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Esophageal Preservation in Five Male Patients
After Endoscopic Inner-Layer Circumferential Resection
in the Setting of Superficial Cancer: A Regenerative
Medicine Approach with a Biologic Scaffold
Stephen F. Badylak, D.V.M., Ph.D., M.D.,1,2 Toshitaka Hoppo, M.D., Ph.D.,3 Alejandro Nieponice, M.D., Ph.D.,1,2,4
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As a result of injury caused by chronic gastroesophageal reflux, Barrett’s esophagus with high-grade dysplasia and
esophageal adenocarcinoma are rapidly increasing problems in the United States. The current standard of care
involves esophagectomy, a procedure associated with a high morbidity, a negative impact on long term quality of
life, and a mortality rate of 1–6 percent. An entirely endoscopic technique for circumferential, long segment en bloc
removal of the mucosa and submucosa with subsequent placement of a biologic scaffold material that promotes a
constructive remodeling response and minimizes stricture is described herein. The results of this approach are
reported for five patients with 4–24-month follow-up. Restoration of normal mature, K4 +/K14 + , squamous
epithelium, and return to a normal diet without significant dysphagia is reported for all patients. Two of five
patients show a small focus of recurrent Barrett’s esophagus at the gastroesophageal junction, but the entire length
and circumference of the reconstituted esophageal mucosa remains free of disease. This experience provides
evidence that a regenerative medicine approach may, for the first time, enable aggressive endoscopic resection of
early stage neoplasia without the need for esophagectomy and its associated complications.

Introduction

T

he incidence of Barrett’s esophagus and esophageal
adenocarcinoma is dramatically increasing and esophageal cancer has become the world’s sixth leading cause of
cancer death.1,2 Esophageal resection has been challenged as
a treatment for high-grade dysplasia (HGD) with intramucosal cancer because lymph node involvement is unlikely
( < 5%),3–5 and morbidity and mortality rates associated with
esophagectomy are substantial.6–8 However, early stage lesions have the potential to become lethal and are only curable if completely removed.9 Surveillance and screening
programs have increased the number of patients detected
with early stage disease10,11 and interest in less invasive endoscopic treatments has grown in parallel with early diagnosis. Currently available endoscopic techniques have
significant limitations. Photodynamic therapy has been
abandoned by many centers due to photosensitivity-related
side effects, recurrent disease, uncontrolled depth of ablation, and subsequent stricture formation.12,13 Early results of

radiofrequency ablation in the treatment of dysplasia have
been encouraging, but just as with photodynamic therapy
there is no specimen available for histopathologic examination, which precludes accurate staging of the cancer. With
these approaches, patients are committed to a lifetime of
surveillance endoscopy and the need for subsequent interventions.13–15
The use of endoscopic resection (ER) has generated excellent results in the treatment of HGD and early adenocarcinoma with an extrapolated 5-year survival rate of 98% in
highly selected patients,6,16 and permits the complete histopathologic examination of the resected lesions.17 However,
disease recurrence secondary to synchronous or metachronous cancers is common and requires frequent surveillance
endoscopies with the need for subsequent ER and combination therapy with radiofrequency ablation.18,19
Furthermore, current ER techniques are limited by a
maximum nodule size of 20 mm, necessitating piecemeal
resections of larger lesions with a compromised histologic
assessment of lateral resection margins. Circumferential
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lesions require a repeated stepwise approach to prevent
stricture formation with the need for multiple procedures
and exhaustive follow-up.20,21 Recent studies have shown
that successive ER can successfully eliminate neoplasm in
*97% of patients. However, the lesions are generally limited
to < 5 cm, and up to 50% of patients develop a symptomatic
stricture that requires endoscopic dilation.17,20,21 A strategy
that would enable en bloc resection and histopathologic
evaluation of a full circumference of mucosa and submucosa
with minimal risk of stricture would represent a quantum
leap forward in the treatment of Barrett’s associated esophageal neoplasia. A preclinical study recently showed that
endoscopic en bloc sleeve resection of the entire esophageal
inner layers is possible in swine with reasonable operative
time and no complications, but there is still a need for secondary treatment to promote constructive remodeling of
the resected mucosa and submucosa without stricture
formation.22
Biologic scaffold materials composed of xenogeneic
extracellular matrix (ECM) have been investigated extensively in the context of regenerative medicine for their ability
to modify the default tissue healing response in numerous
anatomic sites.23–31 including the esophagus.7,32–34 In a preclinical model, critically sized, circumferential defects could
be repaired with minimal stricture formation and nearnormal restitution of the esophageal histomorphology if
adjacent autologous muscle tissue was placed in direct
apposition to the ECM scaffold at the time of surgery.33
A follow-up preclinical study of esophageal transection
that was designed to reinforce the anastomosis of a ‘‘gastric
pull-up’’ procedure showed restoration of a mature epithelium and regeneration of muscle tissue that bridged the gap
between the native muscle tissue on either side of the surgical transection site.7 Most recently, the successful use of
ECM has been extended to a preclinical model of aggressive
ER such as that proposed for treatment of Barrett’s disease.34
Based upon these preclinical findings, five patients with
either Barrett’s esophagus and multifocal HGD and/or
mucosal adenocarcinoma were treated with long segment,
circumferential sleeve resection of the mucosa and submucosa and placement of an ECM scaffold material over the site
of the resected tissue.

Materials and Methods
Patient history
Five patients with advanced esophageal pathology and
limited therapeutic options were selected for circumferential
ER. All patients had a hiatal hernia and associated gastroesophageal reflux disease.
The first patient was a 65-year-old man who presented with
heartburn and regurgitation and was found to have Barrett’s
esophagus and HGD. History was significant for back and leg
pain and a myocardial infarction in the 1980s for which the
patient was treated with coronary artery bypass surgery.
Coronary artery stents were placed in 1990s for recurrent
disease and he also underwent left carotid endarterectomy.
The patient was a current cigarette smoker with a 100-packyear history and had a history of alcohol abuse. Because of
these comorbidities, he was not a candidate for esophagectomy. Upper endoscopy showed a 5-cm-long, circumferential region of nodular Barrett’s mucosa with extensive
multifocal HGD and features suspicious for adenocarcinoma.
Endoscopic ultrasound (EUS), positron emission tomography/
computed tomography (PET/CT) showed no evidence of
lymph node involvement or distant disease.
The second patient was a 54-year-old man with a history
of a 6-cm-long circumferential Barrett’s esophagus that had
been followed by surveillance endoscopy. He developed
HGD and mucosal adenocarcinoma and was initially treated
with ER and several rounds of radiofrequency ablation; despite these measures, he developed recurrence of HGD. This
patient declined esophagectomy. EUS and PET/CT were
negative for extra-esophageal disease.
The third patient was a 60-year-old man with a 15-cmlong nodular Barrett’s esophagus with HGD and mucosal
adenocarcinoma that was initially treated with photodynamic therapy, single-site ER, and radiofequency ablation on
multiple occasions, and developed recurrent disease. He had
a history of severe chronic obstructive pulmonary disease
and pulmonary embolism, and was not a candidate for
esophagectomy. EUS and PET/CT were negative for lymph
node involvement or distant disease.
The fourth patient was a 63-year-old man who presented
with heartburn since coronary bypass surgery 13 years pre-

Table 1. Case Summary for Each of the Four Patients
Age
(years)

Sex

Initiala
Barret lesion

1

65

M

C5M5

Multiple ER

2

54

M

C5M6

Multiple ER/
RFA

3

60

M

C15M15

4
5

63
68

M
M

C9M9
C6M6

Multiple ER/
RFA/PDT
None
Multiple ER/
RFA

Case no.

Previous
treatment

Lesion
at procedure

Length
of resection

Hospital
stay (days)

Perioperative
complication

C2M2 with islands
and nodules
Two islands
with nodularity
at 35 cm, stricture
at 37 cm
Several islands
over 11 cm
C9M9
C1M7 with multiple
isolated islands

8 cm

1

None

8 cm

3

Left ear/thigh
compression

13 cm

21

10 cm
8 cm

4
9

3-cm muscular
tear
Small perforation
Stent migration
(day 5)

a
C&M Prague classification: C, circumferential extent of Barrett’s segment; M, maximal proximal extent of Barrett’s segment or tongue(s).
ER, endoscopic resection; RFA, radiofrequency ablation; PDT, photodynamic therapy.
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viously. Surveillance endoscopy showed 9-cm-long segment
Barrett’s esophagus with HGD and mucosal adenocarcinoma. EUS showed no lymph node involvement. PET/CT
showed no metastatic lesions.
The fifth patient was a 68-year-old man with a history of
heartburn. Surveillance endoscopy showed a 6-cm-long segment circumferential Barrett’s esophagus with HGD, which
was treated by five sessions of radiofrequency ablation and
ER. Histologic examination of biopsies from the last ER
specimens showed intramucosal adenocarcinoma within a
background of HGD. EUS and PET/CT were negative for
lymph node involvement or metastatic disease.
An overview of the five case histories, including the length
of resected mucosal and submucosal tissue for each patient,
is presented in Table 1.
Surgical procedure
Endoscopic long segment, en bloc circumferential resection
of the mucosa and submucosa was performed for the entire
length of Barrett’s esophagus similar to a procedure previously described.22 An endoscopic gastrostomy tube was
placed at the beginning of the procedure. A dissection plane
between the submucosa and muscularis externa was created
by injection of sodium hyaluronate (HYALGAN) mixed with
indigo carmine and epinephrine into a site immediately distal
to the gastroesophageal junction. This site represented the
‘‘goal’’ or terminus of resection. The normal esophageal mucosa 1 cm proximal to the squamocolumnar junction represented the ‘‘entry’’ or beginning of resection.
Circumferential ER was then performed at both of these sites,
thereby defining the proximal and distal resection margins.
More sodium hyaluronate was injected and endoscopic submucosal dissection with a needle knife (Olympus America)
was performed to create a 9 mm diameter submucosal tunnel
along the entire length of the specimen. The bridging vessels
between the submucosal layer and the muscular layer were
cauterized using hemostat forceps. The creation of 2–3 submucosal tunnels was performed leaving the attachments between each tunnel for counter-traction. A proximal,
circumferential cuff of mucosa and submucosa was then developed over a 2 cm length using this dissection technique. A
small-diameter plastic cable was passed retrograde through
the gastrostomy tube, retrieved endoscopically, and exited
orally. A 9.5-mm olive-shaped cap was attached to the oral
side of the plastic cable and this was subsequently secured to
the tissue cuff using an endoscopic suture loop applicator
(Olympus America). Drawing back on the plastic cable at the
site of the gastrostomy facilitated inversion of a sleeve of attached mucosal and submucosal layers. Using this technique,
the remaining attachments were stripped away from the
muscularis externa, thereby freeing the entire sleeve of tissue.
The specimen was then retrieved through the mouth (Fig. 1).
The inversion approach was converted to overlapping ER if
severe submucosal adhesions were encountered as a result of
prior treatments such as ER and radiofrequency ablation.
Following resection, the exposed muscular layer was
covered with a biologic scaffold material composed of xenogeneic ECM derived from porcine small intestine (Surgisis;
Cook). Using a ‘‘wall paper’’ technique, the ECM was secured into position with a radially expanding intralumenal
stent (Ultraflex; Boston Scientific). A flat sheet of ECM was

FIG. 1. Left panel shows the inversion technique. Drawing
back on the plastic cable at the site of the gastrostomy facilitates inversion of a sleeve of attached mucosal and submucosal layers. Using this technique, the remaining
attachments are stripped away from the muscularis externa,
thereby freeing the entire sleeve of tissue. The sleeve is then
retrieved and exited through the mouth. The right panel
demonstrates a 13-cm-long sleeve of esophageal inner layers
removed from patient no. 3. The tube shaped sleeve was
split longitudinally for subsequent fixation and histopathologic processing. Color images available online at www
.liebertonline.com/tea

tubularized to a diameter of 3 cm and placed around the
collapsed stent and insertion catheter. The stent was deployed under combined fluoroscopic and endoscopic guidance resulting in gentle compression of the ECM against the
muscularis externa. The stent was removed between 9 and 18
days after ER leaving the now incorporated ECM in position.
Endoscopic follow-up was performed every 2–3 weeks following removal of the stent (Fig. 2). A video of the procedure
can be found in Supplementary Movie S1.
Biopsy and histopathology
Esophageal mucosal biopsies were taken from patients 1–5
at 55, 27, 18, 13, and 16 weeks postoperatively, respectively.
The biopsy specimens were placed directly into formalin,
fixed for *24 h and subsequently embedded in paraffin.
Serial 5-mm sections were cut for hematoxylin and eosin
staining and immunolabeling. Hematoxylin and eosin
staining was performed using the Leica Autostainer XL
(Leica Microsystems). Immunolabeling for cytokeratin 14
(K14), a basal cell marker, was conducted with the primary
antibody at 1:200 dilution (clone LL002; Novocastra). Labeling for cytokeratin 4 (K4), a suprabasal cell marker, was
conducted with the primary antibody at 1:200 dilution (clone
6B10; Abcam).35 Mouse immunoglobulin G and tris buffered
saline were used as controls. Antigen retrieval was conducted by incubating slides in 10 mM citrate buffer (pH 6) for
20 min at 95C. Red and green fluorescent tags were attached
to the K14 and K4 secondary antibodies, respectively.
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FIG. 2. Representative endoscopic views of each stage in the procedure and follow-up. (Upper row) Left: 8-cm-long circumferential muscularis externa was exposed after inversion and resection of the entire sleeve of mucosal and submucosal
layers. Middle: the stent was deployed resulting in the gentle compression of ECM against the entire exposed mucsularis
externa. Right: 2-week follow-up, immediately after the stent removal. ECM could be seen firmly attached to the area of
resection. (Bottom row) Left: 5-week follow-up, the ECM was no longer visible and the resected area was completely covered by
squamous epithelium. Middle: 10-month follow-up. The entire esophageal mucosa appeared normal with soft, short segment
circumferential strictures. Right: 13-month follow-up. The entire resected area was covered by normal esophageal epithelium
without stricture formation. ECM, extracellular matrix. Color images available online at www.liebertonline.com/tea

Results
Patient 1
Multiple ER and endoscopic submucosal dissection were
performed including an 8-cm circumferential segment of
mucosa and submucosa, followed by ECM scaffold and stent
deployment. The stent was carefully removed after 17 days
and the biologic scaffold could be seen firmly attached to the
area of resection. At 5 weeks, the scaffold was no longer visible and the operative field was completely covered by
squamous epithelium. The patient was clinically asymptomatic and there were no signs of esophageal stricture. At 3
months, the entire esophageal mucosa appeared normal with
a soft, short segment circumferential stricture identified at the
gastroesophageal junction. The 9.8-mm endoscope was able to
traverse this narrowing without difficulty. Dilation of the
stricture to a diameter of 20 mm was easily achieved. A biopsy
of the neoepithleum at 55 weeks post surgery showed normal
squamous mucosa. Immunolabeling studies showed a normal
distribution of K4 + and K14 + keratinocytes (Fig. 3). Although
a small focus of recurrent intestinal metaplasia was identified
at the gastroesophageal junction during post-surgical surveillance at 4 weeks, neither recurrent dysplasia nor adenocarcinoma has been identified in any postsurgical endoscopic
surveillance biopsies. At 24 months, the patient is disease free
and consuming a normal diet without dysphagia.
Patient 2
A preprocedure upper endoscopy showed two islands of
Barrett’s esophagus with nodularity and a nonobstructing circumferential stricture caused by prior endoscopic therapy. An
endoscopic gastrostomy tube was placed and an 8 cm cir-

cumferential resection was performed using the inversion
technique described previously. Submucosal scar tissue was
present at the level of stricture. ECM and stent were deployed
to cover the entire resected area. After 9 days, the stent was
removed without difficulty and partial neo-epithelialization
was observed. Mild dysphagia without weight loss was reported at 6 weeks and upper endoscopy revealed a < 1 cm
high-grade stricture at the interface between the proximal resection margin and untreated esophagus. The stricture was soft
and easily dilated. During follow-up monitoring, dilation of
this region was performed three subsequent times although no
symptoms of dysphagia were reported. A biopsy of the neoepithelium at 27 weeks postsurgery showed normal squamous
mucosa with normal distribution of K4 + and K14 + keratinocytes (Fig. 3). No Barrett’s esophagus, dysplasia, or adenocarcinoma has been identified in any postsurgical endoscopic
surveillance biopsies. At 11 months postprocedure, the patient
remains disease free with no dysphagia or weight loss.
Patient 3
An endoscopic gastrostomy tube was placed and a 13-cm
en-bloc circumferential resection was performed using the inversion technique described previously. A 3-cm tear of the
muscular layer occurred during the inversion and stripping
maneuver and this was likely secondary to dense scarring between submucosa and muscularis externa from prior endoscopic therapy. Two stents with their corresponding ECM
sheets were placed in tandem to cover the resected area.
A contrast study showed no leak as a result of the muscle tear.
The patient required mechanical ventilation for 4 days because
of postoperative respiratory failure due to exacerbation of
chronic obstructive pulmonary disease and he was successfully
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FIG. 3. Diagnostic biopsy (top row), postoperative biopsy (second row), K4 immunolabeling (third row), and K14 immunolabeling images from each of the four patients. The number of weeks indicated at the bottom of the figure represents the
time at which the postoperative biopsy was taken. The diagnostic biopsies all show adenocarcinoma. The postoperative
biopsies show replacement of the ECM scaffold with mature, differentiated squamous epithelium. Scale bars represent
100 mm. Color images available online at www.liebertonline.com/tea
extubated on day 5. At 4 weeks postprocedure, the stents were
endoscopically removed under direct visualization without
difficulty. There was a 2-cm length of muscularis externa
located at the level of the gastroesophageal junction that had
not been covered by ECM and a nonobstructing stricture was
noted and dilated. Neo-epithelialization was present in the
remaining length of the resection. At 6 weeks, mild dysphagia
was reported and upper endoscopy demonstrated stricturing
at the level of the gastroesophageal junction, which was not
covered by ECM; this region required six subsequent dilations.
A biopsy of the neoepithelium at 18 weeks postsurgery showed
normal squamous mucosa including K4 + and K14 + keratinocytes (Fig. 3). Neither recurrent Barrett’s dysplasia nor adenocarcinoma has been identified in postsurgical endoscopic
surveillance biopsies. At 9 months the patient is disease free
and tolerating a normal diet without dysphagia or weight loss.

study showed no leakage at the perforation site. After 18
days, the stents were endoscopically removed under direct
visualization without difficulty. Neo-epithelialization was
observed along the entirety of the resected area and the small
perforation was healed. Endoscopic follow-up at 26 days
showed a focal stricture that was dilated. The stricture was
< 1 cm in length and located at the interface between the
proximal resection margin and untreated esophagus. This
region required three subsequent dilations. A biopsy of the
neoepithelium at 13 weeks postsurgery showed normal
squamous mucosa with normal K4 + and K14 + labeled
keratinocytes (Fig. 3). In postsurgical endoscopic surveillance
biopsies at the gastroesophageal junction, there is a focus of
recurrent Barrett’s esophagus with dysplasia. There is no
recurrent adenocarcinoma. At 8 months the patient is tolerating a normal diet without dysphagia or weight loss.

Patient 4

Patient 5

An endoscopic gastrostomy tube was placed and a 10-cm
en-bloc resection was performed. A small perforation was
noted next to the gastroesophageal junction. Two stents with
their corresponding ECM sheets were deployed to cover the
entire resected area and the small perforation. A contrast

A preprocedure upper endoscopy showed multiple isolated
islands of Barrett’s esophagus without any obvious nodules
and a nonobstructing, segmental stricture likely caused by
prior endoscopic procedures. An endoscopic gastrostomy
tube was not placed and an 8-cm en-bloc circumferential re-
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section was performed using the inversion technique described previously. One stent with its corresponding ECM
sheet was deployed to cover the entire resected area. On the
postoperative day 5, the stent migrated into the stomach and
was replaced with a new stent with ECM. On day 19, the stent
was endoscopically removed under direct visualization
without difficulty. There was a 1-cm length of muscularis
externa located at the level of the gastroesophageal junction
that had not been covered by ECM and a nonobstructing
stricture was noted at that location and was dilated. Neoepithelialization was present in the remaining length of the
resection that had been covered by ECM. On day 21, the patient presented with dysphagia. Upper endoscopy showed a
2-cm length of stricture at the gastroesophageal junction due
to postoperative edema and an impaction of esophageal mucosal debris. This stricture was dilated. On day 26, repeat
upper endoscopy showed a 1-cm length of stricture at the
gastroesophageal junction. This stricture required nine subsequent dilations and all stricture recurrences were at the only
site that had not been originally covered by the ECM sheet. A
biopsy of the neoepithelium at 16 weeks postsurgery showed
normal squamous mucosa with normal distribution of K4 +
and K14 + keratinocytes (Fig. 3). During follow-up endoscopy, neither recurrent Barrett’s esophagus nor adenocarcinoma has been identified. At 4 months the patient is tolerating
a normal diet without dysphagia or weight loss.
Discussion
This article describes both a new endoscopic technique for
en bloc sleeve resection of the esophageal mucosa and submucosa and a regenerative medicine approach to restore the
functional inner layers of the esophagus with minimal
stricture. The outcome of the first five patients in which this
combined approach was used is described with a postoperative follow-up of 4–24 months. The biopsy specimens obtained from these five patients showed nearly complete
mature esophageal squamous epithelium in place of the
ECM scaffold material as early as 4 months postsurgery.
Avoiding esophagectomy is highly dependent upon the
knowledge that the tumor has not penetrated through the
submucosal layer and that the lymph nodes are free of disease. Assurance that the cancer has remained superficial
becomes challenging in the presence of multifocal HGD and
current endoscopic techniques fail to fully address this
problem by their destructive nature or the inability to obtain
wide tissue margins. The en bloc circumferential inner layer
resection described herein provides the necessary tissue to
accurately assess the extent of pathology.
Stricture is a common result of esophageal mucosal resection that involves 50%–70% of the circumference.17,36,37
Circumferential, long segment inner layer resection as described in these patients would be expected to uniformly
cause severe long segment stricture. Given the fact that only
the portion of stripped esophagus that was not covered by
ECM formed stricture and required dilation, the ECM
placement clearly had a beneficial effect upon the host response such that intractable stricture was avoided and constructive remodeling was facilitated. These findings parallel
those found in preclinical animal studies.32,33
The mechanism(s) by which a biologic scaffold composed
of non-crosslinked ECM can alter the default esophageal
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response to injury are partially understood. Preclinical
studies have shown that modulation of the innate immune
response, specifically the macrophage phenotype, and the
recruitment of endogenous stem and progenitor cells to the
site of scaffold placement are important factors.38–40 Sequential biopsy specimens were not collected from these
patients because avoidance of additional trauma to the mucosa, especially during the early remodeling phase, was
more important than examining the microscopic appearance
and risking stricture formation. However, studies of ECM
scaffold remodeling in preclinical animal models of body
wall replacement show that a robust mononuclear cell infiltrate occurs in the 4–28 day postsurgical period and that
these cells represent a predominantly M2 macrophage phenotype.38,41 The M2 phenotype is associated with a constructive tissue rebuilding response rather than the typical
proinflammatory response mediated by the classically activated M1 macrophage phenotype.42,43 The absence of an
adverse immune response to xenogeneic scaffold materials
(i.e., typically porcine origin) such as Surgisis has been previously reported44,45 and is thought to be a result of the high
degree of homology among the matrix molecules across
different species and the alternatively activated innate immune response.46,47
The surgically placed ECM scaffold could not be identified
in any of the patients by 2 weeks following stent removal, a
finding consistent with the reported rapid degradation of
such scaffold materials in radioisotope studies conducted in
preclinical animal models.48 Preclinical work also suggests
that scaffold degradation results in the formation of cryptic
peptides that are potent chemoattractants for endogenous
stem and progenitor cells that may contribute to the constructive remodeling process.39,40,49 These mechanisms were
not investigated in these first five patients but represent an
important area of future work.
The five patients included in this report continue to experience reflux-induced esophageal injury as a result of hiatal hernia and a defective lower esophageal sphincter.
Barrett’s esophagus is considered a downstream complication of chronic reflux50 and it is therefore important to note
that although this approach represents a potential treatment
for Barrett’s associated neoplasia, it does not correct a major
contributing factor to recurrent pathology; that is, gastroesophageal reflux. It is likely because of this continued injury
that some of the patients in this report have recurrent Barrett’s esophagus at the level of the gastroesophageal junction,
the region closest to the caustic effects of gastric fluid. It is
reasonable that follow-up surgical correction of gastroesophageal reflux should be considered to prevent recurrent
disease. In the present report, all patients had intramucosal
adenocarcinoma in the background of HGD, which required
resection of the neoplastic tissue rather than anti-reflux surgery. All five patients happen to be male, but this sex bias is
simply a matter of chance and not deliberate patient selection. There is no preclinical data to suggest that an identical
response would also be found in females. In fact, almost all
preclinical studies were conducted in female animal models.
Conclusion
A minimally invasive endoscopic procedure for treatment
of Barrett’s esophagus with HGD and mucosal adenocarci-
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noma is possible when combined with the use of a biologic
scaffold material to promote reconstruction of functional
esophageal mucosa. Esophagectomy with its associated
morbidity and mortality can be avoided in selected patients
with HGD and mucosal adenocarcinoma.
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