection for early 
esophageal neoplasms. J Dig Dis 15:224–229

 9. Ezoe Y, Muto M, Horimatsu T, Morita S, Miyamoto S, Mochizuki 
S, Minashi K, Yano T, Ohtsu A, Chiba T (2011) Efficacy of pre-
ventive endoscopic balloon dilation for esophageal stricture after 
endoscopic resection. J Clin Gastroenterol 45:222–227

 10. Takahashi H, Arimura Y, Okahara S, Uchida S, Ishigaki S, Tsuk-
agoshi H, Shinomura Y, Hosokawa M (2011) Risk of perforation 
during dilation for esophageal strictures after endoscopic resec-
tion in patients with early squamous cell carcinoma. Endoscopy 
43:184–189

 11. Sato H, Inoue H, Kobayashi Y, Maselli R, Santi EG, Hayee B, 
Igarashi K, Yoshida A, Ikeda H, Onimaru M, Aoyagi Y, Kudo 
SE (2013) Control of severe strictures after circumferential endo-
scopic submucosal dissection for esophageal carcinoma: oral 
steroid therapy with balloon dilation or balloon dilation alone. 
Gastrointest Endosc 78:250–257

 12. Lua GW, Tang J, Liu F, Li ZS (2016) Prevention of esophageal 
strictures after endoscopic submucosal dissection: a promising 
therapy using carboxymethyl cellulose sheets. Digest Dis Sci 
61:1763–1769

 13. Sakaguchi Y, Tsuji Y, Ono S, Saito I, Kataoka Y, Takahashi Y, 
Nakayama C, Shichijo S, Matsuda R, Minatsuki C, Asada-Hiray-
ama I, Niimi K, Kodashima S, Yamamichi N, Fujishiro M, Koike 
K (2015) Polyglycolic acid sheets with fibrin glue can prevent 
esophageal stricture after endoscopic submucosal dissection. 
Endoscopy 47:336–340

 14. Shi P, Ding X (2018) Progress on the prevention of esophageal 
stricture after endoscopic submucosal dissection. Gastroenterol 
Res Pract 2018:1696849

 15. Saito Y, Tanaka T, Andoh A, Minematsu H, Hata K, Tsujikawa T, 
Nitta N, Murata K, Fujiyama Y (2008) Novel biodegradable stents 
for benign esophageal strictures following endoscopic submucosal 
dissection. Dig Dis Sci 53:330–333

 16. Yamaguchi N, Isomoto H, Nakayama T, Hayashi T, Nishiyama H, 
Ohnita K, Takeshima F, Shikuwa S, Kohno S, Nakao K (2011) 
Usefulness of oral prednisolone in the treatment of esophageal 
stricture after endoscopic submucosal dissection for superfi-
cial esophageal squamous cell carcinoma. Gastrointest Endosc 
73:1115–1121

 17. Hashimoto S, Kobayashi M, Takeuchi M, Sato Y, Narisawa R, 
Aoyagi Y (2011) The efficacy of endoscopic triamcinolone injec-
tion for the prevention of esophageal stricture after endoscopic 
submucosal dissection. Gastrointest Endosc 74:1389–1393

 18. Okamoto K, Matsui S, Watanabe T, Asakuma Y, Komeda Y, 
Okamoto A, Rei I, Kono M, Yamada M, Nagai T, Arizumi T, 
Minaga K, Kamata K, Yamao K, Takenaka M, Sakurai T, Nishida 



412 Surgical Endoscopy (2022) 36:402–412

1 3

N, Kashida H, Chikugo T, Kudo M (2017) Clinical analysis of 
esophageal stricture in patients treated with intralesional triam-
cinolone injection after endoscopic submucosal dissection for 
superficial esophageal cancer. Oncology 93(Suppl 1):9–14

 19. Isomoto H, Yamaguchi N, Nakayama T, Hayashi T, Nishiyama H, 
Ohnita K, Takeshima F, Shikuwa S, Kohno S, Nakao K (2011) 
Management of esophageal stricture after complete circular endo-
scopic submucosal dissection for superficial esophageal squamous 
cell carcinoma. BMC Gastroenterol 11:46

 20. Hanaoka N, Ishihara R, Uedo N, Takeuchi Y, Higashino K, Aka-
saka T, Kanesaka T, Matsuura N, Yamasaki Y, Hamada K, Iishi H 
(2016) Refractory strictures despite steroid injection after esopha-
geal endoscopic resection. Endosc Int Open 4:E354-359

 21. Kadota T, Yano T, Kato T, Imajoh M, Noguchi M, Morimoto H, 
Osera S, Yoda Y, Oono Y, Ikematsu H, Ohtsu A, Kaneko K (2016) 
Prophylactic steroid administration for strictures after endoscopic 
resection of large superficial esophageal squamous cell carcinoma. 
Endosc Int Open 4:E1267–E1274

 22. Abe S, Iyer PG, Oda I, Kanai N, Saito Y (2017) Approaches for 
stricture prevention after esophageal endoscopic resection. Gas-
trointest Endosc 86:779–791

 23. Nie D, Yan X, Huang Y (2019) Efficacy of hydrocortisone sodium 
succinate and aluminum phosphate gel for stricture prevention 
after ≥3/4 circumferential endoscopic submucosal dissection. J 
Int Med Res 48:300060519894122

 24. Oliveira JF, Moura EG, Bernardo WM, Ide E, Cheng S, Sulbaran 
M, Santos CM, Sakai P (2016) Prevention of esophageal stricture 
after endoscopic submucosal dissection: a systematic review and 
meta-analysis. Surg Endosc 30:2779–2791

 25. Chai NL, Feng J, Li LS, Liu SZ, Du C, Zhang Q, Linghu EQ 
(2018) Effect of polyglycolic acid sheet plus esophageal stent 
placement in preventing esophageal stricture after endoscopic 
submucosal dissection in patients with early-stage esophageal 
cancer: a randomized, controlled trial. World J Gastroenterol 
24:1046–1055

 26. Honda M, Hori Y, Nakada A, Uji M, Nishizawa Y, Yamamoto K, 
Kobayashi T, Shimada H, Kida N, Sato T, Nakamura T (2011) 
Use of adipose tissue-derived stromal cells for prevention of 

esophageal stricture after circumferential EMR in a canine model. 
Gastrointest Endosc 73:777–784

 27. Nieponice A, McGrath K, Qureshi I, Beckman EJ, Luketich JD, 
Gilbert TW, Badylak SF (2009) An extracellular matrix scaffold 
for esophageal stricture prevention after circumferential EMR. 
Gastrointest Endosc 69:289–296

 28. Mizuta H, Nishimori I, Kuratani Y, Higashidani Y, Kohsaki T, 
Onishi S (2009) Predictive factors for esophageal stenosis after 
endoscopic submucosal dissection for superficial esophageal can-
cer. Dis Esophagus 22:626–631

 29. Nonaka K, Miyazawa M, Ban S, Aikawa M, Akimoto N, Koyama 
I, Kita H (2013) Different healing process of esophageal large 
mucosal defects by endoscopic mucosal dissection between with 
and without steroid injection in an animal model. BMC Gastro-
enterol 13:72

 30. Wang W, Ma Z (2015) Steroid administration is effective to pre-
vent strictures after endoscopic esophageal submucosal dissec-
tion: a network meta-analysis. Medicine (Baltimore) 94:e1664

 31. Iizuka T, Kikuchi D, Hoteya S, Kaise M (2018) Effectiveness of 
modified oral steroid administration for preventing esophageal 
stricture after entire circumferential endoscopic submucosal dis-
section. Dis Esophagus 31:dox140

 32. Yan X, Nie D, Zhang Y, Chang H, Huang Y (2019) Effective-
ness of an orally administered steroid gel at preventing restenosis 
after endoscopic balloon dilation of benign esophageal stricture. 
Medicine (Baltimore) 98:e14565

 33. Werner S, Grose R (2003) Regulation of wound healing by growth 
factors and cytokines. Physiol Rev 83:835–870

 34. Stuck AE, Minder CE, Frey FJ (1989) Risk of infectious com-
plications in patients taking glucocorticosteroids. Rev Infect Dis 
11:954–963

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Efficacy of oral steroid gel in preventing esophageal stricture after extensive endoscopic submucosal dissection: a randomized controlled trial
	Abstract
	Background and aims 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Study design and participants
	Sample size
	Randomization
	Data collection
	ESD procedure
	Steroid regimens
	Endpoints
	Follow-up
	Statistical analysis

	Results
	Patients
	Outcomes
	Risk factors for stricture

	Discussion
	Acknowledgements 
	References




