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Abstract

Background Endoscopic placement of fully covered self-ex-

panding metal stents (FCSEMS) to treat malignant dysphagia

in patients with esophageal cancer significantly improves

dysphagia; however, these stents have a high migration rate.

Aim To determine whether FCSEMS fixation using an

endoscopic suturing device treated malignant dysphagia

and prevented stent migration in patients with locally

advanced esophageal cancer receiving neoadjuvant therapy

when compared to patients with FCSEMS placement alone.

Method A review of patients with locally advanced esopha-

geal cancer who underwent FCSEMS placement at 3 centers

was performed. Patientsweredivided into twogroups:GroupA

(n = 26) was composed of patients who underwent FCSEMS

placement with suture placement, and Group B (n = 67) was

composed of patients with FCSEMS placement alone.

Results There were no significant differences between

Groups A and B in demographics, and tumor characteristics.

The technical success rate for stent placement was 100 %.

There was no difference between Groups A and B in the

median stent diameter and stent lengths. Mean dysphagia

score obtained at 1 week after stent placement had improved

significantly from baseline (2.4 and 1, respectively,

p\ 0.001). Patients had a median follow-up of 4 months.

Immediate adverse events were mild chest discomfort in 4

patients in Group A and 2 patients in Group B (p = 0.05),

and significant acid reflux in 3 patient in Group A compared

to 2 patients in Group B (p = 0.1). The stent migration rate

was significantly lower inGroupA compared to compared to

Group B (7.7 vs 26.9 %, respectively, p = 0.004). There

was a delayed perforation in 1 patient and 1 death due to

aspiration pneumonia in Group B.

Conclusion Fixation of esophageal FCSEMSs by using an

endoscopic suturing device in patients receiving neoadju-

vant therapy was shown to be feasible, safe, and relatively

effective at preventing stent migration compared to those

who had stent placed alone.

Patients with locally advanced esophageal malignancy are

frequently diagnosed at advance stages with symptoms of

dysphagia that leads to poor quality of life, prevents adequate

oral intake, and renders surgical resection and/or chemo-ra-

diation therapy challenging [1–3]. Endoscopic stent place-

ment using uncovered, partially covered, and fully covered

stents offers immediate resolution of the dysphagia symp-

toms; however, these stents have its own set of challenges.

In general, uncovered and partially covered stents have

lowermigration rates compared to fully covered stents but are

very challenging to remove. On the other hand, covered stents

have higher migration rates but are easier to remove [4, 5].
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In patients with locally advanced esophageal cancer, the

current standard of care is to offer neoadjuvant therapy prior

to undergoing definitive surgical resection of the cancer

[6, 7]. However, this often leads to acute inflammation and

edema in the oropharyngeal and esophageal mucosa,

thereby often initially increasing swallowing difficulties.

Siddiqui et al. [1] have demonstrated that placement of fully

covered esophageal SEMS (FCSEMS) in patients with

locally advanced esophageal cancer during neoadjuvant

therapy significantly improves dysphagia and allows for

oral nutrition during neoadjuvant therapy. The distinct

advantage of using FCSEMS is that they can be easily

removed before surgery. One major disadvantage of these

FCSEMS is that they are associated with high migration

rate (26–60 %), therefore requiring repeat endoscopic

interventions and possible stenting [8]. Through-the-scope

clips have proven to be ineffective in anchoring esophageal

stents in place and preventing migration. While over-the-

scope clips (OTSC) are proven to be efficacious for

anchoring the esophageal stent in these situations, they are

very difficult to remove when needed [9].

It seems intuitive to use a direct endoscopic suturing

technique, with its potential for accuracy and simplicity of

function for anchorage of a FCSEMS esophageal stent in

patients with locally advanced esophageal cancer during

neoadjuvant therapy. This technique allows for direct

endoscopic visualization in order to anchor the stent,

decrease its migration rate, and also allows the ease of

removal of FCSEMS prior to surgery.

The OverStitch Endoscopic Suturing System (Apollo

Endosurgery Inc., Austin, TX) was approved by FDA in 2008

and was initially designed for closure of gastrointestinal wall

during NOTES procedures [9]. Over the years, this technique

has been applied in humanmainly in isolated specific cases or

small case series. In Sharaiha et al., endoscopic suturing

proved to be safe and effective for the management of GI

defects (fistulas, leaks, perforations) and stent anchorage in 26

patients with esophageal leaks and benign strictures [8, 10].

The aim of this multicenter retrospective study was to

determine whether FCSEMS fixation using an endoscopic

suturing device (Overstitch, Apollo Endosurgical) effec-

tively treated malignant dysphagia and prevented stent

migration in patients with locally advanced esophageal

cancer receiving neoadjuvant therapy when compared to

patients with FCSEMS placement alone.

Materials and methods

A retrospective review of patients with locally advanced

esophageal cancer that underwent endoscopic FCSEMS

placement across a malignant stricture prior to receiving

neoadjuvant chemo-radiation at three tertiary referral

centers between June 2011 and May 2015. Patients were

identified using endoscopic database at each institution. All

data were compiled into a central database. Inclusion cri-

teria for our study are the following: (1) biopsy-proven

esophageal cancer (squamous and adenocarcinoma); (2)

locally advanced disease found on imaging (CT and/or

EUS), and (3) symptoms of dysphagia. Dysphagia grading

prior to the procedure as the follows: 0 = no dysphagia,

1 = dysphagia to normal solid foods, 2 = dysphagia to

semisolid foods, 3 = dysphagia to liquids, and 4 = com-

plete dysphagia. Metastatic diseases found on initial study

were excluded.

The patients evaluated were divided into two groups:

Group A (n = 26) composed of patients who underwent

FCSEMS placement followed by suture placement using

the OverStitch suturing device at the proximal portion of

the stent, and Group B (n = 67) composed of patients with

FCSEMS placement alone without sutures.

Endoscopic procedure, stent insertion, and suturing

The fully covered esophageal SEMS used in the present

study included the EndoMAXX stent (Merit Medical,

South Jordan UT), the WallFlex� stent (Boston Scientific

Endoscopy, Natick, MA), the BonastentTM (Endochoice,

Atlanta, GA), or the Evolution� stent (Cook Endoscopy,

Winston-Salem, NC). All of these metal stents have a sil-

icone covering that extends their entire length and thus

prevents tumor ingrowth. Stents were deployed in the

standard manner over guidewires and with the aid of flu-

oroscopy. Stents were sized based on the location and size

of the tumor, the length and severity of the stricture, and

the diameter of the proximal and distal esophagus. Endo-

scopic and fluoroscopic confirmation of adequate stent

position was obtained in all patients.

Stent suturing was performed using the OverStitch

device that was inserted onto a double-channel endoscope.

A suture anchor was inserted through the accessory channel

and coupled to the suturing arm of the device. The handle

portion of the device allowed the transfer of the needle and

thus the suture through the stent. A cinch was then used to

tighten and deploy the suture. Bites were sequentially taken

through the stent and mucosa separately to ensure proper

anchoring. One–three sutures were placed in separate

locations at the endoscopist’s discretion to help anchor the

proximal end of the stent to the esophageal wall.

Data acquisition included: patient demographics, stric-

ture location, technical success (successful SEMS trans-

verse the stricture), dysphagia scores, stent migration,

stent-related adverse events (AEs), and follow-up duration.

The study was approved by the institutional review board

at each institution and patient consented to the use of

related medical information.
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Definitions

Technical success was defined as placement of a stent in

the desired position as determined endoscopically and/or

radiographically. In cases (Group A), this was also defined

by successful placement of the suture. Early and late AEs

were defined as complications that occurred \=24 and

[24 h after stent placement, respectively. AEs were fur-

ther categorized into mild, moderate, severe, and fatal,

according to the current ASGE guidelines [11]. Migration

was defined as displacement of the stent proximally or

distally from the original location of deployment on fol-

low-up endoscopy or imaging.

Statistical analysis

All quantitative data were summarized by mean and stan-

dard deviation (SD), ‘‘mean ± SD’’, and count data were

given their corresponding percentage ‘‘%’’. The collected

quantitative and count data were then subgrouped and

analyzed using Student t test or Chi-square test (X2).

P value less than or equal to 0.05 was considered to be

statistical significant. All statistical analyses were per-

formed using Sigma Stat v3.5 software (Richmond, Cali-

fornia, USA).

Results

Patient demographics and tumor characteristics

A total of 93 patients (mean age = 67.7 ± 11.2 years,

male = 73 %) with malignant dysphagia due to locally

advanced malignant esophageal lesions underwent endo-

scopic stent placement prior to neoadjuvant therapy at 3

tertiary US medical centers. Ninety patients had a diagnosis

of adenocarcinoma (96.8 %), and 3 patients (3.2 %) had

squamous cell cancer. The mean (SD) length of the

malignant tumor was 5.3 ± 1.85 cm (range 4–10 cm).

Tumors were located in the proximal esophagus (n = 3),

middle esophagus (n = 16), and distal esophagus

(n = 74). Seventy-eight patients had their disease staged as

T3N0, 4 had their disease staged as T3N1, and 11 patients

had their disease staged as T2N1. There were no significant

differences between Groups A and B in demographics,

length and location of tumor, and tumor stage.

Esophageal FCSEMS characteristics

The technical success rate for stent placement in patients

both with and without suturing was 100 %. The Wallflex

stent (n = 48) and Bonastent (n = 8), EndoMAXX

(n = 31), and Evolution� stent (n = 6) with diameters of

18–25 mm and lengths of 60–150 mm were used. One–

three sutures (mean = 2 sutures) were used consecutively

in patients in Group A to fix the upper flared end of the

stent with the esophageal wall. Seventy-four stents

(79.6 %) crossed the gastroesophageal junction. One

patient in Group A underwent dilation of the malignant

stricture prior to stent placement compare to 4 patients in

Group B (p = 1). There was no significant difference

between Groups A and B in the median stent diameter (18

vs 18 mm, respectively, p = 1) and median stent lengths

(100 vs 100 mm, p = 0.8). All patients underwent neoad-

juvant therapy after esophageal stenting. Patient and stent

characteristics are summarized in Table 1.

Dysphagia scores

Dysphagia scores were reported for the patient’s evaluated

at the time of stent placement (baseline) and 1 week after

stent placement. The mean dysphagia score (SD) at base-

line was 2.4 ± 0.89 (range 0–4), and the mean dysphagia

score at the 1 week follow-up was 1 ± 0.81(range 0–2).

Compared to baseline, the dysphagia scores at week 1 after

stent placement were significantly improved (p\ 0.001).

Adverse events (Table 2)

Early mild adverse events included self-limiting chest

discomfort in 4 patients in Group A compared to 2 patients

in Group B (p = 0.05), and significant acid reflux in 3

patient in Group A compared to 2 patients in Group B

(p = 0.1). No moderate or severe early AEs were noted. In

Group A, late AEs occurred in 2 patients and included one

case of food impaction in the stent and one case of bleeding

from the tumor that was controlled using argon plasma

coagulation (APC). In Group B, late AEs occurred in 4

patients: (a) One case of tumor ingrowth requiring removal

of the old stent and placement of a new one; (b) one case of

bleeding from the tumor that was controlled using argon

plasma coagulation (APC); (c) a delayed perforation in 1

patient while receiving chemotherapy; and (d) 1 death due

to aspiration pneumonia. The one patient with perforation

of the esophagus had been undergoing neoadjuvant chemo-

radiotherapy. This was a non-contained perforation, and

the patient underwent operative repair with creation of a

cervical esophagostomy. Patient was discharged from the

hospital after surgery but was found to have evidence of

metastatic disease on repeat imaging studies and treated

with palliative care.

Stent migration

Stent migration was noted in a total of 20 of the 93 patients

(21.5 %). The stent migration rate was lower in Group A
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compared to compared to Group B (7.7 vs 26.9 %). Using

Kaplan–Meier analysis and log-rank analysis (Fig. 1), fix-

ation of the stent with suturing significantly reduced the

risk of migration (p = 0.004). There was no significant

difference between crossing the gastroesophageal junction

and rate of migration (p = 0.11) or diameter of stent used

(p = 0.13). In subgroup analysis, there was no difference

between the number of sutures used and stent migration

(p = 0.7). There was also no difference between the types

of stent used and migration (p = 0.58).

Follow-up evaluation

Patients had a median follow-up of 4 (range, 3–13) months.

Due to disease progression or the discovery of metastasis

after neoadjuvant therapy, only 18/26 patients in Group A

Table 1 Patient and stent characteristics

Sutured group Non-sutured group P

Total number n = 26 n = 67

Age (mean) Mean = 69.9 ± 11.8, Median = 70.5 Mean = 66.9 ± 11, Median = 66.0 0.252

Sex

Female 9 16

Male 17 51

Esophagus location

Upper third n = 1 n = 2 0.67

Middle third n = 5 n = 11

Lower third n = 20 n = 54

Lesion size (cm) Mean = 5.11, Median = 5 Mean = 5.39, Median = 5 0.79

Mean T stage 2.96 ± 0.19 3 ± 0 0.14

Mean N stage 0.12 ± 0.33 0.5 ± 0.61

Esophagectomy

Yes 18 22

No 8 45

Follow-up (month) 4.35 ± 4.0 4.64 ± 3.04

Death from underlying disease 7 4

Dilation prior to stent placement 1 4 1

Successful stent placement 26 67 1

Median stent diameter(mm) 18 18 1

Median stent length (mm) 100 100 1

Stent brand 1

Wallflex 13 35

Bonastent 3 5

Evolution 1 5

EndoMAXX 9 22

Table 2 Adverse events in

patients with FCSEMS

placement

Sutured group Non-sutured group P

Adverse events

Total 9 9 1

Reflux 3 2

Chest pain 4 2

Stent obstruction 1 (food impaction) 1 (overgrowth)

Perforation 0 1

Bleeding 1 1

Death 0 1 (aspiration pneumonia)
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and 22/67 patients in Group B underwent curative surgery.

Patients that did not undergo curative surgical resection

underwent palliative therapy. The esophageal stents were

easily removed in those who proceeded to surgery at the

time of the operation. During the follow-up, 7 patients in

Group A and 4 patients in Group B died as a result of their

esophageal cancer.

Discussion

The current standard of care is to offer neoadjuvant therapy

to patients with locally advanced esophageal cancer. [7]

[12] The majority of these patients will have dysphagia on

presentation as a result of their tumor burden. While

neoadjuvant therapy can improve symptoms of dysphagia

by decreasing tumor size and increasing the esophageal

luminal diameter, most patients will experience an initial

worsening of their dysphagia as a result of mucositis. [13]

Surgical placement of jejunostomy tubes has long been the

mainstay for obtaining enteral access in patients undergo-

ing neoadjuvant therapy and patients who are unable to

consume an adequate caloric intake. Alternatively, Sid-

diqui et al. [1] have demonstrated that fully covered SEMS

insertion can help to relieve dysphagia and maintain oral

nutrition in patients with esophageal cancer who are

receiving neoadjuvant therapy prior to a planned

esophagectomy. However, stent migration occurred in up

to one-third of their patients at some point. While place-

ment of partially covered and uncovered stents may

decrease the migration rate, subsequent removal prior to

surgery can be challenging, costly and may require repe-

ated endoscopic interventions leading to greater patient

discomfort. Endoscopic suturing for mural anchoring of the

FCSEMS in this scenario is an attractive option, and prior

studies have shown promising outcome in fistulas, leaks,

and perforations. Endoscopic suturing of self-expandable

stents is also quick and technically easy with a learning

curve of 10–15 cases.

In this study, we utilized a large number of patients in 3

tertiary centers to specifically evaluate the effect of endo-

scopic suturing in patient with malignant esophageal

stricture undergoing neoadjuvant therapy. The stent

migration rate was significantly lower in the sutured group

as compared to the non-sutured group (7.7 vs 26.9 %,

respectively, p = 0.004). This is significantly lower than

the reported migration rate of 37–50 % in prior clinical

studies [14–16]. Both groups showed identical percentages

of cancers involving the distal esophagus (77 vs 81 %)

which is a site where stent migration is higher. Addition-

ally, stent length and diameter were similar in both groups,

therefore making variation in stent measurements an unli-

kely culprit to account for the migration difference between

the two groups. Potential reason to explain migration

occurrence despite placement of suture included location of

suture placement and suture depth as suture may be dis-

lodged if placed too superficial. The rate of stent migration

in patients with partially covered or uncovered SEMS is

0–10 % [5, 6, 12]. Our study demonstrates that endoscopic

suturing of FCSEMS lowers the rates of stent migration so

as to be comparable to uncovered and partially covered

SEMS.

Immediately after stent placement, chest pain and reflux

are frequent complaints. The chest pain may be explained

by the radial force generated by the expansion of the stent.

Smaller stent may decrease the incidence of chest pain, but

this could potentially increase the rate of migration. In a

study by Didden et al. [17], moderate to severe chest pain

was reported in 60 % of patients after stent placement

lasting around 10 days, but none of the patient required

stent removal. In this study, there were reported immediate

self-limiting chest pain and acid reflux in both groups

without any difference. There was also one delayed per-

foration and 1 patient who died from complication of

pneumonia in the non-sutured group (Group B).

The mean dysphagia score for patients in this study

obtained at 1 week after stent placement showed statisti-

cally improvement from baseline of 2.4 to 1 (p\ 0.001)

with a mean follow-up of 4 months. While no formal

assessment of quality of life (QOL) was made in the pre-

sent trial, we believe that ability to swallow and take oral

nutrition after stent placement may have resulted in an

improved QOL.

Following stent placement, tissue over growth, food

impaction, and stent migration are another most frequently

encountered complications in patients with esophageal

stents, and repeat endoscopic intervention is needed in

20–25 % of the patients [18]. Recurrent dysphagia after

stent placement can occur in around one-third of the cases

[19]. This said, esophageal SEMS continue to provide

Fig. 1 Kaplan–Meier analysis evaluating FCSEMS migration in

patients with and without endoscopic suture fixation
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significant relief of dysphagia for both patients undergoing

neoadjuvant therapy and palliative therapy. This is

demonstrated by Conio et al. [20] who reported 100 %

improvement in dysphagia score that lasted until death with

mean survival of 4 months. This is comparable to our

study. In addition, since a significant amount of our

patients were deemed inoperable after receiving neoadju-

vant therapy, FCSEMS provided a robust palliative relief

of dysphagia. In patients who underwent surgical resection,

the FCSEMS were easily removed endoscopically,

including those that had been sutured.

In conclusion, endoscopic suturing anchoring of eso-

phageal FCSEMS is shown to be feasible, effective, and safe

at preventing stent migration in patients with malignant

esophageal strictures receiving neoadjuvant therapy when

compared to placement of stents alone. Most patients with

locally advanced esophageal cancer will never proceed to

curative resection. Patients who do not proceed to surgery

can have their stent left in place as a palliative measure.
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