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ABSTRACT

Objective Stenting is an established endoscopic therapy
for malignant gastric outlet obstruction (mGOO). The choice
of stent (covered vs uncovered) has been examined in prior
randomised studies without clear results.

Design In a multicentre randomised prospective study, we
compared covered (CSEMS) with uncovered self-expandable
metal stents (UCSEMS) in patients with mGOO; main
outcomes were stent dysfunction and patient survival, with
subgroup analyses of patients with extrinsic and intrinsic
tumours.

Results Overall survival was poor with no difference
between groups (probability at 3 months 49.7% for covered
vs 48.4% for uncovered stents; log-rank for overall survival
p=0.26). Within that setting of short survival, the proportion
of stent dysfunction was significantly higher for uncovered
stents (35.2% vs 23.4%, p=0.01) with significantly shorter
time to stent dysfunction. This was mainly relevant for
patients with extrinsic tumours (stent dysfunction rates for
uncovered stents 35.6% vs 17.5%, p<0.01). Subgrouping
was also relevant with respect to tumour ingrowth (lower
with covered stents for intrinsic tumours; 1.6% vs 27.7%,
p<0.01) and stent migration (higher with covered stents for
extrinsic tumours: 15.3% vs 2.5%, p<0.01).

Conclusions Due to poor patient survival, minor differences
between covered and uncovered stents may be less relevant
even if statistically significant; however, subgroup analysis
would suggest to use covered stents for intrinsic and
uncovered stents for extrinsic malignancies.

INTRODUCTION

Malignant gastric outlet obstruction (mGOO)
can occur late in patients with upper digestive
and pancreatobiliary cancer. Endoscopic gastro-
duodenal stent (GDS) deployment or surgical

gastrojejunostomy plays an important role in main-
taining a long oral intake duration. Endoscopic
GDS deployment for mGOO has recently become
more common, effective, safer and less expensive
than gastrojejunostomy.’™ While GDS deployment
has excellent technical and clinical success, stent
dysfunction (SD) and other adverse events may
occur depending on whether an uncovered self-
expandable metal stent (UCSEMS) or covered self-
expandable metal stent (CSEMS) is used. The main
cause of UCSEMS dysfunction is stent ingrowth,
and the CSEMS was developed to prevent stent
ingrowth. The CSEMS is associated with a lower
occlusion risk but higher migration risk according
to a systematic review and meta-analysis.’” The
cause of CSEMS migration is the presence of the
stent cover. Additionally, the mechanism of stent
migration may differ depending on whether the
main tumour is extrinsic or intrinsic. Pancreatic
and gallbladder cancers compress the digestive
tract extrinsically. Conversely, gastric and duodenal
cancers arising from the epithelial cells of the diges-
tive tract wall cause stenosis intrinsically.

A CSEMS with a large uncovered flare at the
proximal end was recently developed to prevent
CSEMS migration. In this multicentre randomised
trial, we compared this novel CSEMS with a large
uncovered flare versus the UCSEMS in terms of
SD. Comparisons were made among all patients
with mGOO and those with extrinsic and intrinsic
tumours separately.

MATERIALS AND METHODS

Patients

Consecutive patients who had symptomatic nGOO
with unresectable malignant tumours requiring
placement of a SEMS were enrolled. The inclusion

1244 E

Yamao K, et al. Gut 2021;70:1244-1252. doi:10.1136/gutjnl-2020-320775

BM)

"y6uAdoo Aq paroaroad 1senb Aq 120z ‘2T udy uo jwoo fwg-inby.duy woly papeojumoq ‘0Z0Z JBGWSAON ZZ U G/ /0Z€-0202-uinB/ogTT 0T se paysiignd is1y N9


http://www.bsg.org.uk/
http://gut.bmj.com/
http://orcid.org/0000-0001-6885-9223
http://orcid.org/0000-0003-2916-6568
http://orcid.org/0000-0002-4108-5894
http://crossmark.crossref.org/dialog/?doi=10.1136/gutjnl-2020-320775&domain=pdf&date_stamp=2021-05-21
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/
http://gut.bmj.com/

Significance of this study

What is already known on this subject?

» The main cause of uncovered self-expandable metal stent
(UCSEMS) dysfunction is stent ingrowth, while the main
cause of covered self-expandable metal stent (CSEMS)
dysfunction is stent migration.

» Many studies have assessed the clinical results between
patients with a CSEMS and UCSEMS, but the final choice
between the two types of self-expandable metal stent
(SEMS) remains unclear.

What are the new findings?

» No difference in the proportion of stent ingrowth between
the two groups was found for patients with extrinsic
tumours; however, this stent ingrowth was significantly lower
among patients with intrinsic tumours in the CSEMS group
than the UCSEMS group.

» The proportion of stent migration among patients with
extrinsic tumours was significantly higher in the CSEMS
group than the UCSEMS group.

» The main message, however, is that the life span of patients
with this disease is rather short; therefore, subgrouping may
help to stratify these patients.

How might it impact on clinical practice in the foreseeable

future?

» A UCSEMS may be used among patients with malignant
gastric outlet obstruction, particularly those with extrinsic
tumours, because a lower proportion of stent dysfunction is
expected.

criteria were as follows: (1) obstruction-related symptoms,
including vomiting and ingestion of only liquid or no oral intake,
(2) performance status of 0-2 and (3) unresectable malignant
obstruction confirmed by preceding endoscopy and histology.
The exclusion criteria were as follows: (1) another obstruction
at the anal side of the intestine confirmed by preceding enterog-
raphy, (2) disturbance of motility due to peritonitis carcinoma-
tosa, (3) severe ascites extending to both the abdominal and
pelvic cavities, (4) previous treatment of GOO, (5) inability to
perform endoscopy because of a severe general condition and (6)
refusal to participate in the study.

Study design

This multicentre, open-label study was conducted with
prospective randomisation and compared clinical outcomes
and adverse events between CSEMS and UCSEMS. The list
of participating institutions is shown in online supplemental
table 1. The study was performed according to the guide-
lines described in the Declaration of Helsinki for biomedical
research involving human subjects (Clinical trial registration
number: University Hospital Medical Information Network
000013653), and all patients provided written informed
consent.

The patients were randomised for CSEMS or UCSEMS
deployment in a 1:1 fashion. Randomisation was stratified by
the cause of mGOO (intrinsic or extrinsic) and the oral site of
the stenosis (stomach, bulb, second portion of the duodenum,
or third and fourth portions of the duodenum). Randomisa-
tion was performed using a web-based system designed by an
independent research organisation (Tofield Company Limited,
Tokyo, Japan).

Figure 1

Covered and uncovered self-expandable metallic stent (SEMS) used in this study. (A) The covered SEMS has an antimigration system at

both ends (proximal uncovered flare and distal uncovered area). (B) The uncovered SEMS is straight and contains no membrane.
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Characteristics of SEMS

The CSEMS used in this study was the flared-ComVi stent
(Taewoong Medical, Goyang, Korea) (figure 1A), which had
a covered polytetrafluoroethylene membrane. Its length was
60, 80, 100 or 120 mm depending on the stenosis length. All
CSEMSs were 20 mm in diameter and had an antimigration
system at both ends; the proximal uncovered flare was 15 mm in
length and 25 mm in diameter, and the distal uncovered area was
15 mm in length and 20 mm in diameter. The proximal flare was
expected to prevent stent migration by fixation to the gastro-
duodenal wall. The UCSEMS used in this study was the Niti-S
pyloric/duodenal D-type stent (Taewoong Medical) (figure 1B),
which was made of nitinol wire. Its length was 60, 80, 100 or
120 mm. All USEMSs were equipped with no flares and were 22
mm in diameter.

Stent placement

All SEMSs were deployed under endoscopic and fluoroscopic
guidance. Patients were sedated with intravenous midazolam
and/or propofol. For GDS deployment, a therapeutic endoscope
(GIF 1T-240, 2T-240 or TJF 260; Olympus Medical Systems,
Tokyo, Japan) was used. An endoscopic retrograde cholan-
giopancreatography catheter with a biliary guidewire was used.
Thus, the endoscope was first allowed to approach the gastric or
duodenal stenosis site, after which a guidewire equipped with a
catheter was passed through as far away from the stenosis site
as possible. The distal or proximal lumen of the stenosis site
was captured by fluoroscopy, and after confirming the position
and length of the stenosis site, we determined the appropriate
length and position of the stent. Thereafter, while considering
the shortening of the stent after extension, the GDS was placed
under endoscopic and fluoroscopic guidance.

Follow-up

Patients without immediate adverse events were allowed to start
clear fluid intake 1-5 days after GDS placement. An abdom-
inal radiograph was obtained 1-3 days after the intervention to
check the stent expansion and location. If the patient showed no
GOO symptoms, no stent dislocation and adequate stent expan-
sion after receiving clear fluids, a semisolid diet was started. The
severity of GOO was assessed before and after stent placement
using an adaptation of the GOO scoring system (GOOSS),® in
which swallowing ability is divided into four categories: 0, no
oral intake; 1, liquids only; 2, soft solids; and 3, low residue or
full diet. SD was defined as appetite loss, nausea and/or vomiting
with a GOOSS score of <2 and confirmation of obstruction
by any imaging technique (endoscopy, fluoroscopy, CT and/or
ultrasonography). The causes of SD included stent ingrowth,
overgrowth, stent migration, kinking, food impaction, stent frac-
ture and unsatisfactory stent expansion. These causes of SD were
mainly determined endoscopically and/or fluoroscopically but
were assessed by CT or ultrasonography in some patients with
a worse general condition. In such cases, SD of which the cause
was not detected regardless of oral-side gastroduodenal stent
expansion was treated as an unknown cause. Blood examination
was performed on days 1 and 7 after stenting. In principle, all
patients were followed up monthly by physical examination and
standard blood tests until death. For patients who were trans-
ferred to another hospital, the date of death was determined by
telephone contact.

Outcome measurements and definitions
The primary aim was to compare the time to SD between the
CSEMS and UCSEMS groups, for which the analysis set was

intention-to-treat (ITT). The secondary aims were to evaluate
the proportion of SD throughout the observation period, the
probability of no SD at 1, 2 and 3 months, and the survival prob-
ability; determine the proportions of technical success, clinical
success and adverse events; and identify factors that predict SD
at 2 months. In subgroup analyses, time to SD; proportion of
SD throughout the observation period; and probability of no SD
at 1, 2 and 3 months were compared among patients with each
tumour type (extrinsic vs intrinsic tumours) and stenotic site
(duodenum vs stomach) separately. Time to SD was measured
from the day of stent placement to SD. Patients who died
without SD were censored for time to SD. Patients who under-
went surgery because of improvement of the primary disease by
chemotherapy and/or radiation were censored for time to SD on
the day of surgery. Survival time was measured from the day of
stent placement to patient death. Technical success was defined
as adequate SEMS placement across the stenosis as confirmed
by endoscopy and fluoroscopy. Clinical success was defined as a
GOOSS score of =2 and relief of GOO symptoms within 1 week
after stent insertion. Causes of GOO were divided into two cate-
gories: extrinsic and intrinsic tumours. An extrinsic tumour was
defined as a tumour that compressed and/or invaded the diges-
tive tract from the outside. The representative extrinsic tumours
were pancreatic, gallbladder and similar cancers. An intrinsic
tumour was defined as a tumour that obstructed the diges-
tive tract directly from the inside. The representative intrinsic
tumours were gastric, duodenal and similar cancers. The stenotic
site was defined as the oral side of the stenosis.

We also explored prognostic factors that were independently
associated with SD at 2 months. The following factors were
evaluated for their ability to predict SD: sex, age, tumour type
(extrinsic), stenotic site (duodenum), performance status, use
of chemotherapy after SEMS placement and type of SEMS
(CSEMS).

Sample size and statistical analysis

For sample size estimation, we retrospectively assessed stent
effectiveness in all participating hospitals before this study; the
probability of no SD with a UCSEMS at 2 months was 86.6%
(355 out 410 cases), by which we assumed it to be 90%. Under
the assumption of a HR of 0.5, the required number of patients
was calculated as 175 in each group based on the log-rank test,
with a significance level of 0.05 (two-sided) and power of 0.8.
Accounting for withdrawal of a few patients, the planned sample
size was set at 190 patients in each group.

Continuous variables are expressed as mean+SD and were
compared using the Wilcoxon signed-rank test. Categorical
data are expressed as n (%) and were compared using Fisher’s
exact test. The cumulative time to SD and survival time were
evaluated using Kaplan-Meier analysis. A logistic regression
analysis was applied to explore prognostic factors that were
independently associated with SD at 2 months. ORs and 95%
CIs were reported. All statistical analyses were performed using
SPSS Statistics V.19 (IBM). A p value of <0.05 was considered
statistically significant.

RESULTS

Recruitment and participant flow

Recruitment was performed from April 2014 to March 2017,
and the final follow-up was completed in September 2017.
During the study period, 563 patients were initially considered
for the study (figure 2). In total, 197 patients met the exclu-
sion criteria. Ultimately, 366 patients were randomised, and
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Figure 2 CONSORT (Consolidated Standards of Reporting Trials) flow diagram of patient enrolment. CSEMS, covered self-expandable metal stent;
GOO, gastric outlet obstruction; UCSEMS, uncovered self-expandable metal stent.

182 patients from the CSEMS group and 184 patients from the
UCSEMS group were included in the analysis, in which the anal-
ysis set was [TT.

Patient characteristics in overall CSEMS and UCSEMS groups

The primary disease in the CSEMS and UCSEMS groups was
pancreatic cancer in 48.9% and 48.9% of patients, gastric cancer
in 31.3% and 33.2%, gallbladder cancer in 5.5% and 6.5%, and
others in 14.3% and 11.4%, respectively. The tumour type in
each group was an intrinsic tumour in 35.2% and 35.3% of
patients and an extrinsic tumour in 64.8% and 64.7%, respec-
tively. There were no statistically significant differences in the
other patient characteristics between the two groups (table 1).

Patient survival between CSEMS and UCSEMS groups

No difference in overall survival was found between the two
groups (log-rank p=0.26). The probability at 1, 2 and 3 months
was 85.1%, 66.6% and 49.7% in the CSEMS group and 85.8%,
64.5% and 48.4% in the UCSEMS group, respectively (figure 3).

Technical success, clinical success and adverse events
between CSEMS and UCSEMS groups

Technical and clinical success were achieved in high proportions
of patients, and no differences were found between the two
groups (p=1.00 and 0.69, respectively). Additionally, no differ-
ences were found in the incidence of overall or each adverse
event (table 2).

Stent dysfunction in overall patients between CSEMS and
UCSEMS groups

Among the overall patients, the CSEMS group showed a signifi-
cantly higher proportion of overall SD (35.2% vs 23.49%,
p=0.01), stent overgrowth (p=0.04) and stent migration

(p<0.01) than the UCSEMS group. However, the opposite
result was obtained for stent ingrowth (p<0.01) (table 2). The
time to SD was significantly shorter in the CSEMS than the
UCSEMS group (log-rank p<0.01). Its probability at 1, 2 and 3
months was 83.3%, 75.6% and 69.1% in the CSEMS group and
92.2%, 88.3% and 83.7% in the UCSEMS group, respectively
(figure 4A).

Subgroup analysis of stent dysfunction using tumour type
Among patients with extrinsic tumours, the CSEMS group
showed a significantly higher incidence of overall SD (35.6%
vs 17.5%, p<0.01) and stent migration (p<0.01) than the
UCSEMS group, but no differences in the proportions of stent
ingrowth (p=0.70) and stent overgrowth (p=0.36) were found
between the CSEMS and UCSEMS groups (table 3). The time
to SD was significantly shorter in the CSEMS group than the
UCSEMS group (log-rank p<0.01).

Among patients with intrinsic tumours, the CSEMS group
showed a significantly lower incidence of stent ingrowth than
the UCSEMS group (p<0.01), but no differences in the propor-
tion of overall SD (34.4% vs 33.8%, p=0.98), stent overgrowth
(p=0.12) or stent migration (p=0.35) were found between the
CSEMS and UCSEMS groups (table 3). Additionally, no differ-
ences in the time to SD were found between the two groups
(log-rank p=0.14).

Subgroup analysis of stent dysfunction using stenotic site
Among patients with duodenal stenosis, the proportion of SD
was significantly higher (p=0.02) (online supplemental table 2)
and the time to SD was significantly shorter in the CSEMS group
than the UCSEMS group (log-rank p=0.03) (online supple-
mental figure 1A).
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Table 1 Demographic and clinical characteristics of patients in the
overall CSEMS and UCSEMS groups

Table 2 Clinical results among the overall patients between the
CSEMS and UCSEMS groups

CSEMS UCSEMS
n=182 n=184 P value
Sex
Male 98 (53.8) 107 (58.2) 0.41
Female 84 (46.2) 77 (41.8)
Age, years 73.5 (35-97) 72 (43-96) 0.99
Tumour diagnosis 0.93
Pancreatic cancer 89 (48.9) 90 (48.9)
Gastric cancer 57 (31.3) 61(33.2)
Gallbladder cancer 10 (5.5) 12 (6.5)
Other 26 (14.3) 21(11.4)
Tumour type
Intrinsic 64 (35.2) 65 (35.3) 0.97
Extrinsic 118 (64.8) 119 (64.7)
Stenotic site
Stomach 63 (34.6) 59 (32.1) 0.60
Duodenum 119 (65.4) 125 (67.9)
D1 (bulb) 50 (27.5) 47 (25.5)
D2 (second portion) 31 (17.0) 35(19.0)
D3 (third portion) 35(19.2) 38(20.7)
D4 (fourth portion) 3(1.6) 5(2.7)
GOOSS score before SEMS placement
0 82 (45.1) 95 (51.6) 0.21
1 100 (54.9) 89 (48.4)
Performance status
0 49 (26.9) 62 (33.6) 0.22
1 80 (44.0) 65(35.3)
2 53(29.1) 57 (30.9)
Stage
\% 167 (91.8) 164 (89.1) 0.72
i 12 (6.6) 16 (8.7)
Other 3(1.6) 4(2.2)
Chemotherapy after SEMS placement 66 (36.3) 70 (38.0) 0.72

Data are presented as n (%) or median (range).
CSEMS, covered self-expandable metal stent; GOOSS, gastric outlet obstruction scoring system; SEMS,
self-expandable metal stent; UCSEMS, uncovered self-expandable metal stent.

%
100 ——— CSEMS group
90 UCSEMS group
80
70
z
3 60
2
) 50
<4
o
— 40
©
2
> 30
=3
» 20
10
' e —
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 Days
No. at risk
CSEMS 182 82 35 19 12 5 5 2 2 1 [ 0 [
UCSEMS 184 86 43 23 12 11 7 2 2 2 2 2 [

Figure 3  Kaplan-Meier curves for patient survival. The survival
probability at 1, 2 and 3 months was 85.1%, 66.6% and 49.7% in the
covered self-expandable metal stent (CSEMS) group and 85.8%, 64.5%
and 48.4% in the uncovered self-expandable metal stent (UCSEMS)
group, respectively (log-rank p=0.26).

CSEMS UCSEMS
n=182 n=184 P value
Technical success 182 (100) 184 (100) 1.00
Clinical success 164 (90.1) 168 (91.3) 0.69
Overall adverse events 39 (21.4) 37 (20.1) 0.76
Jaundice and/or cholangitis 23(12.6) 18(9.8) 0.39
Bleeding 3(1.6) 6(3.3) 0.51
Perforation 3(1.6) 3(1.6) 0.69
Pancreatitis 2(1.1) 2(1.1) 0.62
Other 8 (4.4) 8(4.3) 0.82
Overall stent dysfunction 64 (35.2) 43 (23.4) 0.01
Stent ingrowth 6(3.3) 23(12.5) <0.01
Stent overgrowth 12 (6.6) 4(2.2) 0.04
Stent migration 22 (12.1) 4(2.2) <0.01
Other 24(13.2) 12 (6.5) 0.03

Data are presented as n (%).
CSEMS, covered self-expandable metal stent; NA, not applicable; UCSEMS, uncovered self-expandable
metal stent.

Among patients with gastric stenosis, no difference in the
proportion of SD was found (p=0.30) (online supplemental
table 2); however, the time to SD was significantly shorter in
the CSEMS group than the UCSEMS group (log-rank p=0.01)
(online supplemental figure 1B).

In the analysis of the stenotic site, the following outcomes
were similar in comparison of the tumour type: the propor-
tion of overall SD and each type of SD (except stent migration
in the gastric stenosis group) (online supplemental table 2).
However, regarding stent migration, the outcome of the analysis
of the stenotic site was different in comparison of the tumour
type. The proportion of stent migration among patients with

(A) (B)
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Figure 4 Kaplan-Meier curves for stent dysfunction (SD). (A) Kaplan-
Meier curves for SD among overall patients. The probability of no SD

at 1, 2 and 3 months was 83.3%, 75.6% and 69.1% in the CSEMS
group and 92.2%, 88.3% and 83.7% in the UCSEMS group, respectively
(log-rank p<0.01). (B) Kaplan-Meier curves for SD among patients

with extrinsic tumours. The probability of no SD at 1, 2 and 3 months
was 84.1%, 76.2% and 70.4% in the CSEMS group and 92.3%, 88.2%
and 85.9% in the UCSEMS group, respectively (log-rank p<0.01). (C)
Kaplan-Meier curves for SD among patients with intrinsic tumours. The
probability of no SD at 1, 2 and 3 months was 82.1%, 74.5% and 67.1%
in the CSEMS group and 92.2%, 88.6% and 81.1% in the UCSEMS
group, respectively (log-rank p=0.14).

1248

Yamao K, et al. Gut 2021;70:1244-1252. doi:10.1136/gutjnl-2020-320775

"ybuAdoo Ag paosioid 1senb Ag 20z ‘2T [udy uo jwod fwg Ny :dny wouy papeojumoq "0zZ0Z J18qUIBAON ZZ U0 G//02€-0202-IulinB/9gTT 0T se paysiignd 1siy N9


https://dx.doi.org/10.1136/gutjnl-2020-320775
https://dx.doi.org/10.1136/gutjnl-2020-320775
https://dx.doi.org/10.1136/gutjnl-2020-320775
https://dx.doi.org/10.1136/gutjnl-2020-320775
http://gut.bmj.com/

Table 3 Stent dysfunction by comparison of tumour type (extrinsic vs
intrinsic tumour) between the CSEMS and UCSEMS groups

CSEMS UCSEMS P value

Extrinsic tumour n=118 n=119

Overall stent dysfunction 42 (35.6) 21(17.5) <0.01
Stent ingrowth 5(4.2) 5(4.2) 0.70
Stent overgrowth 8(6.8) 4(3.3) 0.36
Stent migration 18(15.3) 3(2.5) <0.01
Other 11(9.3) 9(7.6) 0.63

Intrinsic tumour n=64 n=65

Overall stent dysfunction 22 (34.4) 22 (33.8) 0.98
Stent ingrowth 1(1.6) 18 (27.7) <0.01
Stent overgrowth 4(6.3) 0(0.0) 0.12
Stent migration 4(6.3) 1(1.5) 0.35
Other 13 (20.3) 3(4.6) <0.01

Data are presented as n (%).
CSEMS, covered self-expandable metal stent; UCSEMS, uncovered self-expandable metal stent.

gastric stenosis was significantly higher in the CSEMS than the
UCSEMS group (p=0.02) (online supplemental table 2). In the
CSEMS group among patients with gastric stenosis, 10 patients
had pancreatic cancer, and 4 of these patients developed stent
migration.

Predictive factors for stent dysfunction

A logistic regression analysis was performed to explore the
factors affecting SD at 2 months. The results revealed that
CSEMS deployment (OR 2.41; p<0.01) and age (OR 0.98;
p=0.04) were the factors that affected SD at 2 months (table 4).

DISCUSSION

This is the largest multicentre prospective study to compare a
CSEMS with a large uncovered flare versus a UCSEMS among
patients with mGOO. We had hypothesised that this novel
CSEMS was unlikely to be associated with stent migration
because of the presence of the large uncovered flare, and we had
expected this novel CSEMS to contribute to prevention of SD.
However, the proportion of SD was significantly higher and the
time to SD among the overall patients was significantly shorter
in the CSEMS than the UCSEMS group. Nevertheless, this is the
first study to compare the clinical results among patients with
extrinsic and intrinsic tumours separately. Among patients with
extrinsic tumours, the proportion of SD was significantly higher
and the time to SD was significantly shorter in the CESMS than
UCSEMS group. In contrast, no differences in these parameter
were found for the patients with intrinsic tumours between the
two groups.

Table 4 Multivariable analysis of factors associated with stent
dysfunction at 2 months

OR 95% Cl P value
Sex, male 0.87 0.58 t0 1.29 0.48
Age, years 0.98 0.95 to 1.00 0.04
Tumour type, extrinsic 135 0.60 to 3.04 0.47
Stenotic site, duodenum 0.54 0.25t01.20 0.13
Performance status 2 1.03 0.55t0 1.92 0.92
Chemotherapy after SEMS placement 0.62 0.33t01.17 0.14
CSEMS 2.41 13410433 <0.01

CSEMS, covered self-expandable metal stent; SEMS, self-expandable metal stent.

Many studies have assessed the clinical results between patients
with a CSEMS and UCSEMS after placement of a GDS,'™ 7%
including four randomised controlled trials (RCTs).® 12 13 16
One systematic review and meta-analysis showed no significant
difference in the proportion of SD between the two groups
but revealed a significantly lower incidence of stent occlusion,
including stent ingrowth and a higher incidence of stent migra-
tion when using a CSEMS than UCSEMS.® Another systematic
review and meta-analysis showed that a CSEMS can reduce the
risk of restenosis, whereas a UCSEMS is effective in decreasing
stent migration.

In previous RCTs that compared the CSEMS and UCSEMS,
the incidence of stent ingrowth was 0.0%-3.4% in the CSEMS
group and 16.1%-44.4% in the UCSEMS group.® '* 13 1¢ In
most studies, the incidence of stent ingrowth was significantly
lower in the CSEMS group than the UCSEMS group.® '# 3
In the present study, the incidence of stent ingrowth in the
CSEMS group was also significantly lower than that in the
UCSEMS group (3.3% and 12.5%, respectively; p<0.01).
However, our study differs from previous studies!™ 7 117212324
in that we additionally assessed clinical results among patients
with extrinsic and intrinsic tumours. No previous studies have
compared the clinical results between patients with extrinsic
and intrinsic tumours, although assessments have been made
either among patients with gastric cancer or those with pancre-
atic cancer. The incidence of stent ingrowth among patients
with pancreatic cancer was 0.0% with a CSEMS*® and 13.8%-—
19.7% with a UCSEMS,*” ** while that among patients with
gastric cancer was 9.1% with a CSEMS and 41.2%-44.4%
with a UCSEMS.® % In the present study, no difference in the
proportion of stent ingrowth among patients with extrinsic
tumours was found between the CSEMS and UCSEMS groups
(4.2% and 4.2%, respectively; p=0.70), but the proportion
of stent ingrowth among patients with intrinsic tumours was
significantly lower in the CSEMS group than the UCSEMS
group (1.6% and 27.7%, respectively; p<0.01). This discrep-
ancy can be explained by indirect tumour compression of the
SEMS among patients with extrinsic tumours and direct inva-
sion of the SEMS among patients with intrinsic tumours.

CSEMS migration is a challenging problem. The incidence
of stent migration in RCTs reportedly ranges from 6.5% to
32.3% among patients with a CSEMS and from 0.0% to 8.3%
in those with a UCSEMS,® "2 1° and in some studies, the inci-
dence was significantly higher in the CSEMS than the UCSEMS
group.®'? In the present study, the incidence of stent migration
was significantly higher in the CSEMS than UCSEMS group
(12.1% and 2.2%, respectively; p<0.01). This significant
difference remained among patients with extrinsic tumours
(15.3% and 2.5%, respectively; p<0.01), but not intrinsic
tumours (6.3% and 1.5%, respectively; p=0.35). We specu-
late that extrinsic tumours mainly compress the digestive tract,
whereas intrinsic tumours can hold the SEMS in place, even
in the presence of a stent cover, because the intrinsic tumours
directly invade the digestive tract; thus, stent migration more
easily occurs with extrinsic tumours. In previous studies, the
incidence of stent migration among patients with pancreatic
cancer was 5.3% in the CSEMS group and 0.0%-1.4% in the
UCSEMS group, while the incidence among patients with
gastric cancer was 18.2%-32.3% in the CSEMS group and
4.29%-8.3% in the UCSEMS group.®?’ These data differ from
our results, probably because of the difference in the SEMS. In
a single-arm retrospective study using the same flared-ComVi
stent, the incidence of stent migration was 23%,’° which is
much higher than our result. The novel CSEMS used in our
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study has an anti-migration system at both ends (proximal
uncovered flare and distal uncovered area); however, we
cannot definitively conclude that this anti-migration system
prevents stent migration. Some recent studies have focused
on the effectiveness of a CSEMS with other anti-migration
systems. Choe et al*® reported a SEMS with a 40-mm-diameter
wide funnel shape, and Choi et al*! reported large star-shaped
flaps. No distal stent migration occurred with these antimigra-
tion systems (0.0% for both), although some proximal stent
migration occurred (16.7% and 11.1%, respectively). Even if
a better antimigration system that effectively prevents distal
migration is developed, proximal migration still can occur;
therefore, stent migration may remain a challenging problem
that cannot be prevented.

The incidence of stent overgrowth in RCTs ranged from
0.0% to 3.2% in the CSEMS group and from 0.0% to 3.3%
in the UCSEMS group,® 2 ' with no significant differences
between the two groups. In the present study, the incidence of
stent overgrowth was significantly higher in the CSEMS group
than the UCSEMS group (6.6% vs 2.2%, p=0.04). Although
the pathogenesis is unclear, we speculate that stent overgrowth
tends to occur in the CSEMS group because the tumour
protrudes both ends of the SEMS due to the presence of a
stent cover in the CSEMS while the tumour invades between
the mesh in the UCSEMS.

In this study, the main primary disease in patients with
extrinsic tumours and duodenal stenosis was pancreatic
cancer, while that in patients with intrinsic tumours and
gastric stenosis was gastric cancer. In the subgroup analysis
using the stenotic site (duodenal vs gastric stenosis), we found
a significant difference in the proportion of stent migration
(CSEMS, 11.1% vs UCSEMS, 0.0%; p=0.02) and time to
SD (log-rank p=0.01) in the patients with gastric stenosis.
However, we found no significant difference in the propor-
tion of stent migration or time to SD in the intrinsic tumour
group in the subgroup analysis using tumour type. The reason
for this discrepancy between these subgroup analyses might
have been the presence of patients who had pancreatic cancer
with gastric stenosis (compression and/or invasion). In these
patients, stent migration was prone to occur (40.0%) and
might have subsequently decreased time to SD. Taking these
outcomes into consideration, we speculate that the tumour
type may more strongly affect the proportion of stent migra-
tion than the stenosis location.

Factors that predict stent-related events have been assessed in
previous studies.'?'”2°2332 Although predictive factors for clin-
ical failure after GDS placement were mainly assessed,'?20~>% 32
some studies assessed predictive factors for stent patency. Ye
et al'” reported that the GOOSS score after GDS placement
was a predictive factor, and Jung et al'® reported that clinical
success was related to stent patency. Furthermore, Yamao et
al*' evaluated the factors related not only to clinical failure
but also to adverse events, namely, perforation, bleeding and
jaundice. In the present study, the predictive factors for SD at
2 months were CSEMS deployment (OR 2.41; 95% CI 1.34
to 4.33; p<0.01) and age (OR 0.98; 95% CI 0.95 to 1.00;
p=0.04). The incidences of stent overgrowth and migration
among the overall patients were significantly higher in the
CSEMS group than the UCSEMS group. We consider that
these results affected the multivariable analysis.

In summary, we compared the clinical results between
patients with CSEMS and UCSEMS not only among the overall
patients but also among patients with extrinsic and intrinsic
tumours separately. The proportion of overall SD among

the overall patients and patients with extrinsic tumours was
significantly higher in the CSEMS group than the UCSEMS
group. The time to SD among the overall patients and patients
with extrinsic tumours in the CSEMS group was significantly
shorter than that in the UCSEMS group. Among patients with
intrinsic tumours, however, no difference in the proportion
of overall SD or the time to SD was found between the two
groups. The proportion of stent migration among patients
with extrinsic tumours was significantly higher in the CSEMS
group than the UCSEMS group; however, no difference in
its proportion among patients with intrinsic tumours was
found between the two groups. No difference in the propor-
tion of stent ingrowth among patients with extrinsic tumours
was found between the two groups; however, its proportion
among patients with intrinsic tumours was significantly lower
in the CSEMS group than the UCSEMS group.

This study has two main strengths. First, it was a multi-
centre prospective randomised study involving a large number
of patients. Second, it is the first study of GDSs to compare
extrinsic and intrinsic tumours separately. This study also has
two main limitations. First, the SEMSs differed: the CSEMSs
were 20 mm in diameter and had a proximal uncovered flare
and distal uncovered area, while the UCSEMSs were 22 mm
in diameter. Second, we used the log-rank test to estimate the
sample size. The log-rank test is unlikely to detect a difference
between groups when the risk of an event is not consistently
greater for one group than another.*’

In conclusion, deployment of a GDS achieved high rates
of technical success and clinical success among the overall
patients, patients with extrinsic tumours and patients with
intrinsic tumours. The proportion of SD among the overall
patients and those with extrinsic tumours in the CSEMS group
was significantly higher than that in patients in the UCSEMS
group. Due to poor patient survival, minor differences
between covered and uncovered stents may be less relevant
even if statistically significant; however, subgroup analysis
would suggest to use covered stents for intrinsic and uncov-
ered stents for extrinsic malignancies.
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Supplementary Table 2. Stent dysfunction by comparison of stenotic site

(duodenal vs. gastric stenosis) between the CSEMS and UCSEMS groups

CSEMS UCSEMS p

Duodenal stenosis n=119 n=125
Overall stent dysfunction 38 (31.9) 24 (19.2) 0.02
Stent ingrowth 6 (5.0) 8 (6.4) 0.65
Stent overgrowth 9 (7.6) 4 (3.2) 0.22
Stent migration 15 (12.6) 4 (3.2) 0.01
Other 8 (6.7) 8 (6.4) 0.92

Gastric stenosis n =63 n =59
Overall stent dysfunction 26 (41.3) 19 (32.2) 0.30
Stent ingrowth 0 (0.0) 15 (25.4) <0.01
Stent overgrowth 3(4.8) 0 (0.0) 0.09
Stent migration 7(11.1) 0(0.0) 0.02
Other 16 (25.4) 4 (6.8) 0.01

Data are presented as n (%).

CSEMS, covered self-expandable metal stent; UCSEMS, uncovered self-

expandable metal stent.
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