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Introduction
!

The incidence of esophageal adenocarcinoma
(EAC) is rapidly increasing in the Western world
[1,2]. Barrett’s esophagus (BE) is the most impor-
tant premalignant condition in the development
of EAC, with a known risk of malignant transfor-
mation of 0.12% to 0.4% per year [3,4]. Despite
technologic improvements in endoscopic ima-
ging, the detection and precise delineation of
neoplastic lesions in BE remain difficult. This
challenge is further increased by subsquamous
tumor (SST) extension, defined as the presence
of intestinal metaplasia or related neoplasia un-
derneath the surrounding squamous epithelium
[5]. Recent analyses of resected specimens of Bar-
rett’s adenocarcinoma have revealed SST exten-
sion in a high number of cases [6,7]. Although
the clinical impact of SST extension is still contro-
versial, because its diagnostic accessibility is lim-

ited, it interferes with the adequate pre-interven-
tional planning of endoscopic resection, especial-
ly in patients with tumors arising near the squa-
mocolumnar junction. A diagnostic modality that
might improve the visualization of lateral tumor
extension and SST extension in BE-associated
neoplasia is confocal laser endomicroscopy (CLE),
which allows the microscopic scanning of focal
points below the surface of the gastrointestinal
tract by means of fluorescence excitation with la-
ser light [8]. Initial studies on the use of CLE in pa-
tients with BE have shown high rates of sensitiv-
ity and specificity in the detection of BE and BE-
associated neoplastic changes [9,10]. This study
aimed to investigate the diagnostic benefit of CLE
for the assessment of lateral tumor extension and
SST extension in BE-associated neoplasia before
endoscopic resection, and the impact of CLE-as-
sisted endoscopic resection on patients’ clinical
outcomes.
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Background and study aims: Barrett’s esophagus
(BE)–associated neoplasia can be treated endo-
scopically, but accurate assessment before inter-
vention is challenging. This study aimed to inves-
tigate the role of confocal laser endomicroscopy
(CLE) as an adjunct in the endoscopic treatment
of BE-associated neoplasia by assessing lateral tu-
mor and subsquamous tumor (SST) extension.
Patients andmethods: In the context of a prospec-
tive, single-arm pilot clinical trial, patients re-
ferred for endoscopic resection of BE-associated
neoplasia (high grade dysplasia and esophageal
adenocarcinoma) underwent high definition,
white light endoscopy with narrow-band imaging
(NBI). Then, CLE mapping of suspected neoplastic
lesions was performed by another endoscopist,
partially blinded to the previous findings, before
the patients underwent endoscopic mucosal re-
section (EMR) or endoscopic submucosal dissec-
tion (ESD), depending on lesion size and anticipa-
ted histology.

Results: In 7 of 38 patients (18%), CLE revealed
additional neoplastic tissue compared with prior
white light endoscopy and NBI: 2 concomitant le-
sions, 2 cases of lateral tumor extension within
the Barrett’s epithelium, and 3 cases of previously
undetected SST extension. Overall, en bloc resec-
tion (tumor-free lateral margin) was achieved in
28 of 34 neoplastic lesions (82%), and complete
resection (tumor-free lateral and basal margins)
in 21 of 34 neoplastic lesions (62%).
Conclusions: CLE-assisted endoscopic resection of
BE-associated neoplasia was safe and effective in
this study, as proved by a high additional diagnos-
tic yield of CLE (including visualization of occult
SST extension) and a favorable rate of en bloc re-
section. The clinical value of CLE for assisting
endoscopic therapy of BE-associated neoplasia
deserves further evaluation in randomized con-
trolled trials.



Patients and methods
!

This prospective, single-arm pilot clinical trial was conducted at a
university-based center in Austria. The study protocol was ap-
proved by the internal review board of the Medical University of
Vienna (EK 697/2009) and was registered at clinicaltrials.gov
(NCT01124994). Patients who were referred for the endoscopic
resection of high grade dysplasia (HGD) or EAC arising in BE
were screened for inclusion in this study. HGD at referral had to
be confirmed by a reference pathologist at our institution. Pa-
tients with EAC had to undergo endoscopic ultrasonographic
(EUS) staging to exclude an advanced local tumor stage or regio-
nal lymph node metastases. Other exclusion criteria in this trial
were general contraindications to endoscopy (e.g., recent myo-
cardial infarction) or endoscopic resection (e.g., impaired coagu-
lation status), a known allergy to fluorescein (the fluorescent dye
used for CLE), and age younger than 18 years. Informed consent
was obtained in written form from patients without any of the
exclusion criteria, and they were enrolled in the study. All study
procedures were done by four experienced endoscopists with a
high level of expertise in the respective endoscopic modality.
Midazolam and/or propofol was used for conscious sedation dur-
ing the following three phases of each study procedure: (1) lesion
assessment with high definition, white light endoscopy and nar-
row-band imaging (NBI), (2) lesion assessment with CLE, and (3)
endoscopic resection. SPSS version 19.0 was used to process all
data in the context of this study.

Lesion assessment by high definition, white light
endoscopy and narrow-band imaging
At the beginning of each study procedure, upper gastrointestinal
endoscopy with a standard high definition, white light gastro-
scope (GIF-H180 with Evis Exera II processor; Olympus America,
Center Valley, Pennsylvania, USA) was performed to identify the
location and macroscopic extension of BE-associated neoplasia.
NBI was used to screen for irregular vascular patterns. Dye spray-
ing (e.g., with acetic acid) was not allowed at this point of the ex-
amination in order to avoid visual interference with the subse-
quent CLE. In patients who had a short BE segment and did not
have a large hiatal hernia, a transparent hood was attached to

the tip of the endoscope to stabilize its position in the distal
esophagus during inspection of the mucosa. Areas with macro-
scopic features suspicious for neoplasia were numbered consecu-
tively, documented by picture capturing, and marked circumfer-
entially on the pictures by the endoscopist who performed the
examination.

Lesion assessment by confocal laser endomicroscopy
Directly after high definition, white light endoscopy, the study
procedure was continued with a scope-based confocal laser en-
domicroscope (EG-3870CIFK with ISC-1000 confocal endomicro-
scopy processor; Pentax, Tokyo, Japan, and Optiscan Pty. Ltd.,
Notting Hill, Victoria, Australia). A total of 5mL of a 10% solution
of fluorescein sodium was administered intravenously to en-
hance tissue fluorescence for CLE. The lesions identified by high
definition, white light endoscopy were mapped with CLE by an-
other endoscopist, who was informed about the number and lo-
cation of the lesions but blinded to their previously assessed ex-
tension. CLE mapping was done by obtaining “optical biopsies”
(scans from the surface to maximal depth in the tissue) at the
center of each lesion, then centrifugally at each point of the com-
pass in 5-mm intervals until there was no suspicion of neoplasia
on CLE. For lesions adjacent to the squamocolumnar junction, CLE
scanning was performed in the same way, with special focus on
obtaining deeper CLE pictures underneath the squamous epithe-
lium to detect SST extension. Finally, CLE scanning was done cir-
cularly along the demarcated boarders of each lesion, whichwere
then marked by argon plasma coagulation with a VIO 200D pro-
cessor (Erbe Elektromedizin GmbH, Tübingen, Germany). As with
high definition, white light endoscopy, the final lesion size asses-
sed by CLE was documented by picture capturing. At additional
areas of BE without prior macroscopic suspicion of dysplasia,
CLE pictures were obtained, and corresponding conventional
biopsy specimens were taken with a large-capacity forceps ac-
cording to the Seattle protocol to provide dysplasia-negative con-
trols [11].

Endoscopic resection
Because of the special characteristics of the CLE scope (large di-
ameter, rigid tip), it was necessary to switch back to a standard
gastroscope for the final part of the study procedure, endoscopic
resection. Before endoscopic resection and after the topical appli-
cation of acetic acid, the entire BE segment was observed again
by both endoscopists involved in the previous lesion assessment.
Depending on the size and suspected histology of the lesions
marked by argon plasma coagulation, the following resection
techniques were used: multiband ligation (Duette; CookMedical,
Bloomington, Indiana, USA) or cap and snare (EMR Kit; Olympus)
en bloc endoscopic mucosal resection (EMR) for lesions up to 15
mm in diameter, irrespective of the underlying histology; multi-
band ligation or cap-assisted piecemeal EMR for HGD lesions lar-
ger than 15 mm; and endoscopic submucosal dissection (ESD)
with a HybridKnife (I-type or O-type with VIO 200D processor;
Erbe) for EAC lesions larger than 15mm.

Processing of the resected specimens
The fresh resection specimen was pinned onto a cork board. If a
specimencouldnot be orientedafter apiecemeal resection,multi-
ple punch biopsies were taken to evaluate the resection margins.
The tissuewas fixed in formalin; after fixation, thebasal and radial
resection margins were inked, and the entire specimen was sub-
mitted in vertical serial cross sections and oriented during paraf-

Table 1 Summary of patient characteristics.

No. Percentage

Gender, M:F 32:6 84%:16%

Median age, y (range) 69 (43–84) NA

BE surveillance program, Y:N 14:24 37%:63%

Histology at referral, EAC:HGD1 26:12 68%:32%

EUS staging of EAC (uT1m:
uT1sm)

23:3 88%:12%

Median BE length (range) C1M3
(C0M1 –
C11M12)

NA

ER type per lesion, EMR:ESD2 25:11 69%:31%

High risk after ER, Y:N3 15:19 44%:56%

Surgical therapy within follow-up,
Y:N

11:27 29%:71%

BE, Barrett’s esophagus; EAC, esophageal adenocarcinoma; HGD, high grade
dysplasia; EUS, endosonography; ER, endoscopic resection; EMR, endoscopic mucosal
resection; ESD, endoscopic submucosal dissection.
1 Upgrade of two HGDs by board-certified pathologist already considered.
2 Including one unsuccessful ESD.
3 Study patients without detectable lesions not considered.
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fin embedding. Thepathology report included the following infor-
mation: grade of differentiation; depth of invasion, indicated as
m1 (intraepithelial carcinoma), m2 (invasion of the lamina pro-
pria), m3 (invasion of the muscularis mucosae), sm1 (invasion of
the shallowest one-third of the submucosa [<500 µm]), or ≥sm2
(deeper submucosal invasion [>500 µm]); evidence of vascular in-
vasion; and assessment of the radial and deep resection margins
[12,13]. A specimenwith neoplasia-free lateralmargins and a his-
tologically confirmed lesionwas considered to be an “en bloc” re-
section. If both the basal and lateralmargins of the specimenwere
negative for neoplasia, the lesionwas classified as “completely” re-
sected. En bloc and complete resection rates were calculated for
the entire study population as well as for subgroups according to
the final histology.

Follow-up
Patients at high risk for recurrence or metastatic disease after the
endoscopic treatment of EAC – that is, those with a poorly differ-
entiated tumor (G3), tumor invasion below the upper third of the
submucosa (≥pT1sm2), lymphatic vessel invasion (L1), vascular
invasion (V1), perineural invasion (Pn1), or tumor invasion of
the basal or lateral resection margins (R1) – were evaluated for
additional surgical treatment. Patients who were not at high risk
or who should have undergone surgery but were unfit or refused
were followed endoscopically. Patients underwent upper gastro-
intestinal endoscopy with biopsy assessment according to the
Seattle protocol every 3 months during the first year after endo-
scopic resection, then annually [8]. Patients with remaining areas
of BE after endoscopic resection underwent radiofrequency abla-
tion (RFA), provided that the first endoscopic follow-up after re-
section of BE-associated neoplasia did not reveal any focal lesions
or advanced neoplasia. RFA was repeated until no histologic evi-
dence of BE was found.

Results
!

Between June 2011 and May 2013, 55 patients were screened, of
whom 38 (32 men, 6 women; median age, 69; range, 43–84)
were eventually included in the study (●" Fig.1;●" Tables 1,2).
In 14 (37%) of the 38 patients, BE-associated neoplasia had been
diagnosed in the context of endoscopic surveillance for already-
known BE. Of the 38 patients, 3 (8%) had already undergone fun-
doplication for the treatment of gastroesophageal reflux disease
(GERD), and 3 (8%) had already undergone endoscopic resection
of HGD at least 2 years previously. The underlying pathology in
the 38 study patients (after re-evaluation of all cases of HGD by
the reference pathologist) included 26 cases of EAC and 12 cases
of HGD. EUS staging showed a definite invasion of the submuco-
sal layer in 3 of the 26 patients with EAC (●" Fig.2a).

High definition, white light endoscopy; narrow-band
imaging; and confocal laser endomicroscopy mapping
High definition, white light endoscopy and NBI mapping revealed
a total of 34 lesions in 34 of the 38 patients with a median BE
length of C1M3 (range, C0M1–C11M12) according to the Prague
classification [14]. SST extensionwas visible in 3 cases, consisting
of a slightly elevated squamous epitheliumwith an irregular vas-
cular architecture (●" Fig.2b). In 4 of the 38 patients, no circum-
scribed lesion could be detected by white light endoscopy or NBI.
The mean lesion size based on macroscopic features was 14.1±
5.7mm. CLE confirmed the macroscopic size in 29 of the 34 le-
sions (including the 3 cases of SST extension already known). In
5 of the 34 macroscopic lesions, CLE led to an extension of the
endoscopically defined lesion size as a result of the detection of
neoplastic tissue outside the macroscopically estimated boar-
ders: in 2 cases lateral tumor extension within the BE and in 3
cases SST extension that had not been detected before. The in-
crease in lesion size also led to a change of the resection tech-
nique (ESD instead of EMR) in 2 patients inwhomCLE had detect-

Patients screened for possible inclusion (n = 55)

Patients undergoing eradication of remaining BE and endoscopic surveillance (n = 29)

Patients included to undergo WL-, NBI- and 
CLE-mapping (n = 38)

Patients undergoing endoscopic resection 
(n = 34)

Patients with low risk
histology (n = 19)

Patients with high risk
histology (n = 14)

6

8

2

Exclusion (n = 17)
• 6 EAC of ≥ uT2 stage at EUS
• 5 HGD not confirmed by board 
 certified pathologist
• 4 patients refused to participate
• 2 technical problems of CLE-system

Patients without lesions detected (n = 4)

Patients with no-lifting sign (n = 1)

Patients undergoing surgery (n = 11)

Fig.1 Study flow chart. EAC, esophageal
adenocarcinoma; EUS, endosonography; HGD,
high grade dysplasia; CLE, confocal laser endo-
microscopy; WL, white light; NBI, narrow-band
imaging; BE, Barrett’s esophagus.
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ed SST extension. Furthermore, CLE scanning of additional areas
of BE without prior macroscopic suspicion of dysplasia and the
adjacent squamous epithelium detected 2 concomitant lesions,
10 and 20mm in size, that had not been detected by white light
endoscopy and NBI. Histologically, one turned out to be HGD, and
the other was an early squamous cell carcinoma. Therefore, CLE
provided an incremental diagnostic yield in 7 (18%) of the 38 pa-
tients. It detected a total of 36 lesions in 34 of the 38 patients,
with a mean lesion size of 16.5±9.0mm (●" Fig.3). It failed to de-
tect the expected HGD in those 4 of the 38 patients in whom the
results of white light endoscopy and NBI had already been nega-
tive (●" Fig.2c). The topical application of acetic acid before endo-
scopic resection neither showed any visual abnormalities at the
areas with additional neoplastic tissue detected by CLE nor re-
vealed any further lesions or lesion extensions.

Endoscopic resection and histologic evaluation
Endoscopic resection was performed for the 36 detected lesions
(25 EMR, 11 ESD). One ESD could not be completed because of a
nonlifting sign, suspicious for T2 tumor stage (later confirmed by
surgery). All other endoscopic resections could be completed
without technical issues. Bleeding in 13 (38%) of 34 patients was
the only interventional adverse event but could be managed by
argon plasma coagulation and/or clipping in all cases.
Histologic evaluation of the resected specimens revealed 22
cases of EAC (half of them showing invasion of the submucosa),
8 cases of HGD, 3 cases of low grade dysplasia (LGD), 1 squa-
mous cell carcinoma (in a patient with concomitant EAC), and
1 BE without dysplasia (●" Fig.4). The 6 cases of SST extension
detected previously were confirmed by histology. Of the 34 neo-
plastic lesions proven by histology, an en bloc resection was
achieved in 28 (82%) and a complete resection in 21 (62%).
These rates differed among the histologic subgroups (●" Table
3). After CLE evaluation, 31 conventional biopsy specimens
were taken from supposedly nondysplastic BE in 19 patients
with BE extension larger than C0M2.Histologically, 28 of the 31
biopsy specimens showed BE without dysplasia, and 3 of the 31
showed LGD.
The 4 patients without lesions detected bywhite light endoscopy,
NBI, or CLE presented with C0M2, C0M2, C2M4, and C6M6 BE. To
avoid overtreatment, only the 2 patients with noncircular BE un-
derwent endoscopic resection by EMR. The others underwent
another biopsy according to the Seattle protocol and RFA there-
after. Both the resected specimens and biopsy specimens re-
vealed only BE without dysplasia.
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Table 3 Resection rates according to the final histologic result.

No. lesions En bloc

resection

rate, %

Complete

resection

rate, %

Low grade dysplasia 3 100 100

High grade dysplasia 8 100 100

EAC T1m31 11 73 64

EAC T1sm11 6 67 50

EAC ≥ T1sm2 5 80 0

SCC 1 100 0

Total 34 82 62

EAC, esophageal adenocarcinoma; SCC, squamous cell carcinoma.
1 At least (possible invasion of deeper structures).
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Fig.3 Confocal laser endomicroscopy. a Non-
dysplastic Barrett’s esophagus. b Barrett’s esopha-
gus with high grade dysplasia. c Esophageal adeno-
carcinoma. d Nondysplastic squamous epithelium.
e Subsquamous extension of esophageal adeno-
carcinoma. f Squamous cell carcinoma.

Fig.2 Staging, mapping, and follow-up. a Endo-
sonography showing tumor invasion of the sub-
mucosal layer. b Irregular surface and vessel
structure in an adenocarcinoma with subsquamous
tumor extension on narrow-band imaging.
c Barrett’s esophagus without detectable lesions.
d Esophageal stricture after endoscopic resection.
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Post-interventional follow-up
After the endoscopic intervention, 12 (32%) of the 38 study pa-
tients reported moderate retrosternal pain, which could be man-
aged with analgesics. The median post-interventional hospital
stay was 1 day (range, 1–3). Hematemesis occurred on day 14
and day 16 after en bloc EMR and ESD, respectively, in 2 patients.
In both patients, re-endoscopy revealed an ulcer with fibrin cov-
erage at the site of the previous endoscopic resection but no ac-
tive bleeding. In the context of this study, no early or delayed per-
foration was noticed. Of the 38 patients, 5 (13%) reported diffi-
culty swallowing solid food at the first clinical assessment within
3 weeks after the endoscopic intervention. In 1 patient, this
symptom persisted at 4 weeks after the intervention. Re-endos-
copy revealed a stricture at the esophagogastric junction (where
EMR had been performed almost circularly for HGD;●" Fig.2d).
This stricture was treated successfully during a single session of
dilation with Savary–Gilliard bougies.
According to the final histologic results, 15 of the 38 study pa-
tients were considered to be at high risk for recurrence or meta-
static disease. After individualized risk–benefit assessments, 9 of
these patients (including the patient with the nonlifting sign dur-
ing ESD) immediately underwent additional surgical therapy.
The other 6 patients at high risk were followed endoscopically,
along with the 23 patients in whom histology had revealed a
low risk situation (●" Fig.1). During this follow-up, 12 patients

with residual nondysplastic BE after endoscopic resection under-
went a median number of 2 RFA sessions (range, 1–3) for BE era-
dication. Advanced neoplasia was diagnosed at endoscopic fol-
low-up in 4 patients in the high risk group and 2 patients in the
low risk group (3 with HGD after 2, 14, and 16months and 3 with
EAC after 5, 8, and 8 months, respectively). Consequently, 2 pa-
tients of the high risk group underwent surgery (because of EAC
with lymphatic vessel and deep submucosal invasion, respective-
ly). The other patients underwent successful endoscopic treat-
ment. After a median follow-up time of 13 months (range, 6–
30), 24 patients were still being followed endoscopically (2 pa-
tients had died because of a nonrelated reason after 25 and 26
months, respectively, and 1 patient was lost to follow-up after 6
months).

Discussion
!

This is the first prospective study that systematically used CLE to
investigate lateral and subsquamous tumor extension in BE-asso-
ciated neoplasia. This diagnostic approach, including the intrave-
nous administration of fluorescein, was well tolerated and distin-
guished “neoplasia” from “no neoplasia” in almost all cases, as
proved by the histologic analysis of resected specimens and con-
ventional biopsy specimens. Compared with the macroscopic ap-

Fig.4 Hematoxylin and eosin staining of histologic
sections after endoscopic resection. a Nondysplas-
tic Barrett’s esophagus. b Barrett’s esophagus with
high grade dysplasia. c Esophageal adenocarcinoma
(pT1m3). d Subsquamous extension of esophageal
adenocarcinoma. e Detail of image in d.
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pearance of lesions on high definition, white light endoscopy and
NBI, the CLE findings provided an incremental yield in 7 (18%) of
38 patients. Nevertheless, CLE failed to identify HGD in 4 patients
without macroscopic lesions within BE. This finding is consistent
with recent publications showing only moderate sensitivity rates
for cancer surveillance by CLE in patients with BE (in contrast to
the initial studies already mentioned) [15,16]. If one considers
that the field of view provided by CLE is 5×5µm, this may not be
a surprising finding.
In this study, SST extension was detected before endoscopic re-
section in 6 (16%) of 38 patients. Half of them were identified
only by CLE (●" Fig.3e) and later confirmed by conventional his-
tology (●" Fig.4d,e). According to the literature, attempts have
beenmade to improve the visualization of SST extension by using
chromoendoscopy with acetic acid and magnifying endoscopy
with NBI [17,18]. However, systematic studies of SST extension
are still lacking, although it has been reported to occur frequently
in BE-associated neoplasia, admittedly affecting only a few milli-
meters in most cases. Concerning its clinical relevance, it should
be stated that the detection of SST extension by CLE led to a
change in the resection technique for 2 patients in this study
(ESD instead of EMR). Based on the histologic assessment of these
2 patients, it must be assumed that without prior CLE, the exten-
sion of these lesions would have been underestimated, resulting
in partial endoscopic resection.
In general, the endoscopic resection of BE-associated neoplasia
proved to be safe and effective in this study, as shown by the
good long-term follow-up results. The en bloc resection rate was
good (82%) for all underlying histologic types (●" Table3). This
rate compares well with those in previous publications on the
endoscopic resection of BE-associated neoplasia, which have re-
ported en bloc resection rates of approximately 60% to 100%
[19–21]. On the other hand, the complete resection rate was
onlymoderate in this study, whichmust be attributed to the con-
siderably high proportion of patients with EAC involving the sub-
mucosal layer. This finding could not be anticipated by EUS stag-
ing, which identified only 3 (27%) of 11 cases of EAC with histo-
logically proven submucosal invasion. Similar results have been
reported in previous studies [22,23].
Although CLE in itself is not a red flag technique, its use allowed
us to identify 2 additional lesions during the systematic examina-
tion of additional BE segments and the surrounding squamous
epithelium. However, these findings may be attributed to chance
rather than to the specific diagnostic features of CLE because a
conventional biopsy protocol might also have detected the le-
sions. Nevertheless, the cases nicely demonstrate that the on-
site histologic feedback provided by CLE can be integrated into
the planning for immediate endoscopic resection, which may re-
duce the number of repeated interventions, especially in view of
the high prevalence of metachronous neoplasia in dysplastic BE
[24].
The uncontrolled design and limited sample size may be consid-
ered shortcomings of this study. Although high definition, white
light endoscopy with NBI and acetic acid chromoendoscopy were
used in addition to CLE, the study was not designed to be a com-
parison trial of these modalities. Consequently, the endoscopist
performing the CLEmapping was only partially blinded to the re-
sults of the earlier high definition, white light endoscopy, which
should serve as the red flag technique for CLE. In fact, it was con-
sidered inappropriate to use only the standard definition endos-
copy of the scope-based CLE system for targeting neoplastic le-
sions within BE. Of course, this issue could have been overcome

by the use of a probe-based CLE system, which was not yet avail-
able during the planning of this study. On the other hand, the
variable depth of tissue penetration offered by the scope-based
CLE system proved to be essential for identifying SST extension
underneath normal-looking CLE sections of superficial squamous
epithelium (a feature not provided by probe-based CLE).
In summary, CLE served as a powerful supporting diagnostic tool
for planning endoscopic resection by assessing lateral and sub-
squamous tumor extension of BE-associated neoplasia. Endo-
scopic treatment proved to be safe and effective in this study. In
vivo imaging with CLE appears to be a pioneering technology for
optimizing the current endoscopic management of BE-associated
neoplasia and should be further investigated in randomized, con-
trolled clinical trials.
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