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This review introduces some of the novel endoscopic modalities used for the treatment of superficial
neoplasms arising in the setting of Barrett’s esophagus, namely endoscopic mucosal resection and
photodynamic therapy. We describe the appropriate technical details for pathologists to know to effectively
communicate with the gastroenterologists as well as the pitfalls in the evaluation of endoscopic mucosal
resection specimens and post photodynamic therapy follow-up biopsies.
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For the past 20 years, surgical resection has been the
conventional therapy for not only invasive esophageal
adenocarcinoma, but also for high-grade dysplasia
(HGD) and intramucosal adenocarcinoma occurring
within Barrett’s esophagus.1 Although curative for most
patients, esophagectomy is also associated with sig-
nificant morbidity and mortality, ranging from 2 to 7%
in centers with significant experience and up to 20% in
hospitals, in which the procedure is carried out
infrequently.2,3 Comorbid illnesses may also preclude
surgery, particularly among older patients. In response
to these limitations, novel mucosal ablative techniques
have emerged steadily, with the goal of achieving a cure
for early-stage neoplasms with either no risk or a low
probability of lymph node metastasis, while avoiding
the risks associated with surgery.4–6 Given their increa-
sing popularity, it is important for pathologists to
become acquainted with these modalities for working
in unison with gastroenterologists. Among the various
novel endoluminal therapies, photodynamic therapy
(PDT), laser therapy, and endoscopic mucosal resection
(EMR) have shown growing promise.7–10 Herein, we
will discuss these new therapeutic modalities, focusing
on those for which the pathologist’s input is important.

Endoscopic mucosal resection

In contrast to laser and PDT (see below), which aim to
destroy the neoplastic tissue in situ, EMR is a
minimally invasive procedure that removes the neo-
plastic mucosa by resecting through the middle or
deeper part of the submucosa (Figure 1). It enables
microscopic examination for histologic confirmation
of the grade and depth of invasion. Popularized in
Japan, where it is used extensively for the resection of
early gastric adenocarcinomas and for esophageal
squamous cell carcinoma, EMR is being evaluated
in the West for the treatment of early esophageal
neoplasms arising in Barrett’s esophagus.9,11,12

The most common indication include well to
moderately differentiated mucosal adenocarcinomas
without angiolymphatic invasion or ulcer on endo-
scopy, and measuring o2 cm in diameter.13

There are many technical variations of EMR.
Currently, cap-assisted EMR is used widely for
several purposes, including resection with cura-
tive intent of HGD-intramucosal carcinoma,
as well as for diagnostic and staging purposes.
(Figure 2) Its success lies in its remarkable safety
when used in controlled settings.

Pathologic Evaluation of EMR

EMRs ought to be handled as surgical specimens.
Thus, reporting of margins and depth of invasion is
essential, as additional therapeutic options, includ-
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ing repeat of EMR, PDT, or recourse to surgery, may
be decided on pathologic evaluation.

Practically, before fixation, the EMR specimens
should be mounted on a firm surface (eg, a wax
block) and stretched gently. This step avoids curling
of the specimens’ edges and allows better slicing.
Overstretching should be avoided, as it may lead to
distortion and fracture of the tissue. Obtaining a

picture of the specimen is a good practice, particu-
larly when fragmented specimens have been sub-
mitted. It may indeed facilitate the visual recons-
truction of the specimen and comparison with the
endoscopic photographs. It may also be helpful for
correlating unexpected findings, such as a positive
margin, with the gross appearance of the lesions.
Inking of the deep and circumferential margins is
useful, when assessing the overall completeness of
the resection. After fixation (optimally for no o2h),
serial sectioning of the EMRs at 2-mm intervals is
carried out. (Figures 3 and 4) If applicable, addi-
tional radial sections should be made at both ends of
the specimen to further evaluate the status of the
circumferential margin. If the specimen is small,
both ends need to be submitted en face. Piecemeal
EMRs are usually difficult to stage. The fragments
may be too small for stretching, and attempts to
reconstruct the specimens may be challenging. In
such circumstances, a direct communication with
the gastroenterologist is important. In our own
experience, 26% of the EMRs were fragmented.14

This problem is in fact more common with the
newly introduced band ligation technique, which
allows resection of larger lesions, but usually yields
several fragments. Importantly, when adenocarcino-
ma is present at the margin, the risk of recurrence is

Figure 1 Principle of mucosal resection. (a) The anatomy of the esophageal wall. MM indicates muscularis mucosa. (b) The endoscopist
first lifts the mucosal lesion from the submucosa by injecting saline into the submucosa, forming a bulla that will allow the safe removal
of the lesion (c) without undue risk of perforation. (d) After resection the remaining mucosal and superficial submucosal ulceration will
heal rapidly.

Figure 2 Endoscopic picture showing the lesion being lifted up
through the cap.
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high, as noted in 37–50% of the cases.15–17 In the
setting of EMR for gastric cancer, a lateral clearance
ofo2mmwas also associated with an increased risk
of local recurrence, but similar data are not available
for Barrett’s esophagus-related neoplasms.15

Technical artifacts, such as hemorrhage and electro-
diathermic burns can be encountered, and although
they rarely limit the histologic interpretation, they may
warrant being mentioned in the final report.18

In addition to the size of the specimen and the
status of the margins (lateral and deep), pathologists
should report on the grade of the lesion (low and
HGD, intramucosal or invasive adenocarcinoma),
degree of differentiation, and depth of invasion. The
status of vascular invasion should be noted, espe-
cially in the cases with submucosal extension, as it
might dictate changes in the patients’ management.
It might also be informative to rapport whether the
lateral margins are composed of metaplastic or
squamous epithelium.

Therapeutic Efficacy of EMR

EMR is being validated as a safe alternative to
esophagectomy. A recent prospective series of 100
patients with ‘low-risk’ adenocarcinomas (well to
moderately differentiated, r20mm in diameter, and
confined to the mucosa without angiolymphatic
invasion or ulcer on endoscopy) reported no death
and an overall recurrence rate of 11% during a mean
follow-up of 36.7 months (range: 2–83 months).13

Although bleeding can be observed in up to 14% of
the cases, most of it is managed endoscopically in an
outpatient setting. Perforation is observed in 1.8% of

the procedures and has been treated effectively by
medical therapy, although deaths have not been
reported.11–13,19–21

Despite the overall positive curative results, some
series have reported disappointingly high percen-
tages of positive margins, with figures as high as
62.5–83% of cases.14,22–24 The reasons are numerous
and, likely in part, are operator dependent. How-
ever, the superiority of one resection technique vs
another has not yet been evaluated fully. It has been
suggested that tumor grade might be important in
the failure to obtain clear margins. In one series,
88% of the high-grade, non-invasive neoplasms
were resected with positive margins as opposed to
12% of low-grade neoplasms.24 Another factor may
be the method of assessing margins. Various authors
define completeness of resection differently. Some
report the margin status only for the final EMR in
patients undergoing sequential resection.20 Others
define completeness of excision based on the status
of post-operative biopsies of the lesional area,
regardless of the margin status of the actual EMR
specimen.25 The site of the positive margin is also
important. In our experience, 44% of the EMRs with
positive lateral/circumferential margin(s) and nega-
tive deep margin had no residual tumor and/or
recurrence at the last biopsy with a median follow-
up of 23 months. However, 86% of the EMRs with a
positive deep margin had residual tumors, despite
the use of photodynamic therapy in some cases.14

Figure 4 Superficially invasive esophageal adenocarcinoma
treated by endoscopic mucosal resection. The cross-section
confirms the superficially invasive, moderately differentiated
tumor. In this case, the deep and lateral margins are negative.

Figure 3 Evaluation of endoscopic mucosal resection: 2-mm step
sections after stretching and fixation of the specimen (a and b).
Appropriate inking of lateral (a and b) and deep (c) margins
allows optimal evaluation of the specimen.
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This was confirmed by Prasad et al,26 who reported
that in their series of 25 patients, none with negative
mucosal margins had residual tumor at subsequent
esophagectomy, whereas 50% of the cases with
submucosal invasive carcinoma had residual ade-
nocarcinoma at surgery, and 30% had metastatic
lymph nodes.

Follow-up biopsies carried out to ensure the
absence of residual neoplasia should be evaluated
with caution. In a study evaluating post-gastric EMR
biopsies reactive epithelial atypia changes, including
mucin depletion, clear cell degeneration, and signet-
ring cell-like change, can be difficult to distinguish
from residual neoplastic glands and should be
assessed judiciously. Such a study has not been
carried out in Barrett’s esophagus neoplasms.27

Diagnostic Utility of EMR

Some investigators have advocated the use of EMR
as a staging and diagnostic tool.14,20,28

In a 2006 study, a change in diagnosis from the
original biopsies was noted in 37% of the cases,
with the biopsies underreporting the neoplastic
grade in 21% of the cases and overreporting it in
16%.14 Conio et al29 also reported a diagnostic
reclassification of 26% of cases based on examina-
tion of the EMR specimen. In their series of 48
patients, Larghi et al reported that on the basis of
the EMRs, 6 of 25 patients with an initial diagnosis
of HGD were upgraded to intramucosal carci-
noma and 6 of 15 patients with a biopsy diag-
nosis of intramucosal carcinoma were upstaged
to invasive carcinoma.36 Discrepancies between
biopsies and EMRs were shown to be more common,
when the lesions were large (410mm) and
when less-extensive biopsy sampling was carried

out.30 These changes in grade and stage are sig-
nificant, as lymph node metastases can be observed
in up to 4% of intramucosal carcinoma and in up to
27% of submucosal tumors.18,31–34

EMR as a Staging Modality for Early Neoplasms

Despite significant advances, endoscopic ultra-
sound has only a 72–95% accuracy rate in distin-
guishing between mucosal (T1m) and submucosal
(T1sm) disease.12,35 Overstaging by endoscopic
ultrasound occurs in up to 12.5% of cases and
understaging in 16–20% of the cases.9,12,35

In another series, EMRs showed submucosal
invasion in 40% of patients staged as intramucosal
carcinoma by endoscopic ultrasound.36 In our
experience, endoscopic ultrasound correctly staged
70% of early neoplasms as intramucosal (n¼ 10) or
invasive (submucosal) tumors (n¼ 2) but overstaged
three lesions (T1sm for actual mucosal lesions) and
understaged two (Tx for actual intramucosal neo-
plasms).14 We showed recently that a large vertical
dimension of the neoplasm and duplication of
muscularis mucosa were commonly associated with
overstaging by endoscopic ultrasound.37

EMR Helps in Assessing the Risk of Lymph Node
Metastasis

The evaluation of well-oriented EMRs allows mea-
surement of the depth of invasion. It is an important
piece of information, as a submucosal infiltration of
500 ı́m represents the quantitative cutoff for an
increased risk of lymph node metastasis.38 The risk
for submucosal cancer is 20–25%.4,39

Yet the assessment of the risk of metastasis may be
modified radically, when the implications of the

Figure 5 Duplicated muscularis mucosa. Both images show this (H&E, left, and cocktail CD31/SMA immunohistochemistry, right). This
architectural anomaly has been implicated in the inadequate staging of endoscopic ultrasound. The differential risk of metastasis
between deep and superficial submucosal layers is yet to be determined. m.m., muscularis mucosa; m.p., muscularis propria.
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duplication of muscularis mucosae seen in Barrett’s
esophagus are appreciated fully.40 Indeed, taking
prominent outer muscularis mucosa to be muscu-
laris propria is a common mistake that critically
impacts the evaluation of the risk of lymphatic
metastasis (Figure 5).

EMR Improves Diagnostic Consistency

Variation in the evaluation of Barrett’s esophagus-
associated dysplasia is a vexing problem for surgical
pathologists, with a interobserver k-value of only
0.50 (B75% of interobserver concordance).41 The
reasons for discrepancy between pathologists are
multiple, including the experience of the observers,
the size of the sampled specimen, the quality of
material, and the quality of slide preparation. We
have reported recently that interobserver agreement
of Barrett’s esophagus-related neoplasia on EMRs is
significantly higher than on pre-EMR biopsy speci-
mens.42 It likely relates to the larger tissue sampling
compared with that of biopsies and the ability to
evaluate mucosal landmarks, such as double mus-
cularis mucosae. In our series, none of the 25
biopsies had 100% interobserver agreement among
all reviewers, whereas 13 cases (52%) were given
diagnoses that differed by only one grade and 36%
of the cases (n¼ 9) that differed by two grades.
Diagnoses spanning four different grades were
recorded in 12% of the cases. Alternatively, of the
25 corresponding EMRs, all reviewers gave the same
diagnosis in 16% of the cases, including three
intramucosal carcinomas and one invasive adeno-
carcinoma. Thirteen cases were given diagnoses that
differed by only one grade. Overall, 24% of the cases
had a diagnostic spread of three grades, but a
diagnosis spanning four grades was recorded in
only one EMR (4%).

In conclusion, although the validity of EMR as a
definitive therapeutic tool continues to be con-
firmed for well-selected patients, it has already
proven to be a staging procedure complementary to
endoscopic ultrasound for early lesions and also to
enhance diagnostic reproducibility between patho-
logists.

Photodynamic therapy

PDT is the most extensively studied ablative method
for superficial neoplasias arising in Barrett’s eso-
phagus. In PDT, an inactive photosensitizing drug is
administered to the patient. It then accumulates
within the epithelium and, after that, it is activated
by an endoscopically delivered light of an appro-
priate wavelength. As the drug absorbs the light
energy, the latter is transferred to oxygen molecules.
The photoreaction results in generation of high-
energy cytotoxic singlet oxygen molecules that
damage the tissue (Figure 6).43

Two photosensitizing agents have been evaluated
in clinical studies of Barrett’s esophagus: 5-amino-
levulinic acid (5-ALA) and porfimer sodium (Photo-
frins, Axcan Pharma, Inc.). No comparative studies
of these agents to date have been noted.

The advantages of 5-ALA include oral adminis-
tration, rapid onset of photosensitivity (4–6 h), and
limited duration of photosensitivity (days). The
depth of mucosal destruction is more superficial
than with that of porfimer sodium. Porfimer sodium
is the only approved photosensitizer for use in
esophageal PDT in the United States. Unlike 5-ALA,
porfimer sodium is administered intravenously.

Figure 6 Principal of photodynamic therapy. (a) After injection/
intake of a photosensitizing agent which accumulates preferen-
tially into the neoplastic epithelium, light of appropriate
wavelength is delivered endoscopically. (b) Upon the light
delivery, cytotoxic singlet oxygen molecules are generated and
destroy the neoplastic cells.
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Forty-eight hours later, light (at 630nm) is delivered
endoscopically. One treatment may be composed of
two sessions, if the mucosal destruction is inade-
quate at a 48h repeat endoscopy.

PDT is associated with a good clinical response,
with dysplasia and/or superficial adenocarcinoma
disappearing in 67–100% of the cases.44–51 A recent
5-year follow-up study showed an overall eradica-
tion of HGD of 77% compared with 39% of
omeprazole alone, as well as a decreased risk of
metachronous adenocarcinomas.44 Accurate histolo-
gic grading of pre-therapeutic material is important,
as it has been shown repeatedly that the higher the
histologic grade, the lesser the response rate.10

Mucosal/submucosal invasive adenocarcinomas
(pT1) are less likely to be treated successfully when

compared with HGD. For instance, some authors
have reported no evidence of recurrence in only
25% of pT1b/limited pT2 tumors (with limited
follow-up).52,53 In contrast, the success rates for
HGD and intramucosal carcinoma are 90 and 82.1%,
respectively, and the progression of HGD or intra-
mucosal carcinoma to invasive cancer is low,
varying from 4 to 13%.44,53 Importantly, 92% of the

Figure 7 Neosquamous epithelium post-PDT. The restored squa-
mous epithelium grows along (and replaces) Barrett’s glands and
ducts of mucous glands.

Figure 8 Despite PDT and proton pump inhibitor, residual non-
dysplastic columnar epithelium can be seen. In this case, there
are no residual goblet cells. The inflammation is minimal. The
stroma is expanded and fibrotic.

Figure 9 Example of neoplastic malignant Barrett’s esophagus
buried under restored squamous mucosa. Endoscopic ultrasound
and additional biopsies may be necessary to rule out an invasive
adenocarcinoma. This common complication makes surveillance
difficult, and forces the gastroenterologist to take multiple
biopsies even in an area of endoscopically normal squamous
mucosa.

Figure 10 Cryotherapy for dysplastic Barrett’s esophagus. Liquid
nitrogen is sprayed directly onto the mucosa, which is destroyed
by freezing. The spray can be applied several times.
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cases with an re-emergence of neoplasia after initial
eradication arise at the original site, reflecting the
persistence of genetic abnormalities.53 Therefore, in
most series, PDT is combined with other ablative
methods (particularly EMR), a strategy necessary for
achieving significant success.

Benign Histologic Changes After PDT

Squamous re-epithelialization is common after acid
suppression and anti-reflux surgery,10,54 as well as
after electrocoagulation, argon plasma coagulation,55

and laser.54,56 In a series of 33 patients, the authors
showed that the percentage of biopsies with squa-
mous islands of re-epithelialization changes from
36.7% before PDT to 77.5% after (Figure 7).10

Usually, no atypia is seen in the restored squamous
epithelium. Post-PDT, goblet cells are usually
significantly decreased. Stromal capillary prolifera-
tion and eosinophilia are also noted early after PDT,
although fibromuscular proliferation might be pro-
minent at 6 months and is usually associated with
glandular atrophy. (Figure 8) Reactive atypia of the
columnar epithelium is more prominent post-PDT
than pre-PDT, but is usually mild and not diagnos-
tically challenging.57 Esophageal stricture requiring
dilatation is reported variably (6.25–29%).52,53

Other common side effects of PDT include nausea,
vomiting, chest pain, odynophagia, and skin photo-
sensitivity. Skin fragility, solar dermatitis, and
severe burn with blistering are rare. Complications
associated with 5-ALA are less common and milder,
but hypotension and tachyarrhythmias have been
reported.58

The Histopathology of Persistent Neoplasia After PDT

In most cases, the histologic grade of persistent
neoplasia is unchanged after PDT. Less commonly, it
is downgraded.10 Distally located lesions are more
likely to persist after PDT (4% of proximal lesions vs
15.3%).10,53,59 The reason is unclear; however, as the
distal esophagus is exposed to high concentrations
of gastric acid (or bile), it is plausible that the COX-2
overexpression is evoked, in turn promoting the
persistence of neoplastic tissue.60–62

Diffuse and multifocal neoplastic disease is also
prone to persist after PDT.10,59 We noted recently
that all patients who responded to a single PDT
course (with or without additional fulguration) had
a short segment of neoplasia (o4 cm), whereas two-
thirds of patients with neoplasia spanning Z4 cm
needed more than one course of treatment (repeated
PDT with fulguration).

Post-PDT Buried Barrett’s Epithelium and Neoplasia

After PDT, Barrett’s esophagus mucosa concealed
by restored squamous epithelium (buried Barrett’s

esophagus) is reported in 0–40%7,45,47–49,63–65

and buried neoplasms in 0–3.7% of patients
(Figure 9).7,45,48,49 A concern associated with buried
Barrett’s esophagus is the risk of unnoticed malig-
nant transformation.54,66,67

In our experience, completely buried Barrett’s
esophagus (absent before PDT) was observed in
17.3% of patients after treatment. More importantly,
completely buried neoplasms, observed in 1.9% of
52 patients before treatment, increased to 25.0% of
patients after PDT. Importantly, 7.4% of the residual
neoplasms were concealed completely by the squa-
mous epithelium, and in most cases, these repre-
sented the highest grade and usually the sole
residual neoplastic focus.53,68 Although patients
with buried neoplasms respond to treatment similar
to those with only surface neoplasms, the detection
of buried neoplasms can be difficult, and thorough
endoscopic surveillance with deep, extensive biop-
sies is cardinal.

Other Ablative Therapies

There has been a recent surge in the introduction
of new endoscopic techniques seeking to comple-
ment some of the main shortcomings of PDT,
including equipment cost and availability, tech-
nical expertise required, incomplete ablation effi-
cacy, and post-procedure photosensitivity and
stricturing.

Recently, we have seen the introduction of radio-
frequency ablation (RFA) catheters used for the
ablation of Barrett’s esophagus and various grades of
dysplasia (BARRx Medical, Sunnyvale, CA). Studies
have suggested that the combined use of the balloon-
based circumferential RFA catheter (Halo360 s) and
focal RFA catheter (Halo90 s) results in high rates of
Barrett’s esophagus mucosa ablation (98% at 2 years
of follow-up) with only a few complications.69

Preliminary data on the eradication of dysplastic
Barrett’s esophagus (low and HGD) show efficacy in
90–100% at short term follow-up (6 months).70,71

Multicenter studies for further defining the role of
this technology in dysplastic Barrett’s esophagus are
in progress.

A cryospray technique has also been introduced
as an ablative technique. The cryoablation techni-
que involves the use of liquid nitrogen (at �196 1C)
delivered to the Barrett’s esophagus mucosa under
direct endoscopic vision using a low-pressure spray
catheter. (Figure 10) A pilot study of 11 patients
published in 2005 showed histologic and endo-
scopic regressions of Barrett’s esophagus in 78%,
including one patient with HGD.72 However, buried
Barrett’s esophagus glands were found in 18% of
patients at 1 month follow-up sampling. Further-
more, chest pain and dysphagia have been reported
post-procedure in up to 45%, particularly in those
who receive circumferential ablation.72 Additional
studies of cryoablation are in progress.
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Conclusions

Although EMR is quietly revolutionizing the diag-
nosis and treatment of early neoplasia in Barrett’s
esophagus, the specific role of the various ablative
techniques in clinical practice remains uncertain.
To date, PDT is the only FDA-approved treatment
for HGD arising in Barrett’s esophagus. The combi-
nation of these new ablative technologies with EMR
will likely provide value in a subset of patients,
namely those with nodular dysplasia or intramuco-
sal carcinoma.73 Whether evaluating EMRs or
diagnosing post-ablation follow-up biopsies, the
histopathologic interpretation, and thus the role of
pathologists, will be crucial in validating this
expanding new therapeutic armamentarium.
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