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Abstract

AIM: To report the prevalence of Subsquamous intes-
tinal metaplasia (SSIM) in patients undergoing endo-
scopic mucosal resection (EMR) for staging of Barrett’s
esophagus (BE).

METHODS: Thirty-three patients with BE associated
neoplasia underwent EMR at our institution between
September 2009 and September 2011; 22 of these
patients met study inclusion criteria. EMR was targeted
at focal abnormalities within the BE segment. EMR was
performed in standardized fashion using a cap-assisted
band ligation technique, and resection specimens were
assessed for the presence of SSIM. Demographic and
clinical data were analyzed to determine predictors of
SSIM.
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RESULTS: SSIM was detected in 59% of patients.
SSIM was detected in 73% of patients with short seg-
ment (< 3 cm) BE, and in 45% of patients with long-
segment (= 3 cm) BE (P = NS). There was no asso-
ciation between presence/absence of SSIM and age,
gender, or stage of BE-associated neoplasia.

CONCLUSION: EMR detects SSIM in a majority of
patients with BE-associated neoplasia. While the long-
term clinical significance of SSIM remains uncertain,
these results highlight the importance of EMR as an
optimal diagnostic tool for staging of BE and detection
of SSIM, and should further limit concerns that SSIM is
purely a post-ablation phenomenon.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Barrett esophagus; Barrett epithelium; En-
doscopy; Esophageal cancer; Pathology

Core tip: Subsquamous intestinal metaplasia (SSIM)
is the term used to describe glandular Barrett's tissue
which is buried beneath overlying squamous mucosa
and not visible endoscopically. Esophageal forceps
which fail to contain lamina propria are of insufficient
depth to assess for the presence of SSIM. This study
of patients with Barrett’s esophagus (BE) undergoing
endoscopic mucosal resection, previously naive to en-
doscopic therapy, detected SSIM in 59% of patients.
These findings demonstrate that SSIM is a common
occurrence in the natural history of BE, and should
limit concerns that SSIM is purely a post-ablation phe-
nonomenon.
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INTRODUCTION

Barrett’s esophagus (BE) is defined as intestinal metaplasia
of the esophageal mucosa, and is recognized as the ma-
jor known risk factor for esophageal adenocarcinoma'’.
Criteria for the diagnosis of BE have typically included

the presence of endoscopically visible mucosal changes

proximal to the gastroesophageal junction, with histopa-
thology demonstrating columnar epithelium with goblet
cells. The concept of subsquamous intestinal metaplasia
(SSIM), often referred to as “buried Barrett’s”, challenges
these criteria by implying that metaplastic, glandular BE
tissue beneath intact sutface squamous mucosa may not
be endoscopically apparent, and may be detectable only
by histopathologic analysis of mucosal tissue specimens
containing lamina propria. A theoretical concern is that
SSIM may harbor neoplastic tissue which eludes standard
endoscopic surveillance.

SSIM has been teported in BE patients who have re-
ceived long-term pharmacologic acid suppression ther-
apy"”, and both before and after endoscopic therapy in
cohorts across a range of endoscopic ablation modalities
including photodynamic therapy (PDT)" and radiofre-
quency ablation (RFA)™. Estimates of the prevalence of
SSIM have varied widely across studies, with a recent sys-
tematic review indicating a prevalence ranging between
0 and 28%”. This variability may in part reflect inconsis-
tencies in biopsy technique and depth across studies.

The majority of prior studies reporting the prevalence
of SSIM have been based on mucosal specimens ob-
tained by forceps biopsy, with the high-end estimate (28%o)
originating from a study of endoscopic mucosal resec-
tion (EMR). EMR, frequently employed for staging of
BE-associated neoplasia, offers both a greater depth and
surface area of tissue acquisition when compared with
forceps biopsies, and therefore may have a higher yield
for detection of SSIM. Our hypothesis was that prior re-
ports have underestimated the prevalence of SSIM, and
the aim of this study was to determine the prevalence of
SSIM in patients undergoing EMR for staging of BE.

MATERIALS AND METHODS

Approval to conduct this retrospective study was granted
by the Vanderbilt University Institutional Review Board.
A database query was performed to identify patients with
BE who had undergone EMR between September 2009
and September 2011. Clinical and endoscopic data were
extracted from the electronic medical record.
Endoscopic evaluations were performed by a single
endoscopist (PY). Candidates for EMR included patients
referred for staging of BE-associated neoplasia, with
prior biopsies documenting the presence of low-grade
dysplasia (LGD), high-grade dysplasia (HGD), and/or
adenocarcinoma within the BE segment. EMR is per-
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Figure 1 Esophageal endoscopic mucosal resection specimens demon-
strating two morphologic subtypes of subsquamous intestinal metaplasia.
A: Subsquamous intestinal metaplasia (SSIM) with no direct extension to the
mucosa; B: SSIM penetrating through the overlying squamous epithelium and
onto the luminal surface.

formed as previously described”. EMR are performed
with a cap-assisted device (Duette Multi-Band Muco-
sectomy, Cook Medical, Limerick, Ireland). Resections
are completed using a snare at a blended current setting
(ERBE VIO 200-S electrosurgical unit, set to snare hot
biopsy mode with coag effect 1 and maximum Watts 20).
If necessary, piecemeal EMR is repeated until the target
area has been resected.

The pathology laboratory is notified of specimen
submission, and specimens are sectioned in order to
preserve tissue orientation and architecture. Formalin-
fixed and paraffin-embedded specimens are reviewed by
two expert gastrointestinal pathologists (CS and MKW)
as previously described'”. In cases of dysplasia, dysplasia
is graded as LGD or HGD. For adenocarcinoma, a local
stage is assigned (pT'1la, pT1b, e#.) according to American
Joint Committee on Cancer 7" edition staging manual.

For the purposes of this study, the presence of SSIM
was assessed in each EMR specimen. SSIM was defined
as glandular intestinal metaplasia within the lamina pro-
pria and without apparent continuity with surface BE.
Two morphologic subtypes were identified: (1) SSIM
with no direct extension to the mucosa (Figure 1A); and
(2) SSIM with glands penetrating through the overlying
squamous epithelium and onto the luminal surface, sut-
rounded completely by squamous epithelium (Figure 1B).

Exclusion criteria were: (1) prior endoscopic or surgi-
cal therapy for BE; (2) the presence of invasive catcinoma
detected by histopathologic analysis of the EMR speci-
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Figure 2 Esophageal endoscopic mucosal resection specimens demon-
strating subsquamous intestinal metaplasia with high-grade dysplasia.
HGD: High-grade dysplasia.

men; and (3) the absence of squamous mucosa in the
EMR specimen. With respect to the last exclusion criteria,
by definition squamous mucosa must be present in the re-
sected in specimen in order to assess for SSIM. Therefore,
only EMR specimens obtained in proximity to the endo-
scopically visible squamocolumnar junction and including
squamous tissue were eligible for analysis. EMR specimens
obtained entirely from within a BE segment and not con-
taining squamous mucosa were therefore not included.

Descriptive and univariate statistical analysis was per-
formed using the R statistics program. A two-sided P <
0.05 was considered significant.

RESULTS

Thirty-three patients underwent EMR during the study
time period. One patient who had undergone radiofre-
quency ablation prior to EMR and one patient who had
undergone prior surgical esophagectomy were excluded.
Five patients were excluded due to the absence of squa-
mous tissue in the EMR specimen. An additional four pa-
tients were found to have invasive cancer (T'1b or greater)
and were excluded on this basis. Therefore, the final
cohort consisted of 22 subjects. These 22 patients under-
went a total of 26 EMR sessions (mean sessions 1.2 per
patient, range 1-2). Eighty-two percent of subjects were
male, and the mean age of subjects was 64 (range 41-80)
years. Mean maximum BE length among the subjects was
3.8 (range 0-12) cm. Pre-EMR histopathologic diagnosis,
based on forceps biopsies, was LGD in 5% (1/22), HGD
in 41% (9/22), intramucosal (T1a) adenocarcinoma in
36% (8/22), and invasive adenocarcinoma in 18% (4/22)
of subjects, respectively.

SSIM was detected in EMR specimens in 59% (13/22)
of patients. SSIM was detected in 73% (8/11) of patents
with short segment (< 3 cm length) BE and 45% (5/11)
of patients with long segment (= 3 cm length) BE (P =
NS). Thete was no association between presence/absence
of SSIM and age or gender. There was no association be-
tween presence/absence of SSIM and stage of neoplasia.

Of the 13 cases with SSIM, 3 (23%) contained high-
grade dysplasia in SSIM (Figure 2). Four patients under-
went two EMR sessions separated in each case by 2-3 mo
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intervals, and SSIM was present in the index EMR speci-
men in each of these patients. Adverse events of EMR
were limited to esophageal stricture requiring endoscopic
dilation in 5% (1/22) of patients; bleeding requiring
endoscopic therapy, hospital admission and packed red
blood cell transfusion in one patient; delayed bleeding re-
quiring endoscopic evaluation but no endoscopic therapy
and no transfusion in one patient; and aspiration requit-
ing hospital admission in one patient.

DISCUSSION

This study demonstrates that SSIM is present in the ma-
jority of patients undergoing EMR for staging of BE-
associated neoplasia. The prevalence of SSIM in this
cohort (59%) is considerably higher than previously
reported from tissue-based analysis. Prior studies have re-
ported prevalence of SSIM ranging between 0 and 28%"”.,
The majority of these studies were based on results of
forceps biopsies, which may underestimate prevalence of
SSIM due to inadequate sampling of the lamina propria.
A 28% prevalence rate of SSIM, often detected at or just
proximal to the squamocolumnar junction, was reported
in a prior study with EMR as the tissue sampling meth-
od”. Our findings approach the high SSIM prevalence
rate (73%) detected by optical coherence tomography
imaging in a recently reported study".

Our protocol consisted of focal EMR targeted at
specific lesions within the BE segment. Single-session
resection is confined to less than 50% of the mural
circumference, in order to limit the risk of post-EMR
stricture. These focal EMRs do not resect the entirety of
the squamocolumnar junction, as might be achieved with
a widefield EMR or endoscopic submucosal dissection
technique-therefore, it is likely that our study underesti-
mates the true prevalence of SSIM in the cohort.

This study features a systematic, regimented approach
to the staging of BE-associated neoplasia, which includes
close collaboration between an endoscopist trained in
BE endotherapy and expert gastrointestinal pathologists,
and which we believe facilitates detection of SSIM. EMR
specimens were obtained and evaluated according to set
protocol, which included use of specific electrocautery
settings. Electrocautery settings for esophageal EMR are
not standardized across practices, and may vary by en-
doscopist and institution, including use of “cut” versus
“coag” application for resection and variations in this
regard may influence the degree of thermal injury and
artifact at lateral resection margins including squamous
mucosa, potentially influencing the ability to detect SSIM
in proximity to these margins.

This study is limited by its small size and retrospec-
tive nature, which limits the ability to assess predictors of
SSIM. Details of prior duration of exposure to pharma-
cologic gastric acid suppression and extent of prior en-
doscopic biopsy surveillance of BE, both factors which
can promote ingrowth of squamous islands within BE,
are not available. The study also does not include control
groups, for instance to assess the prevalence of SSIM in
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patients with BE staged by forceps biopsy alone or the
prevalence of SSIM in BE patients without neoplasia.
The results of this study may not be generalizable to pa-
tients with BE without dysplasia ot carcinoma.

The long-term clinical significance of SSIM remains a
topic of uncertainty, particularly with respect to patients
who have undergone endotherapy for BE. Cases of dys-
plasia and adenocarcinoma arising from SSIM have been
reported following treatment of BE-associated neoplasia
with PDT!"*"" and argon plasma coagulation”. A recent
systematic review tallied a total of 34 reported cases of
neoplasia (ranging from LGD to invasive adenocarcino-
ma) arising within SSIM following BE endotherapy'®. In
some cases when neoplasia is present and involving both
surface and subsquamous structures, however, it may
be difficult to precisely and definitively implicate a subs-
quamous origin of neoplasia. In follow-up of patients
treated in a randomized study of PDT, among patients
with biopsies demonstrating recurrence of neoplasia, the
highest grade of dysplasia/cancer was always present in
surface epithelium and not contained solely in SSIM™!,

On the other hand, SSIM is phenotypically distinct
from surface BE on a molecular level. For instance, SSIM
following PDT has low Ki-67 crypt proliferation rates
and lower rates of aneuploidy when compared with pre-
treatment BE"Y, Additional alterations in biomarker ex-
pression in SSIM may be a consequence of relative pro-
tection from exposure to mutagenic gastric and bile acid
reflux". In this regard, SSIM may in theory have a lower
malignant potential than surface BE.

While the current study is not informative regard-
ing the long-term malignant potential of SSIM, it does
fundamentally alter estimates of the native prevalence
of SSIM in an endotherapy-naive cohort. This creates
a critical context for the emerging role of widespread
endotherapy for BE, as we aim to understand how en-
dotherapy alters the prevalence and natural history of
SSIM. Estimates of SSIM prevalence following BE endo-
therapy have varied widely, both within and across abla-
tion modalities. Among a randomized study of patients
treated with PDT, the prevalence of SSIM was reported
to increase from 5.8% pre-treatment to 30% at 5-years
post—treatmentm. In the AIM-Dysplasia trial, a random-
ized study of RFA plus proton pump inhibitor versus
proton pump inhibitor alone, the prevalence of SSIM in
the RFA arm was 25.2% pre-treatment, 5.1% at 12 mo
post-treatment, and 3.8% at 24 mo post-treatment'™’, A
prospective study of RFA for treatment of nondysplastic
BE, however, reported no SSIM in any of 1473 biopsy
specimens from 50 subjects at 5 years post-treatment'”,

An important variable which may influence the ability
to identify SSIM, detectable only in specimens containing
lamina propria structures, is biopsy depth following BE
endotherapy. A recent study reported that lamina propria is
present in fewer than 40% of biopsy specimens obtained
from neosquamous esophageal epithelium following BE
endotherapy'?. Given this significant limitation, the optimal
comparison would be compatison of SSIM in EMR speci-
mens pre-therapy and EMR specimens of neosquamous
epithelium post-therapy. A high-volume European center
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reported no SSIM in EMR specimens from 14 patients fol-
lowing RFA or combined EMR/RFA therapy for BE",

Yet EMR is not likely to be acceptable for routine
post-treatment surveillance of BE. As the current study
demonstrates, although EMR is well-tolerated by the ma-
jority of patients, there is a limited but real risk of adverse
events including bleeding and esophageal stricture forma-
tion. The potential need for improved means of detection
and surveillance of SSIM may present an opportunity for
endoscopic imaging modalities currently in development
and capable of detailed intraluminal imaging of subsur-
face esophageal structures, including optical coherence
tomography or optical frequency domain imaging[g’m’zo].
Ultimately, a full understanding of the clinical importance
of SSIM will be achievable only through future study
of SSIM in tissue specimens obtained from BE patients
longitudinally at multiple time points during the course of
disease™.

In summary, this study demonstrates that EMR detects
SSIM in a majority of patients with BE-associated neo-
plasia. This finding should further dampen concerns that
SSIM is a post-ablation phenomenon, and may fundamen-
tally alter our understanding of the natural history of BE.
As EMR becomes an increasingly important and widely
utilized tool in the staging and therapy of BE, further at-
tention to the detection and reporting of SSIM is necessary
in order to define the clinical significance of this variant of
intestinal metaplasia.

COMMENTS

Background

Barrett's esophagus (BE) refers to intestinal metaplasia of the esophageal mu-
cosa, and is the principal risk factor for esophageal adenocarcinoma. BE has
a characteristic salmon-colored appearance and is typically readily visible on
endoscopic inspection. Subsquamous intestinal metaplasia (SSIM) is the term
used to describe BE tissue which is buried beneath overlying squamous muco-
sa and not visible endoscopically. Esophageal neoplasia arising from SSIM has
been reported. As the use of endoscopic ablation therapies for BE has grown,
there are concerns that ablation will accelerate development of SSIM and lead
to risk of neoplasia which is invisible or elusive to standard endoscopic surveil-
lance.

Research frontiers

There are limited data regarding the prevalence and natural history of SSIM,
particularly among BE patients who have not previously undergone endoscopic
treatment. Esophageal biopsies may underestimate the prevalence of SSIM
due to limited depth of biopsy samples. The aim of this study was to assess the
prevalence of BE among patients undergoing endoscopic mucosal resection,
an endoscopic technique which allows for removal of a tissue sample of much
greater surface area and depth compared to a forceps biopsy

Innovations and breakthroughs
This is the highest reported prevalence of SSIM in patients with BE naive to
endoscopic therapy.

Applications

The finding of a high prevalence of SSIM among patients with BE may alter the
authors’ understanding of the natural history of BE, and provide an opportunity
for new technologies capable of imaging subepithelial structures to play a role
in endoscopic surveillance of BE.

Terminology

Endoscopic mucosal resection (EMR), is an esophageal tissue resection tech-
nique which has important diagnostic and therapeutic value in the endoscopic
management of Barrett's esophagus neoplasia. Subsquamous intestinal meta-

plasia (SSIM), informally referred to as “buried Barrett's”, is the term used to
describe glandular esophageal epithelium which is buried beneath overlying
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squamous mucosa and not visible endoscopically.

Peer review

In his study, Dr. Linsdell provides a review of the physiological, biophysical and
pharmacological relevance of a class of inhibitors of the CFTR channel, i.e., the
ones that directly block CI movements across the open pore. The author has to
be congratulated for this excellent work. The review is clear, well organised and
written, and with effective figures. It will be an interesting reading also for non-
experts in the field.
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