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Abstract

Purpose To assess the efficacy and safety of a newly
developed fully covered irradiation stent (FCIS) compared
with a partially covered irradiation stent (PCIS) in patients
with unresectable malignant dysphagia.

Materials and Methods Data of 195 patients [158 (81.0%)
males, median age of 75 years (range 49—89 years)] who
underwent FCIS or PCIS placement for unresectable ma-
lignant dysphagia from January 2012 to November 2017
were retrospectively analyzed. The median follow-up time
was 181 days (range 4-547 days). Outcomes were mea-
sured in terms of recurrent dysphagia (primary), technical
success, clinical success, overall survival, and adverse
events. Recurrent dysphagia was analyzed by Fine—Gray
regression model.

Results The technical success rate was 97.8% (87/89) in
the FCIS group and 99.1% (105/106) in the PCIS group
(P = 0.59). The clinical success rate was 100.0% in both
groups. There was no statistically significant difference in
the recurrent dysphagia rate between the FCIS and PCIS
groups (21.8% vs. 28.6%; P = 0.12). Compared with
PCISs, FCISs were associated with a decrease in tis-
sue/tumor growth rate (11.5% vs. 21.9%; P = 0.01), while
stent migration rates were statistically comparable (11.5%
vS. 5.7%; P = 0.23). The median overall survivals were
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comparable between the FCIS and PCIS groups (164 days
vs. 162 days; P =0.70). A dysphagia score of 4 and
metastasis were risk factors for survival. No significant
differences were observed in the rates of adverse events,
including chest pain, fistula formation, hemorrhage, and
aspiration pneumonia (P > 0.05).

Conclusion For patients with unresectable malignant dys-
phagia, this newly developed FCIS can provide efficacy
and safety comparable to those of a PCIS. Compared with
PCIS, this FCIS is more successful in preventing tis-
sue/tumor growth, with a comparable stent migration rate.

Keywords Dysphagia - Brachytherapy - Self-
expandable metallic stents - Esophageal stenosis

Introduction

Malignant dysphagia is the major symptom of patients with
esophageal or gastric cardia cancer. Surgical resection is
the first-line treatment for early-stage esophageal and
gastric cardia cancers; however, more than 50% of patients
are identified at an advanced stage and are not eligible for
surgery [1]. Patients with unresectable malignant dyspha-
gia should be considered for palliative treatment. Place-
ment of self-expandable metallic stents (SEMSs) and
intraluminal brachytherapy are well-established procedures
for the palliative treatment of malignant dysphagia [2].
SEMS placement provides rapid palliation of dysphagia,
while intraluminal brachytherapy provides a durable effect
on malignant dysphagia [3].
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A partially covered irradiation stent (PCIS) loaded with
iodine-125 (1251) seeds, which combines the advantages of
SEMS placement and intraluminal brachytherapy, has been
clinically used in China [4, 5]. A multicenter randomized
controlled trial (RCT) demonstrated that, compared to a
partially covered SEMS, this PCIS can offer longer relief
of dysphagia and can prolong the survival in patients with
advanced esophageal cancer [6]. However, PCIS placement
did not reduce recurrent dysphagia, which was mainly
caused by tissue/tumor growth. The recurrent dysphagia
rate was up to 28-37% [5, 6] in patients who underwent
PCIS placement, and this rate was similar to those reported
in studies of common partially covered SEMSs (22-40%)
[7-9].

In the past few years, various fully covered SEMSs have
been designed and used in patients with malignant dys-
phagia, especially if they are receiving additional palliative
therapy and require stent removal [10]. Because of the fully
covered flanges, fully covered SEMSs could cause less
tissue/tumor ingrowth than partially covered SEMSs may
cause, with the potential disadvantage of a higher risk of
stent migration [11, 12]. Therefore, it seems logical that a
fully covered irradiation stent (FCIS) with anti-migration
properties would be more favorable in preventing tis-
sue/tumor growth and reducing recurrent dysphagia when
compared with a PCIS.

Recently, a newly developed segmented FCIS loaded
with %I seeds was commercially available and clinically
used in China. To the best of our knowledge, this is the first
study to verify the roles of this newly developed FCIS in
unresectable malignant dysphagia. The aim of this study is
to assess the efficacy (with a particular focus on recurrent
dysphagia) and safety of this FCIS compared with the PCIS
in patients with unresectable malignant dysphagia.

Materials and Methods
Patients

This retrospective study was approved by the institutional
review board of the authors’ center. Electronic medical
records of 210 consecutive patients who underwent FCIS
or PCIS placement for unresectable malignant dysphagia in
the authors’ center from January 2012 to November 2017
were reviewed. The PCIS was used from January 2012 to
April 2016, and the FCIS was used from January 2015 to
November 2017. Patients with a history of previous eso-
phageal stent placement (n = 15) were excluded from this
study. Of the remaining 195 patients, 89 were in the FCIS
group and 106 in the PCIS group. The FCIS and PCIS
groups were balanced in terms of demographic and clinical

characteristics (Table 1). Per-protocol (PP) analysis was
performed in 192 patients (Fig. 1).

Features of Stents

Both PCIS (Nanjing Micro-Tech, Nanjing, China) and the
newly developed FCIS (Nanjing Micro-Tech) were
dumbbell-shaped and constructed of nitinol wires. Both
stents were covered with a silicon membrane, which is
attached by the dipping method. The PCIS has a fully
covered body with uncovered flanges on either end, while
the FCIS has a fully covered body and flanges, with an
extended 5-mm-long silicone layer on both ends. The body
of FCIS is composed of several separate segments con-
nected with 4-5-mm-long nylon wires, making it more
flexible than an entirely braided one. Sheaths (4.8 mm long
and 0.8 mm wide) were attached to the outer surface of the
body. These sheaths can act as anti-migration struts and
carriers of '*I radioactive seeds (CIAE-6711; Chinese
Atomic Energy Science Institution, Beijing, China). The
diameters of the stents are 16/22, 18/24, 20/26 mm (body/
flange) at full expansion. Both stents would slightly fore-
shorten because of their design (Fig. 2).

The tissue penetration of each 1257 seed was 20 mm,
with a half-life of 59.4 days. The seeds were loaded into
the sheaths immediately prior to stent placement. The
number, activity, dose, and distribution of 1251 seeds were
determined according to the treatment planning system
(TPS, University of Beijing Aeronautics and Astronautics,
Beijing, China).

Procedure

The placement of irradiation stents was performed under a
C-arm angiographic unit by two interventional radiologists
(J.-H.G. and G.-Y.Z.) with > 20 years of experience. A
5-F catheter was inserted transorally across the stricture
and into the stomach, and then, iodinated contrast medium
was injected via the catheter to confirm the stricture. A
0.035-inch guidewire (Amplatz Super Stiff; Boston Sci-
entific, Natick, MA, USA) was exchanged through the
catheter. A stent delivery catheter was then passed over the
guidewire, and the stent was deployed on the lesion
(Fig. 3). A stent at least 4 cm longer than the stricture was
chosen to allow for a minimum of 2 cm extension on each
side of the lesion. A balloon catheter (16/60 mm, Maxi LD,
Cordis, Milpitas, CA, USA) was used to dilate the stricture
if necessary.

Follow-Up

Patients were required to undergo routine follow-up every
month for the first 3 months and every 3 months thereafter.
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Table 1 Demographic and

clinical characteristics of
patients

@ Springer

FCIS group (n = 89) PCIS group (n = 106) P value
Age, years 75 (66-80) 72 (65-78) 0.33
Gender 0.44
Male 70 (78.7) 88 (83.0)
Female 19 (21.3) 18 (17.0)
Etiology 0.53
Esophageal cancer 71 (79.8) 84 (79.2)
Gastric cardia cancer 13 (14.6) 18 (17.0)
Lung cancer 5(5.6) 4 (3.8)
Pathology
Squamous cell carcinoma 69 (77.5) 76 (71.7) 0.35
Adenocarcinoma 20 (22.5) 30 (28.3)
Stricture location 0.29
Upper thoracic esophagus 13 (14.6) 7 (6.6)
Middle thoracic esophagus 40 (44.9) 50 (47.2)
Lower thoracic esophagus 20 (22.5) 21 (19.8)
Gastroesophageal junction 11 (12.4) 17 (16.0)
Anastomotic site 5(5.6) 11 (10.4)
Stricture length, cm 5.0 (4.0-6.5) 5.2 (4.0-7.5) 0.13
Dysphagia score before treatment 0.31
3 64 (71.9) 69 (65.1)
4 25 (28.1) 37 (34.9)
ECOG score 0.39
0 6 (6.7) 4 (3.8)
1 26 (29.2) 35 (33.0)
2 46 (51.7) 60 (56.6)
3 11 (12.4) 7 (6.6)
Metastasis 0.83
Yes 23 (25.8) 26 (24.5)
No 66 (74.2) 80 (75.5)
Previous chemoradiation 0.54
Chemotherapy 16 (18.0) 23 (21.7)
Radiotherapy 20 (22.5) 16 (15.1)
Both 20 (22.5) 22 (20.8)
None 33 (37.0) 45 (42.5)
Post-stent chemotherapy 0.37
Yes 6 (6.7) 11 (10.4)
No 83 (93.3) 95 (89.6)
Stent diameter, mm 0.52
16 19 (21.3) 16 (15.1)
18 42 (47.2) 53 (50.0)
20 28 (31.5) 37 (34.9)
Stent length, mm 100 (80-100) 100 (80-100) 0.86
Radioactivity, MBq 444 (444-555) 444 (444-555) 0.75

Data are presented as number (%) or median (IQR)

ECOG Eastern Cooperative Oncology Group, IQR interquartile range, FCIS fully covered irradiation stent,

PCIS partially covered irradiation stent
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Patients with unresectable malignant dysphagia
received PCIS or FCIS placement
From January 2012 to November 2017 (n=210)

Excluded (n =15)

Previous esophageal stent
placement (n=15)

A 4

A 4

9 received PCIS placement
6 received FCIS placement

Total enrolled (n=195)

!

}

FCIS group
Placement of a fully covered
irradiation stent
(n=89)

PCIS group
Placement of a partially covered
irradiation stent

(n=106)

v

A 4

Technical success (n=87)

Technical success (n=105)

\ 4

Lost to follow-up (n=11)

Lost to follow-up (n=32)

v

A 4

A 4

Analyzed (n=87)

Analyzed (n=105)

Fig. 1 Flow diagram of case selection

Fig. 2 Photograph of A the newly developed fully covered irradia-
tion stent and B the partially covered irradiation stent used in this
study

Clinical signs and imaging examinations (esophagography,
CT scan, or endoscopy) were recorded. Patients who were
unable to return for evaluation were followed up by phone.
When dysphagia recurred, esophagography and/or endo-
scopic examination was performed.

Outcomes and Definitions

The primary outcome was recurrent dysphagia, defined as
the recurrence of obstructive symptoms caused by tis-
sue/tumor growth, stent migration, food obstruction, or
stent fracture. Tissue/tumor growth was considered when
soft tissue masses adjoining the stent were found by
imaging examinations. The secondary outcomes included
technical success, clinical success, overall survival, and
adverse events. Technical success was defined as the
placement of the stent in the target position and good
passage of contrast medium through the stent. The dys-
phagia score used in this study was set by Ogilvie et al.
[13]: 0, no dysphagia; 1, some solid diet; 2, semi-solid diet;
3, fluids only; and 4, complete dysphagia. Clinical success
was defined as the relief of dysphagia with a decrease of at
least one point in the dysphagia score within 3 days after
successful stent placement. Adverse events after stent
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Fig. 3 A 72-year-old male underwent fully covered irradiation stent
placement for malignant dysphagia caused by esophageal squamous
cell carcinoma. A Esophagography showed a filling defect at the
middle thoracic esophagus. B The stent delivery catheter, containing a

18 mm x 100 mm fully covered segmented stent loaded with 20 '*°I

placement were evaluated according to Common Termi-
nology Criteria for Adverse Events version 4.03 (CTCAE
v4.03).

Statistical Analysis

Continuous data were analyzed with the independent-
sample ¢ test or the Mann—Whitney U test, and categorical
data were analyzed with the Chi-square test or Fisher’s
exact test. In the analysis of competing risk data, methods
of standard survival analysis can lead to biased results [14].
Therefore, recurrent dysphagia, subdivided into tissue/tu-
mor growth and stent migration, was analyzed by the

Table 2 Patterns of recurrent dysphagia in 192 patients

seeds, was passed over the guidewire and deployed across the
stricture. C The irradiation stent was deployed in the target position.
D Esophagography showed good flexibility of the stent and good
passage of contrast medium through the stent

cumulative incidence function (CIF)-based Fine-Gray
competing risk regression model on the sub-distributional
hazard ratio (SHR) [15]. Death was considered a compet-
ing event when analyzing recurrent dysphagia. Overall
survival was estimated according to the Kaplan—Meier
method and compared using the log-rank test. Predictive
factors for survival were evaluated using the Cox propor-
tional hazards model, and those factors with a P value
of< 0.10 in the univariate analysis were entered into the
subsequent multivariate analysis. A P value < 0.05 was
considered statistically significant. All analyses were per-
formed using STATA 14 (Stata Corp LP, College Station,
TX, USA).

< 3 months < 6 months Total

FCIS group PCIS group P value FCIS group PCIS group P value FCIS group PCIS group P value
Tissue/tumor growth 3334 9 (8.6) 0.14 5(5.7) 17 (16.2) 0.02 10 (11.5) 24 (21.9) 0.04
Ingrowth/overgrowth/both  0/3/0 5/1/3 0/5/0 10/3/4 0/10/0 13/4/7
Stent migration 7 (8.0) 2 (1.9) 0.08* 10 (11.5)° 6 (5.7) 0.15 10 (11.5° 6 (5.7) 0.15
Recurrent dysphagia 10 (11.5) 11 (10.5) 0.82 14 (16.1) 23 (21.9) 0.31 19 (21.8) 30 (28.6) 0.29

Data are presented as number (%)

FCIS fully covered irradiation stent, PCIS partially covered irradiation stent

“Fisher’s exact test was used, while other data were analyzed with Chi-square test

One patient with stent migration had no obvious dysphagia symptoms until his death 31 days later

@ Springer
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Fig. 4 Cumulative incidence of recurrent dysphagia from Fine—Gray
model for stent types. A The cumulative incidence of recurrent
dysphagia was statistically comparable in both groups (SHR 0.63;
95% CI 0.35-1.12; P = 0.12). Compared with the PCIS group, the
FCIS group had B a lower tissue/tumor growth rate (SHR 0.39; 95%
CI 0.19-0.81; P =0.01), and C a comparable stent migration rate
(SHR 1.86; 95% CI 0.68-5.10; P = 0.23). SHR, sub-distributional
hazard ratio; FCIS, fully covered irradiation stent; PCIS, partially
covered irradiation stent

Results
Primary Outcome
Table 2 shows the cumulative rate of recurrent dysphagia

at 3 months, 6 months, and at the time of the last follow-up
in the two groups. The total rates of recurrent dysphagia

were 21.8% for the FCIS group and 28.6% for the PCIS
group, and no significant difference was found between the
groups (SHR 0.63; 95% CI 0.35-1.12; P = 0.12; Fig. 4A).

Compared with the PCIS group, the FCIS group had a
significantly lower tissue/tumor growth rate (11.5% vs.
21.9%; SHR 0.39; 95% CI 0.19-0.81; P = 0.01; Fig. 4B),
and the type of stent was the only independent risk factor
for tissue/tumor growth (Table 3). Tissue/tumor growth
(n =34) was treated by additional SEMS placement
(n = 19), additional irradiation stent placement (n = 11),
nasointestinal tube insertion (n =2), or gastrostomy
(n =2).

Stent migration rates were statistically comparable
between the two groups (11.5% for the FCIS group and
5.7% for the PCIS group; SHR 1.86; 95% CI 0.68-5.10;
P = 0.23; Fig. 4C). One patient with stent migration did
not experience recurrent dysphagia because there were no
obvious dysphagia symptoms until his death 31 days later.
In the FCIS group, 9 of 10 patients (90.0%) underwent
successful stent retrieval, and 1 patient refused stent
removal; in the PCIS group, 5 of 6 patients (83.3%)
underwent successful stent retrieval, and the procedure
failed in 1 patient (P > 0.99). Reinterventions included
SEMS placement (n = 6), irradiation stent placement
(n = 6), nasointestinal tube insertion (n = 2), parenteral
nutrition (n = 1), and follow-up (n = 1). No food obstruc-
tion or stent fracture was found in this study.

Secondary Outcomes

The technical success rate was 97.8% (87/89) in the FCIS
group and 99.1% (105/106) in the PCIS group (P = 0.59).
Three cases of misplacement occurred, and an additional
covered SEMS was deployed to cover the residual stricture.
The matched peripheral dose at the reference point (10 mm
from the stent surface) was approximately 35-45 Gy
(Fig. 5). The clinical success rate was 100.0% in both
groups. The mean dysphagia scores decreased from
3.28 £ 0.45 to 1.13 & 0.63 in the FCIS group and from
335+ 048 to 1.29 £ 0.51 in the PCIS group (each
P < 0.01) within 3 days, and there was no difference in the
variance between the two groups (P = 0.36).

The median follow-up time was 181 days (range
4-534 days) in the FCIS group and 181 days (range
4-547 days) in the PCIS group (P = 0.63). The median
overall survival was 164 days (95% CI 134-194) in the
FCIS group and 162 days (95% CI 134-190) in the PCIS
group (P =0.70; Fig. 6A). Univariate analysis demon-
strated significant association of overall survival with
pathology, dysphagia score before stent placement, ECOG
score, and metastasis. In the multivariate analysis, a dys-
phagia score of 4 before stent placement (HR 1.54; 95% CI
1.07-2.23; P = 0.02; Fig. 6B) and metastasis (HR 3.85;
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Table 3 Univariate analyses

Variables Tissue/tumor growth Stent migration
for tissue/tumor growth and
stent migration in the Fine—Gray SHR  95% CI P value SHR  95% CI P value
regression model
Age, years
<73 1 1
>73 0.97 0.50-1.90 0.94 1.00 0.38-2.64 0.99
Gender
Male 1 1
Female 0.94 0.42-2.07 0.87 0.89 0.25-3.09 0.85
Stricture length, cm
<50 1 1
> 5.0 1.04 0.53-2.04 0.91 1.37 0.50-3.75 0.54
Stricture location
Upper thoracic esophagus 1 1
Middle thoracic esophagus 2.47 0.60-10.07  0.21 2.35 0.29-18.76  0.42
Lower thoracic esophagus 2.44 0.55-10.79  0.24 0.92 0.08-10.25  0.94
Gastroesophageal junction 0.82 0.12-5.59 0.84 1.57 0.14-17.36  0.71
Anastomotic site 1.69 0.25-11.51  0.59 1.55 0.10-24.07  0.76
Dysphagia score before treatment
3 1 1
4 0.59 0.27-1.32 0.20 0.62 0.20-1.92 0.41
Previous chemoradiation
None 1 1
Chemotherapy 0.54 0.20-1.48 0.23 0.46 0.10-2.10 0.31
Radiotherapy 0.70 0.27-1.79 0.46 0.77 0.20-2.96 0.70
Both 0.55 0.22-1.36 0.19 0.59 0.16-2.19 0.43
Post-stenting chemotherapy
No 1 1
Yes 0.87 0.29-2.67 0.81 0.63 0.08-4.73 0.65
Stent type
PCIS 1 1
FCIS 0.39 0.19-0.81 0.01 1.86 0.68-5.10 0.23
Stent diameter, mm
16 1 1
18 2.72 0.82-8.99 0.10 0.54 0.15-1.95 0.35
20 2.77 0.81-9.48 0.10 0.76 0.21-2.73 0.67
Stent length, mm
< 100 1
> 100 1.13 0.58-2.21 0.71 1.09 0.41-2.93 0.87

FCIS fully covered irradiation stent, PCIS partially covered irradiation stent, SHR sub-distributional hazard

ratio

95% CI 2.53-5.85; P < 0.01; Fig. 6C) were jointly
demonstrated as risk factors for survival (Table 4).

Rates of adverse events, including chest pain, fistula
formation, hemorrhage, and aspiration pneumonia, did not
differ between the two groups (Table 5). A total of 31
events of grade > 3 were recorded in 25 patients: 11 were
in the FCIS group and 14 in the PCIS group (12.6% vs.
13.3%; P = 0.89). Chest pain was the most common
adverse event. Seventy-seven patients (40.1%) reported

@ Springer

mild retrosternal discomfort, which was tolerable and
relieved spontaneously within 3 days. For patients who
experienced moderate or severe chest pain, narcotic anal-
gesics were used depending on the severity. All four tra-
cheoesophageal fistulas were treated by the insertion of an
additional covered SEMS. Of the eight patients who suf-
fered grade > 3 hemorrhage, two (one in each group)
survived after blood transfusion, while six (three in each
group) died. Aspiration pneumonia occurred in nine
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Fig. 5 Isodose curves after stent placement
patients, and all of them recovered with medical
intervention.

Discussion

The main goal of stent placement in patients with unre-
sectable malignant dysphagia is to provide rapid and per-
sistent relief of dysphagia. In this study, rapid relief was
achieved comparably in both groups within 3 days after
stent placement. It was hypothesized that the newly
developed FCIS would provide less recurrent dysphagia
than would a PCIS. However, although the recurrent dys-
phagia rate is numerically lower in the FCIS group (21.8%
vs. 28.6%), there was no statistically significant difference
between the FCIS and PCIS groups. This result was driven
by different tissue/tumor growth rates and comparable stent
migration rates.

The newly developed FCIS provided a significantly
lower tissue/tumor growth rate than did the PCIS, which
may be caused by the extended silicone layer at both ends
as well as the design of the segmented stent. Compared
with the straight tubular stent used in the PCIS group, the
segmented stent provides lower axial force, which could
make the stent adapt better to the local esophageal anatomy
and cause less trauma to the esophageal wall [16]. A
similar design of the segmented stent was previously
reported by Shim and his colleagues [17]. However, to
prevent stent fracture, connecting wires between adjacent
segments are added on the basis of their design.

Compared with partially covered SEMSs, fully covered
SEMSs were reported to be associated with a higher risk of
stent migration [11]. In studies on common, commercially
available fully covered SEMSs, the stent migration rate
varied from 5.0 to 20.0% in patients with unre-
sectable malignant dysphagia [7, 18-20]. Concomitant
chemoradiotherapy was also considered to be a risk factor
for stent migration, with a migration rate of 9.6-31.0%
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Fig. 6 Kaplan—-Meier curves for overall survival. A The overall
survival was statistically comparable in both groups (P = 0.70).
Multivariate analysis for Cox model showed that B a dysphagia score
of 4 (HR 1.54; 95% CI 1.07-2.23; P = 0.02) and C metastasis (HR
3.85;95% CI 2.53-5.85; P < 0.01) were risk factors for survival. HR,
hazard ratio; FCIS, fully covered irradiation stent; PCIS, partially
covered irradiation stent

[21-23]. To prevent stent migration, several designs were
applied, including the dumbbell-shaped flanges, the
attached seed sheaths, which act as anti-migration struts,
and the segmented stent, which is beneficial to keep both
stent and seed sheaths in an adequate position in the
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Table 4 Univariate and
multivariate analyses for overall
survival in the Cox regression
model

@ Springer

Variables Univariate analysis Multivariate analysis
HR 95%CI P value HR 95%CI P value

Age, years

<73 1

> 173 1.15 0.83-1.58 0.40
Gender

Male 1

Female 0.82 0.54-1.23 0.33
Stricture length, cm

<50 1

> 5.0 1.03 0.74-1.42 0.87
Etiology

Esophageal cancer 1

Gastric cancer 1.22 0.78-1.91 0.39

Lung cancer 1.20 0.56-2.59 0.64
Pathology

Squamous cell carcinoma 1 1

Adenocarcinoma 1.43 0.99-2.06 0.06 1.24 0.84-1.84 0.28
Stricture location

Upper thoracic esophagus 1

Middle thoracic esophagus 0.98 0.57-1.70 0.95

Lower thoracic esophagus 0.81 0.44-1.48 0.49

Gastroesophageal junction 1.13 0.59-2.17 0.71

Anastomotic site 0.97 0.45-2.10 0.94
Dysphagia score before treatment

3 1 1

4 1.56 1.10-2.22 0.01 1.54 1.07-2.23 0.02
ECOG score

0+1 1 1

2 1.34 0.94-1.92 0.10 1.29 0.90-1.85 0.17

3 222 1.27-3.87 < 0.01 1.62 0.92-2.85 0.10
Metastasis

No 1 1

Yes 3.85 2.56-5.79 < 0.01 3.85 2.53-5.85 < 0.01
Previous chemoradiation

None 1

Chemotherapy 1.43 0.92-2.22 0.11

Radiotherapy 1.27 0.80-2.01 0.31

Both 1.32 0.86-2.04 0.21
Post-stenting chemotherapy

No 1

Yes 0.70 0.40-1.22 0.21
Stent type

PCIS 1

FCIS 1.07 0.77-1.47 0.70

ECOG Eastern Cooperative Oncology Group, FCIS fully covered irradiation stent, PCIS partially covered

irradiation stent, HR hazard ratio
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Table 5 Adverse events after stent placement by severity

Adverse events FCIS group (n = 87) PCIS group (n = 105) P value

All events CTCAE grade All events CTCAE grade
1 2 >3 1 2 >3

Chest pain 52 (59.8) 32 (36.8) 15 (17.2) 5.7 73 (69.5) 45 (42.9) 23 (21.9) 5 (4.8) 0.16*
Fistula formation 1(1.1) 0 0 1.1 329 0 0 329 0.63°
Hemorrhage 21 (24.1) 12 (13.8) 5(.7) 4 (4.6) 20 (19.0) 12 (11.4) 4 (3.8) 4 (3.8) 0.39*
Aspiration pneumonia 4 (4.6) 0 0 4 (4.6) 5 (4.8) 0 0 5 (4.8) > 0.99°

Data are presented as number (%)

FCIS fully covered irradiation stent, PCIS partially covered irradiation stent, CTCAE common terminology criteria for adverse events

4Chi-square test was used

b
Fisher’s exact test was used

esophagus. The stent migration rate was 11.5% in the FCIS
group, which we think is acceptable, although this rate is
numerically higher than that in the PCIS group (5.7%).
Unlike tissue/tumor growth, stent migration could often be
viewed as a positive finding, because it implies that the
patient is responding to brachytherapy. In this study, no
radioactive seed loss, acute gastritis, ulceration, or perfo-
ration was found after stent migration; thus, we believe that
migrated irradiation stents would not cause additional
injury to the patient.

Compared with the conventional partially covered
SEMSs, PCISs prolonged the survival in patients with
unresectable esophageal cancer in a meta-analysis [24]. In
this study, FCISs did not provide a survival advantage over
PCISs. In the multivariate analysis, metastasis and a dys-
phagia score of 4 before stent placement were associated
with poorer survival. Patients with metastasis were in a
more advanced stage, while brachytherapy merely provides
local treatment; thus, it seems logical that their survival
was shorter. A higher dysphagia score was often associated
with greater tumor volume, which may lead to incomplete
elimination of tumor tissue. A higher dysphagia score was
also reported as a risk factor for survival in the study on the
conventional fully covered SEMSs [25].

In this study, we used CTCAE v4.03 to define and
classify adverse events. Compared with other studies on
esophageal stents, higher rates of chest pain and hemor-
rhage were reported in our study. This is because different
criteria were used and more mild cases which did not
require additional intervention were recorded in this study.
Theoretically, a flexible SEMS, such as FCIS, may reduce
trauma-related adverse events, including chest pain, fistula
formation, and hemorrhage, but no significant difference
was observed.

This study had several limitations. First, in this single-
center retrospective study, there were 43 patients lacking

complete follow-up data and no strict guideline on stent
choice; therefore, information bias and selection bias may
exist. Besides, from January 2012 to December 2014, PCIS
was the only option, so there may exist time bias. Further
RCT is therefore required. Second, the quality of life was
not analyzed in our study due to the insufficient data of a
retrospective study. Finally, all stents were placed under
fluoroscopy, and the feasibility of endoscopic placement
warrants further investigation.

In conclusion, for patients with unresectable malignant
dysphagia, this newly developed FCIS can provide com-
parable efficacy and safety to PCIS, but is more successful
in preventing tissue/tumor growth considering a compara-
ble stent migration rate. This sets the preference for the
newly developed FCIS over the conventional PCIS for the
treatment of unresectable malignant dysphagia.
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