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Abstract. The use of self‑expanding metallic stents (SEMS) is 
the current treatment of choice for malignant gastrointestinal 
obstructions. A paclitaxel‑eluting metallic SEMS (PEMS) 
may have an antitumor effect on esophageal tissue. PEMS 
with 10% paclitaxel or conventional SEMS were inserted into 
the lower esophagus of rabbits. Following the insertion of the 
stents for 1, 2, 4 and 6 weeks, the rabbits were sacrificed and 
the status of the stent insertion was examined, as well as any 
macroscopic or microscopic mucosal changes in the esopha-
geal tissue. All the rabbits survived until death without any 
complications. No migration following stent insertion occurred. 
The number of cases with proximal obstruction increased in 
a time‑dependent manner, and no significant difference was 
observed between the two groups. Gross histological examina-
tion showed similar tissue reaction to the stents at 1, 2 and 
4 weeks, and inflammatory cell infiltrating was higher in 
the SEMS group at 1 and 2 weeks. However, inflammatory 
cell infiltration was markedly higher in the PEMS group at 
4 and 6 weeks. Food‑intake and weight were similar in the 
two groups. The results of the present study demonstrated that 
PEMS may serve as a safe alternative treatment strategy for 
esophageal obstruction. Furthermore, PEMS may inhibit the 
tumor growth of the esophageal wall through inflammatory 
infiltration and targeted drug delivery. A tumor model will be 
required in the future for evaluating the prognosis of patients 
with advanced esophageal carcinoma.

Introduction

Esophageal cancer is one of the most common malignances 
worldwide, and is especially prevalent in China and Japan (1,2). 
Patients with esophageal cancer have a poor prognosis due to 
dysphagia (3). Surgery is the only form of treatment that can 
provide a cure for esophageal cancer, although it is suitable 
for less than a third of patients due to late diagnosis, advanced 
progress and tumor metastasis (4). In recent decades, metallic 
stent insertion into the esophagus has been widely used in the 
treatment of esophageal cancer as it is less invasive, prolongs 
survival and improves life quality (5). However, conventional 
stents can only facilitate drainage but have no antitumor 
effect. Furthermore, the side‑effects following stent insertion 
are non‑negligible, and include tumor overgrowth, tumor 
ingrowth and granulation tissue hyperplasia at either end of 
the stent (6).

In recent years, several studies have been carried out on 
the use of drug‑eluting metallic stents for digestive system 
carcinoma, including a 5‑Fu‑eluting stent for esophagal cancer 
and a paclitaxel‑eluting stent for biliary duct and esophagal 
cancers (7,8). The majority of the results demonstrated that 
self‑expanding metallic stents (SEMS) combined with an anti-
tumor drug allowed the targeting of the drug to the wall tissue 
and the maintenance of a controlled treatment dose over long 
periods of time (7,8).

Paclitaxel is as a novel anti‑neoplastic agent currently 
used to treat several types of cancer (9). Paclitaxel has been 
demonstrated to be effective at inhibiting the proliferation 
of human gallbladder epithelial cells, fibroblasts, pancreatic 
adenocarcinoma cells and esophageal cells (10). In addition, 
Jeon et al (10) reported that paclitaxel‑eluting metallic SEMS 
(PEMS) inhibited tissue hyperplasia in the esophagus, and may 
manage refractory benign esophageal stricture (10). Paclitaxel 
exerts its pharmacological effects by binding to β‑tubulin and 
by stabilizing the polymerized microtubules (11). Therefore, 
paclitaxel can be coated on the SEMS in order to provide 
sustained release (12).

In our previous study, an esophageal squamous carcinoma 
was created in rabbits using an endoscopic technique (13). 
In addition, a previous study demonstrated that the in vitro 
sustained release of PEMS with 10% paclitaxel lasted for 
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>40 days, which was sufficient for observing the effect of the 
drug on the rabbit esophagus (14). The aim of the current study 
is to evaluate the safety of PEMS in the rabbit esophagus and 
to investigate the effect of PEMS on esophageal tissue.

Materials and methods

Preparation of PEMSs. The SEMS used in the present study 
(Niti‑S polyurethane‑covered stent; Garson‑Flextent, Jiangsu, 
China) were 16 mm long, 10 mm wide in the middle and 12 mm 
wide at the proximal end of the stent when fully expanded 
and mounted on a 7F stent introducer set custom made by 
Garson‑Flextent. Due to the fact that the average diameter of 
the rabbit esophagus is ~5 mm, a stent with a 12 mm diameter 
flare was considered sufficient to prevent stent migration. The 
PEMS were loaded with 10%  (wt/vol) paclitaxel (Taxol®; 
Jiangsu Hongdoushan Biological Technology Co., Ltd., 
Jiangsu, China) by the State Key Laboratory of Pharmaceutical 
Biotechnology, School of Life Sciences, Nanjing University 
(Nanjing, China). Following the determination of the eluting 
stent indices including release rates and effect on the mucosa, 
PEMSs with 10% paclitaxel was shown to be the most suitable 
choice.

Animal study
Stent placement. All experimental procedures were performed 
in accordance with the National Institutes of Health guide-
lines for humane handling of animals and were approved by 
the Committee on Animal Research at our institution (15). 
Male New Zealand white rabbits (n=48; Jiangsu Academy of 
Agricultural Science, Jiangsu, China), weighing 1.5‑2.0 kg and 
housed in an environment with a 12‑h dark:light cycle at 25˚C 
with free access to food and water, were randomly assigned to 
a PEMS group or a SEMS group (6 rabbits in each group per 
time‑point).

Due to the fact that the rabbit malignant stricture model 
was created recently in our previous study, a normal rabbit 
model  (13,16) was used in the present study. A total of 
48 rabbits with malignant esophageal occlusion were fasted 
for 24 h prior to stent implantation. Each rabbit was anes-
thetized by intraperitoneal injection with 95% pentobarbital 
sodium (35 mg/kg; Sigma‑Aldrich, St. Louis, MO, USA). Each 
rabbit was then placed in the left lateral position. A SEMS or 
PEMS was introduced into the esophagus using the 7F stent 
introducer set. Prior to the placement of the introducer at the 
correct site, 1‑2 ml contrast medium (Iohexol; GE Healthcare 
Life Sciences, Chalfont, UK) was injected into the esophagus 
in order to confirm the accurate position of the stent. The 
stent was then deployed in the lower esophagus. All endo-
scopic procedures were performed by two well‑experienced 
endoscopists.

Follow‑up and postmortem examination. Following endo-
scopic stent placement, the animals were fasted for a further 
24 h prior to reintroduction of their usual diet. During the 
follow‑up, food‑intake and weight were monitored. On the 
1st, 2nd, 4th and 6th week following stent insertion, 6 rabbits 
in each group were sacrificed by intravascular air embolism. 
The esophagus was excised and examined grossly. Images 
were captured in order to examine the status of the proximal 

esophageal obstruction due to inflammation hyperplasia. 
Each stent was gently removed from the esophagus, and 
the esophagus was then incised longitudinally. Esophageal 
wall hyperemia and proximal obstruction was evaluated. 
Hyperemia was graded as follows:  0,  hyperemia absent; 
1, hyperemia present. Proximal obstruction was graded as 
follows: 0, normal; 1,  stricture; 2,  obstruction. Following 
gross tissue evaluation, the lesion tissue samples were 
fixed in 10% formalin or stored at ‑80˚C. Tissue samples 
[paclitaxel‑covered segment and proximal uncovered stented 
segment (the part of the stent without the membrane)] 
were stained with hematoxylin and eosin (Wuhan Boster 
Biological Technology, Ltd., Wuhan, China) and examined 
by an experienced gastrointestinal pathologist using a CX23 
Microscope (Olympus Corporation, Tokyo, Japan). Weight, 
food‑intake, stent migration hyperemia and proximal obstruc-
tion were also recorded.

A single pathologist evaluated the status of the proximal 
uncovered stented segment, the thickness of the epithelial layer 
and submucosal inflammatory cell infiltration. Thickening of 
the epithelial layer was defined as the distance between the 
tissue protruding into the lumen and the lower portion of the 
submucosa. The thickened epithelial layer was defined as 
follows: 0, normal; 1, mild; 2, severe. The degree of submucosal 
inflammatory cell infiltration was graded as follows: 0, none; 
1, mild (scattered inflammatory cells); 2, moderate (inflamma-
tory cell infiltration in ~half of a microscopic field); 3, severe 
(inflammatory cells infiltration in the majority or all of the 
microscopic field) (17).

Two endoscopists performed the stent insertion and 
recorded which stent (SEMS or PEMS) was inserted. 
Subsequently, a pathologist blinded to the type of stent inserted 
examined the tissue samples both grossly and microscopically.

Statistical analysis. The data are expressed as means ± stan-
dard error of the mean. Continuous variables were compared 
by unpaired Student t‑test including food‑intake following 
stent implantation, weight at the time of sacrifice, proximal 
esophageal obstruction, tissue hyperemia, thickness of each 
epithelial layer, and submucosal inflammatory cell infiltration. 
One‑way analysis of variance and Fisher's exact test were used 
to analyze hyperemia, degree of proximal obstruction, thick-
ness of the epithelial layer and degree of inflammatory cell 
infiltration in the SEMS and PEMS groups. SPSS version 13.0 
software (SPSS Inc., Chicago, IL, USA) was used for all statis-
tical analyses. P<0.05 was considered to indicate a statistically 
significant result.

Results

Stent placement and follow‑up. The 48 rabbits were anesthe-
tized and the stents were placed into their esophagus. All rabbits 
survived the procedure. There were no procedure‑associated 
complications such as abdominal infection or pneumonia. All 
the stents were in situ and no migration occurred following 
stent insertion in any of the rabbits. Following insertion of 
the stents for 1, 2, 4 and 6 weeks, 6 rabbits were sacrificed 
in each group and gross and microscopic examination of the 
esophageal tissue was performed. The weight and food‑intake 
was similar in the two groups.
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Gross and microscopic findings. The middle and lower part 
of the esophagus was excised from the body. Gross inspec-
tion of the excised tissue specimens revealed no perforation or 

bleeding in any of the rabbits. No adhesion was found between 
the esophagus and surrounding organs. The esophagus was 
then incised longitudinally. At 1 week following stent insertion, 

Table II. Characteristics of the 12 rabbits sacrificed 2 weeks following stent insertion.

	 Microscopic findings
	 Gross findings	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Thickness of	 Degree of
	 Weight	 Food‑intake	 	 	 Proximal	 epithelial	 inflammatory cell
Rabbit	 (kg)	 (g)	 Migration	 Hyperemia	 obstruction	 layer 	 infiltration

SEMS 1	 2.40	 150	 0	 1	 1	 1	 2
SEMS 2	 2.29	 170	 0	 0	 0	 0	 2
SEMS 3	 2.60	 200	 0	 0	 1	 1	 3
SEMS 4	 2.55	 180	 0	 1	 1	 0	 3
SEMS 5	 2.04	 200	 0	 0	 0	 0	 2
SEMS 6	 2.59	 200	 0	 0	 0	 1	 2
PEMS 1	 2.44	 160	 0	 1	 0	 1	 2
PEMS 2	 2.38	 180	 0	 1	 1	 1	 1
PEMS 3	 2.09	 160	 0	 1	 0	 1	 2
PEMS 4	 2.32	 180	 0	 0	 1	 0	 1
PEMS 5	 2.20	 180	 0	 1	 1	 0	 2
PEMS 6	 2.06	 200	 0	 1	 1	 0	 2
P‑value	 0.17	 0.54	 1	 0.09	 1	 1	 0.04

PEMS vs. SEMS. Migration scores: 0, migration absent; 1, migration present. Hyperemia scores: 0, hyperemia absent; 1, hyperemia present. 
Proximal obstruction scores: 0, normal; 1, stricture. Thickness of the epithelial layer scores: 0, normal; 1, mild. Degree of inflammatory cell 
infiltration: 1, mild; 2, moderate; 3, severe. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting metallic SEMS.
  

Table I. Characteristics of the 12 rabbits sacrificed 1 week following stent insertion.

		  Microscopic findings
	 Gross findings	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Thickness of	 Degree of
	 Weight	 Food‑intake			   Proximal	 epithelial	 inflammatory cell
Rabbit	 (kg)	 (g)	 Migration	 Hyperemia	 obstruction	 layer 	 infiltration

SEMS 1	 1.98	 150	 0	 1	 0	 1	 3
SEMS 2	 2.03	 180	 0	 0	 0	 1	 2
SEMS 3	 1.88	 120	 0	 1	 0	 1	 3
SEMS 4	 2.10	 130	 0	 1	 0	 0	 3
SEMS 5	 1.95	 180	 0	 1	 0	 0	 2
SEMS 6	 2.20	 200	 0	 0	 0	 0	 3
PEMS 1	 1.90	 130	 0	 1	 0	 1	 2
PEMS 2	 1.79	 180	 0	 1	 0	 1	 1
PEMS 3	 2.01	 200	 0	 1	 0	 0	 1
PEMS 4	 1.85	 150	 0	 1	 0	 1	 1
PEMS 5	 1.90	 110	 0	 0	 0	 1	 2
PEMS 6	 1.86	 200	 0	 1	 0	 1	 1
P‑value	 0.03	 0.94	 1	 1	 1	 0.26	 <0.01

PEMS vs. SEMS. Migration scores: 0, migration absent; 1, migration present. Hyperemia scores: 0, hyperemia absent; 1, hyperemia present. 
Proximal obstruction scores: 0, normal; 1, stricture. Thickness of the epithelial layer scores: 0, normal; 1, mild. Degree of inflammatory cell 
infiltration: 1, mild; 2, moderate; 3, severe. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting metallic SEMS.
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4 and 5 rabbits with hyperemia were identified in the SEMS 
and PEMS group, respectively, although this difference was 
not significant (P>0.05), and no proximal obstruction at either 

end of the stent occurred in either groups. Epithelial thickness 
mildly increased in 3 and 5 rabbits in the SEMS and PEMS 
groups, respectively (P>0.05). However, inflammatory cell 

Table IV. Characteristics of the 12 rabbits sacrificed 6 weeks following stent insertion.

		  Microscopic findings
	 Gross findings	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Thickness of	 Degree of
	 Weight	 Food‑intake			   Proximal	 epithelial	 inflammatory
Rabbit	 (kg)	 (g)	 Migration	 Hyperemia	 obstruction	 layer (µm)	 cell infiltration

SEMS 1	 2.49	 180	 0	 0	 1	 2	 1
SEMS 2	 2.52	 180	 0	 0	 1	 2	 1
SEMS 3	 2.83	 170	 0	 0	 1	 2	 0
SEMS 4	 2.94	 180	 0	 0	 0	 1	 0
SEMS 5	 2.78	 180	 0	 0	 1	 2	 1
SEMS 6	 2.80	 170	 0	 0	 1	 2	 0
PEMS 1	 2.74	 200	 0	 0	 1	 1	 2
PEMS 2	 2.99	 180	 0	 1	 1	 0	 2
PEMS 3	 2.75	 190	 0	 1	 1	 2	 3
PEMS 4	 2.67	 180	 0	 1	 0	 1	 2
PEMS 5	 2.93	 170	 0	 0	 1	 1	 1
PEMS 6	 2.77	 180	 0	 0	 1	 1	 3
P‑value	 0.38	 0.19	 1	 0.04	 1	 0.02	 <0.01

PEMS vs. SEMS. Migration scores: 0, migration absent; 1, migration present. Hyperemia scores: 0, hyperemia absent; 1, hyperemia present. 
Proximal obstruction scores: 0, normal; 1, stricture. Thickness of the epithelial layer scores: 0, normal; 1, mild; 2, severe. Degree of inflamma-
tory cell infiltration: 0, none; 1, mild; 2, moderate; 3, severe. SEMS, self‑expanding metallic stent; PEMS, Paclitaxel‑eluting metallic SEMS.
  

Table III. Characteristics of the 12 rabbits sacrificed 4 weeks following stent insertion.

		  Microscopic findings
	 Gross findings	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Thickness of	 Degree of
	 Weight	 Food‑intake			   Proximal	 epithelial	 inflammatory
Rabbit	 (kg)	 (g)	 Migration	 Hyperemia	 obstruction	 layer 	 cell infiltration

SEMS 1	 2.57	 200	 0	 0	 1	 2	 1
SEMS 2	 2.39	 190	 0	 1	 1	 2	 2
SEMS 3	 2.80	 200	 0	 0	 1	 1	 1
SEMS 4	 2.75	 180	 0	 0	 0	 2	 2
SEMS 5	 2.34	 180	 0	 0	 0	 2	 1
SEMS 6	 2.70	 200	 0	 0	 1	 1	 2
PEMS 1	 2.87	 200	 0	 1	 0	 1	 3
PEMS 2	 3.02	 180	 0	 0	 0	 1	 2
PEMS 3	 2.31	 170	 0	 1	 0	 0	 3
PEMS 4	 2.29	 150	 0	 1	 1	 0	 3
PEMS 5	 2.40	 180	 0	 0	 1	 2	 2
PEMS 6	 2.23	 200	 0	 1	 1	 0	 3
P‑value	 0.66	 0.21	 1	 0.09	 1	 0.03	 <0.01

PEMS vs. SEMS. Migration scores: 0, migration absent; 1, migration present. Hyperemia scores: 0, hyperemia absent; 1, hyperemia present. 
Proximal obstruction scores: 0, normal; 1, stricture. Thickness of the epithelial layer scores: 0, normal; 1, mild; 2, severe. Degree of inflamma-
tory cell infiltration: 1, mild; 2, moderate; 3, severe. SEMS, self‑expanding metallic stent; PEMS, Paclitaxel‑eluting metallic SEMS.
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infiltration was determined to be significantly more severe in 
the SEMS group, as compared with the PEMS group (P<0.05). 
At 2  weeks following stent insertion, proximal stricture 
occurred (Table I) in 3 rabbits in the SEMS group and 4 rabbits 
in the PEMS group, although this difference was not statistically 
significant (P>0.05). Mucosal hyperemia occurred in 2 rabbits 
in the SEMS group, and 5 rabbits in the PEMS group (P>0.05). 
There was no statistically significant difference in the thickness 
of the epithelia in the two groups (P>0.05). Inflammatory cell 
infiltration remained severe in the SEMS group and increased 
in the PEMS group (P<0.05). At 4 weeks following stent inser-
tion, mucosal hyperemia occurred in 1 rabbit in the SEMS 
group and 4 rabbits in the PEMS group (Table II), although this 
difference was not statistically significant (P>0.05). Proximal 
stricture occurred in 4 rabbits in the SEMS group and 3 rabbits 
in the PEMS group (P>0.05). Epithelial thickness in the 
SEMS group was significantly higher, as compared with the 
PEMS group (P<0.05). Inflammatory cell infiltration started 
to decrease in the SEMS group, but increased in the PEMS 
group (P<0.05). At 6 weeks following stent insertion, stricture 

occurred in the majority of the animals, but no obstruction was 
observed (Table III, Fig 1A and B); the amount of stricture was 
not significantly different between the SEMS and the PEMS 
group (P>0.05). No hyperemia was observed in the rabbits of 
the SEMS group, although 3 rabbits in PEMS group exhibited 
hyperemia (P<0.05). Epithelial thickness was significantly 
increased in the SEMS group, as compared with the PEMS group 
(P<0.05). Inflammatory cell infiltration was rarely observed 
in the SEMS group but remained severe in the PEMS group 
(P<0.05)(Table IV; Fig. 2A and B). The data was compared 
among different time points in the two groups. In the SEMS 
group, mucosal hyperemia and inflammatory cell infiltration 
decreased over time, and proximal stricture and thickness of 
the epithelia increased with the time (Fig. 3A‑D). Conversely, in 
the PEMS group, mucosal hyperemia decreased over time, and 
proximal stricture, thickness of the epithelia and inflammatory 
cell infiltration increased over time (Fig 4A and B)

Discussion

Esophageal carcinoma is the 6th leading cause of  
cancer‑associated mortality and the 8th most common cancer 

Figure 1. Gross examination of the excised esophagus. (A) The esophagus 
excised 4 weeks following stent insertion in the SEMS group and (B) PEMS 
group. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting 
metallic SEMS.

Figure 2. Microscopic examination of the esophagus stained with hema-
toxylin and eosin following stent insertion for 6 weeks (magnification, x400). 
(A) In the SEMS group, the esophageal wall exhibits a thick epithelial layer 
with mild inflammatory cell infiltration. (B) In the PEMS group, the esopha-
geal wall exhibits a thick epithelial layer with severe inflammatory cell 
infiltration. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting 
metallic SEMS.

  A

  B

  A

  B
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Figure 3. Hyperemia, degree of proximal obstruction, thickness of the epithelial layer and degree of inflammatory cell infiltration 1, 2, 4 and 6 weeks following 
stent insertion. (A) At 1 week, 4 and 5 rabbits exhibited hyperemia in the SEMS and PEMS group, respectively, and no proximal obstruction at either end of 
the stent occurred in either of the two groups. Epithelial thickness increased in 3 rabbits in the SEMS group and 5 rabbits in the PEMS group. Inflammatory 
cell infiltration was significantly higher in the SEMS group compared with the PEMS group. (B) At 2 weeks, mucosal hyperemia occurred in 2 rabbits in the 
SEMS group and 5 rabbits in the PEMS group. Proximal stricture occurred in 3 rabbits in the SEMS group and 4 rabbits in the PEMS group. The thickness 
of the epithelia was similar in both groups. Inflammatory cell infiltration was significantly higher in the SEMS group compared with the PEMS group. (C) At 
4 weeks, mucosal hyperemia occurred in 1 rabbit and 4 rabbits in the SEMS and PEMS groups, respectively. Proximal stricture occurred in 4 rabbits in the 
SEMS group and 3 rabbits in the PEMS group. Epithelial thickness in the SEMS group was significantly higher compared with the PEMS group. Inflammatory 
cell infiltration was significantly lower in the SEMS group compared with the PEMS group. (D) At 6 weeks, stricture had occurred in the majority of the rabbits 
although no obstruction was observed. No hyperemia was observed in the SEMS group, and conversely 3 rabbits exhibited hyperemia in the PEMS group. 
Epithelial thickness was significantly higher in the SEMS group compared with the PEMS group. Inflammatory cell infiltration was significantly lower in the 
SEMS group compared with the PEMS group. **P<0.05, vs. the PEMS group. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting metallic SEMS.

  A

  C

  B

  D
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worldwide (18,19). Early resection of the cancer leads to a good 
prognosis (19). However, over half of patients with esopha-
geal cancer are not eligible for surgical resection. Therefore, 
treatment of advanced esophageal carcinoma remains 
challenging (20). In recent decades, stent deployment in the 
esophagus has been widely used as a palliative therapy which 
reduces tumor ingrowth and facilitates drainage. The SEMS is 
easily inserted and provides adequate drainage in the esoph-
agus. Furthermore, PEMS has the potential to inhibit tumor 
growth and some positive results have been published (14,17).

In 2005, Lee et al (21) reported on the effect of PEMS 
on normal porcine bile ducts. The results demonstrated 
that treatment with PEMS resulted in epithelial denudation, 
mucin hypersecretion and epithelial metaplasia, which led 
to the hypothesis that PEMS may have anti‑tumor effects on 

malignant biliary stricture in humans (21). In 2009, another 
study was performed on dogs which demonstrated that the 
epithelial layers were thicker in the PEMS group compared 
with the control group, and revealed that the local delivery of 
paclitaxel resulted in marked histological changes that may 
be associated with an antitumor effect  (17). Furthermore, 
two small retrospective clinical studies on the use of PEMS 
for malignant biliary stricture reported controversial results, 
indicating that paclitaxel was unable to inhibit tumor growth 
and prolong survival‑time in humans  (22,23). Conversely, 
Guo et al (24) revealed that Fu‑eluting stents had prolonged 
release patterns and retained good integrity and stability 
following stent deployment. The 5‑Fu concentration in 
stent‑adjacent tissue was markedly higher compared with that 
found in the serum or liver (19).

Figure 4. Hyperemia, degree of proximal obstruction, thickness of the epithelial layer and degree of inflammatory cell infiltration in the SEMS and PEMS groups. 
(A) In the SEMS group, mucosal hyperemia and inflammatory cell infiltration decreased over time. Conversely, proximal stricture and thickness of the epithelia 
increased with the time. (B) In the PEMS group, mucosal hyperemia decreased over time. Conversely, proximal stricture, thickness of the epithelia and inflamma-
tory cell infiltration increased over time. **P<0.05, vs. the PEMS group. SEMS, self‑expanding metallic stents; PEMS, Paclitaxel‑eluting metallic SEMS.

  A

  B
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We propose that paclitaxel may also have anti‑tumor 
effects on squamous esophageal carcinoma. Large‑sized 
animal models were widely used in previous studies for stent 
research  (14,17). However, these models were not usually 
conducted under disease conditions, and the animals were too 
large to be operated on and followed up. Furthermore, studies 
conducted on small animals, such as mice, used immunode-
ficient animals, and did not allow for stent deployment with 
an endoscope (14,17,21,22). Therefore, in present study rabbits 
were selected as an animal model, as they are sufficiently large 
to allow for the oral insertion of an ultra‑slim endoscope and 
stent introducer set (25,26).

The results presented herein revealed the safety of PEMS 
and SEMS in the rabbit model. No major complications, 
including massive bleeding, perforation or fatal infection 
were observed. Conversely to previous studies  (27,28), no 
migration of the stents were observed in the present study. 
This may be due to the fact that stents with larger diameters 
were used, which enhanced the radical focus of the esophagus. 
The rabbit weight and food‑intake was normal following stent 
deployment, which demonstrated that the stent did not affect 
the rabbits.

Following the insertion of the stent in the rabbit esophagus, 
both PEMS and SEMS were demonstrated to cause tissue 
hyperemia, proximal obstruction, thickening of the epithelial 
layer and inflammatory cell infiltrating. In the 1st, 2nd and 
4th week, hyperemia was similar both the SEMS and PEMS 
groups. However, in the 6th week, hyperemia was more marked 
in the PEMS group, as compared with the SEMS group. 
Hyperemia was marked in the 1st and 2nd week in the SEMS 
group but then decreased in subsequent weeks. Conversely, 
hyperemia was low in the 1st and 2nd week in the PEMS 
group but then increased in the following weeks. This may 
be due to the fact that paclitaxel had the effect of promoting 
inflammation thereby causing persistent tissue hyperemia. 
In the 1st week no proximal obstruction of the uncovered 
stent segments was observed in either group, although in the 
following weeks stricture was noted in both groups. However, 
there was no significant difference between the two groups. 
The proximal obstruction of the proximal uncovered stent 
is associated with mechanical stimulation between the stent 
and esophageal mucosa and tissue overgrowth. Following 
microscopic observation, it was apparent that the thickness 
of the epithelia was similar in the SEMS and PEMS groups 
in the 1st and 2nd weeks, although by 4 weeks the epithelial 
thickness was significantly different. In the 4th and 6th week, 
the epithelial layer was markedly thicker in the SEMS group 
compared with the PEMS group. Mavi et al (29) reported that 
inflammation promotes the growth of esophageal epithelia 
and fiber hyperplasia. However, the results of the present study 
were not concordant with those of previous reports (17,21). The 
mechanism underlying the association between inflammation 
and the epithelia merits further study. Inflammatory cell infil-
tration was markedly high in the SEMS group in the 1st and 
2nd week, and decreased over the following weeks. Conversely, 
inflammatory cell infiltration was low in the PEMS group at 
the 1st and 2nd week, and increased in the 4th and 6th week. 
The inflammatory cell infiltration was different at different 
time points in the PEMS group. We think the reason for the 
change of inflammatory cell infiltration was the same as that 

of hyperemia. Notably, persistent inflammatory cell infiltra-
tion in the PEMS group also revealed the sustained release of 
paclitaxel at 6 weeks. The PEMS may inhibit tumor growth 
through the sustained released of paclitaxel, which exhibits 
anti‑tumor effects and activates inflammation.

The limitations of the present study included the fact that 
the experiments were carried out on normal rabbit esophagus, 
and results obtained from a rabbit model may not generalize 
to the effect of PEMS in human patients with esophageal 
carcinoma. In addition, the mechanism underlying the effects 
of sustained released of paclitaxel on normal esophageal and 
cancerous cells requires further study.

In conclusion, endoscopic stent insertion into rabbit esoph-
agus is safe and easily carried out. PEMS exhibited a steady 
release pattern of paclitaxel and may provide an alternative tool 
in the management of human esophageal squamous carcinoma.
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