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Preface to the Second Edition

Barrett’s esophagus is the premalignant lesion for
adenocarcinoma of the esophagus. The incidence of
adenocarcinoma of the esophagus continues to in-
crease, especially in Caucasian males. Since the 2001
edition there has been a rapid expansion in the field
of Barrett’s esophagus and esophageal adenocarci-
noma. Improved detection of neoplasia has been
helped by the availability of imaging modalities such
as high resolution endoscopy, narrow band imaging,
and confocal microscopy. There have also been ad-
vances in the endoscopic therapeutic modalities for
treating high grade dysplasia and early esophageal
adenocarcinoma.

However, many uncertainties about Barrett’s re-
main: the specific cause or causes of metaplasia and
the development of neoplasia, the risk of cancer for
individual patients, the role and specifics of screen-
ing and surveillance, and the ideal clinical manage-
ment. In the face of these unknowns, on a daily basis,
the clinician must stillmake decisions about each pa-
tient. The chapters in this book provide the clinician,
the teacher, and the investigator with the latest evi-
dence and information about the topical issues in
Barrett’s esophagus research and the latest ap-
proaches to patient management.

This edition also has updated chapters pertaining
to the epidemiology, pathogenesis, diagnosis, stag-
ing, treatment, and management of these lesions.
New chapters on emerging techniques including
high resolution endoscopy, spectroscopy, confocal
imaging and optical coherence tomography
highlight the leading edge of technology research
and development. Additional chapters deal with the
controversial management of high grade dysplasia,

the expanding role of endoscopic resection and the
nascent field of chemoprevention.

Many questions remain unanswered in the field of
Barrett’s esophagus and continued investigation by
both clinical and basic researchers will help enlight-
en us further as we continue our quest towards
understanding this common but incompletely
understood disease. We have assembled a highly dis-
tinguished group of investigators who present state
ofthe art on the relevant topics of clinical importance
in this field. Each chapter included in this book pro-
vides a comprehensive discussion of important is-
sues, focusing on new and evolving concepts with
regards to this premalignant lesion.

We hope that the collective efforts of all the au-
thors and the editors have succeeded in achieving
our goal of providing an educational reference for re-
searchers and clinicians alike, and we wish to thank
all the contributors for providing uniformly out-
standing and detailed reviews. It is our hope that this
book will provide further insights into our under-
standing and treatment of patients with Barrett’s
esophagus and esophageal adenocarcinoma.

Our work was greatly facilitated by the expert as-
sistance of Mary Mackison and Lisa Camargo.
Without their efforts this book would not have been
possible, and we are indebted to them. We also wish
to express our gratitude to our colleagues at
Blackwell Publishing.

Prateek Sharma
Richard E. Sampliner
2006
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Definition and Diagnosis of

Barrett’s Esophagus

Ajay Bansal and Prateek Sharma

Introduction

Diagnosis of Barrett’s esophagus is important to
identify the subpopulation with gastroesophageal
reflux disease (GERD) that not only has an altered
quality of life but also is at an increased risk for
esophageal adenocarcinoma as compared to the gen-
eral population. Approximately 10-15% of patients
with chronic GERD are diagnosed with Barrett’s
esophagus, a premalignant lesion for esophageal
adenocarcinoma [1,2] This subgroup with Barrett’s
esophagus may benefit from regular surveillance to
identify progression to dysplasia prior to the devel-
opment of adenocarcinoma. Adenocarcinoma of the
esophagushasrisen almost fivefold in incidence over
the past 20 years in the USA [3-6]. It now accounts
for more than 50% of all esophageal cancers in this
country [7].

The definition of Barrett’s esophagus has evolved
from endoscopic findings alone to the use of
esophageal manometry and finally now to include a
combination of endoscopic and histological findings
in the distal esophagus. Novel endoscopic methods
including magnification endoscopy, chromoen-
doscopy, narrow band imaging etc., are being exten-
sively studied to assist in the endoscopic diagnosis of
Barrett’s esophagus but the studies are far from being
conclusive. Application of newer molecular markers
like cdx-2, muc-2 and sucrase isomaltase for con-
firming the intestinal origin of the metaplastic ep-
ithelium is being reported. In addition, use of special
stains like Alcian blue in biopsies obtained from
endoscopically suspected Barrett’s esophagus has
increased the histologic accuracy of confirming
intestinal metaplasia.

Definition

The American Gastroenterological Association
workshop in Chicago defined Barrett’s esophagus as
the displacement of the squamocolumnar junction
(SCJ) proximal to the gastroesophageal junction
(GEJ) with the presence of intestinal metaplasia [8]
(Plate 1.1a,b; color plate section falls between pp.
148-9). The definition of Barrett’s esophagus has
evolved over many years since the first description in
1950s by N. R. Barrett [9]. All three types of colum-
nar epithelium—fundic mucosa, cardia mucosa and
intestinal metaplasia can be detected in the colum-
nar lined distal esophagus [10]. However, currently
there is general consensus (although controversial)
on using intestinal metaplasia and not the other two
types of mucosae, as the histological marker for
Barrett’s esophagus [8]. The reason for including
intestinal metaplasia in the definition as opposed to
fundic or cardia mucosa is the observation that dys-
plasia or cancer is usually associated with the pres-
ence of intestinal metaplasia. A review of 14 cases of
esophageal adenocarcinoma revealed that 12 (86 %)
occurred in columnar epithelium as defined by the
presence of distinctive intestinal type mucosa (con-
firmed Barrett’s esophagus) [11]. Hamilton and
Smith studied biopsy specimens from 14 Barrett’s
esophagus patients with known dysplasia and 43
esophagectomy specimens from patients with re-
sected adenocarcinoma [12]. They showed that dys-
plasia was associated with intestinal type mucosa in
11 patients and with cardia type mucosa in three of
14 patients. Also, in the same study, evaluation of 43
esophagectomy specimens revealed that adenocar-
cinoma most often occurred in Barrett’s mucosa of
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the intestinal type. Another study identified six pa-
tients with dysplastic Barrett’s mucosa, four with
high-grade dysplasia, and showed that dysplasia
arose in five of six cases from foci of intestinal meta-
plasia [13]. Besides these studies, other investigators
have also demonstrated that intestinal metaplasia is
associated with an increased risk of malignancy
[14,15]. However, the exact malignant potential of
each of the epithelia type is yet to be confirmed in a
prospective follow-up study.

Endoscopic Recognition of
Barrett's Esophagus

Landmarks

Normally, the SCJ should coincide with the GEJ,
which s evidenced by the proximal limit of the linear
gastric mucosal folds. The lack of this concurrence
and the proximal displacement of the SCJ indicate
the endoscopicpresence of a columnar lined esopha-
gus (i.e. endoscopic or suspected Barrett’s esopha-
gus). The GEJ is best visualized when the esophagus
is distended minimally to the point at which the
proximal ends of the gastric folds appear and
coincide with the pinch at the end of the tubular
esophagus [16] (Plate 1.1a,b; color plate section falls
between pp. 148-9). Once the GEJ is accurately
identified, the distance between the proximally dis-
placed SCJ and the GEJ should be measured endo-
scopically and recorded as the length of the Barrett’s
esophagussegment [17]. In many situations, the SCJ
and the GEJ may coincide for the major portion, but
there maybe tongues of columnar mucosa extending
for some distance above the GEJ raising a suspicion
for Barrett’s esophagus.

The diagnosis of Barrett’s esophagus in cases of
columnar appearing mucosa extending for greater
than 3 cm above the GEJ is usually straightforward
[18]—the chances of detecting intestinal metaplasia
in this situation are greater than 90% and the recog-
nition of the columnar lined esophagus is usually not
an issue. The difficulty arises in two different situa-
tions. Firstly, there is presence of columnar mucosa
on endoscopy thatis at least 2-3 cm in length but his-
tology may show cardiac type mucosa. Secondly,
what appears to be a short area of columnar mucosa
in the distal esophagus or anirregular Zline can show

intestinal metaplasia which may actually represent
intestinal metaplasia of the anatomic gastric
cardia—i.e., cardia intestinal metaplasia (CIM) lead-
ing to misclassification of CIM as short segment
Barrett’s esophagus. The role of the endoscopist in
defining the endoscopic extent of Barrett’s esophagus
above the GEJ is thus critical, especially in the
latter situation as the pathologist will report only
intestinal metaplasia that could be either Barrett’s
esophagus or CIM based on the exact location of the
biopsy. This is of importance as Barrett’s esophagus
and CIM appear to be distinct entities with different
demographics, symptoms and dysplasia/cancer risk
[19]. Moreover, the presence of a large hiatal hernia,
ulcers/erosions, strictures etc., may prevent the accu-
rate assessment of endoscopic Barrett’s esophagus,
sometimes leading to the overdiagnosis of Barrett’s
esophagus, especially in the situation of a hernia.

Endoscopic Classification of

Barrett's Esophagus

A clinically relevant classification Barrett’s esopha-
gus based on the length on endoscopy has proposed
to classity the finding of intestinal metaplasia on
biopsies into three categories—long segment Bar-
rett’s esophagus, short segment Barrett’s esophagus,
and CIM. Traditionally, long segement and short
segment Barrett’s esophagus have been distin-
guished by the length of the endoscopic Barrett’s
esophagus segment (=3 cm or <3cm respectively)
whereas CIM is diagnosed by the lack of any
esophageal columnar mucosa on endoscopy but the
presence of intestinal metaplasia, if biopsies are ob-
tained below the GEJ. The “3 cm” rule for traditional
Barrett’s esophagus was applied in 1970s to avoid an
overdiagnosis of Barrett’s esophagus resulting from
either failure to recognize the tubularized portion of
a herniated stomach on endoscopy and, also, be-
cause it was felt that the “normal esophagus” could
have 1-2 cm of columnar mucosa in its distal portion
[20]. Thereafter, it was documented that even short
lengths of Barrett’s esophagus may undergo progres-
sion to dysplasia as well as adenocarcinoma [21,22].
A prospective study showed that although there was
anon-significant trend towards increased cancer risk
by 1.7-fold for every 5cm increase in the length of
Barrett’s esophagus (P=0.06), the length of Barrett’s



esophagus was not significantly related to risk for
adenocarcinoma (P > 0.2) [23]. In view of this, the
classification of Barrett’'s esophagus into long
(=23 cm) and short (<3cm) segments may be less
relevant clinically.

On the other hand, CIM may have a lower risk
of neoplastic progression. Sharma et al., in a study
of 78 patients with short segment Barrett’s esopha-
gus and 34 patients with CIM, reported that dyspla-
sia developed in nine short segment Barrett’s
esophagus patients and one CIM patient, whereas
adenocarcinoma developed in one patient in the
short segment Barrett’s esophagus group and none
in the CIM group [19]. But this issue is far from set-
tled at this time. In areview of 22 resected specimens
of adenocarcinoma occuring within 2 cm of the GEJ
and 22 matched control specimens of resected
esophageal squamous carcinoma, CIM with high- or
low-grade dysplasia was associated with 64% of ade-
nocarcinoma compared to 5% of controls (P<0.001)
[24]. Moreover, the incidence of cardia adenocarci-
noma has increased over the past 15 years [25] and
longer follow-up studies are needed to define the
exact neoplastic risk of CIM.

The Z-line appearance (ZAP) classification has
been developed to describe the endoscopic extent
of Barrett’s esophagus with particular reference to
short segment Barrett’s esophagus [26]. However,
this system also uses a threshold of 3 cm to distin-
guish between grade II and III Barrett’s esophagus
making it insufficiently precise to document pro-
gression or regression of Barrett’s esophagus. A new
grading system called the Prague C and M criteria for
the endoscopic extent of Barrett’s esophagus has
recently been put forth [17]. This classification pro-
poses to use the length of circumferential Barrett’s
esophagus (C) as well as the maximal length (M) in-
cluding the length of tongues to accurately describe
the extent of Barrett’s esophagus. This grading sys-
tem may be useful in clinical practice as well as in
multicenter research studies to follow the length of
Barrett’s esophagus over time in the same patient.
Intial validation studies have shown good interob-
server agreement using the Prague C and M criteria
but they still need to be validated prospectively with
respect to further interobserver agreement, clinical
relevance and patient outcomes [17].

Definition and Diagnosis of Barrett's Esophagus 3

Histologic Diagnosis of Barrett’'s
Esophagus: the Goblet Cell

The current working definition of Barrett’s esopha-
gus necessitates histologic confirmation of intestinal
metaplasia on biopsies from the columnar lined
esophagus. The “goblet cell” deserves special men-
tion asitis the sine quanon for intestinal metaplasia. It
is an integral part of the normal small intestinal mu-
cosa and metaplasia in the setting of Barrett’s esoph-
agus and is responsible for the secretion of mucus
into the gut lumen. On H&E staining, goblet cells
have a distended lateral border, compressed basal
nucleus and basophilicapical cytoplasm. Goblet cells
have acid mucins and stain intensely with Alcian
blue (at pH 2.5) [27-29], making it easy to distin-
guish them from the foveolar cells of gastric type mu-
cosa which stain with periodic acid—Schiff (PAS) but
not Alcian blue. The staining with Alcian blue is ex-
tremely useful in distinguishing the intestinal meta-
plasia from cardia mucosa as occasionally some of
the gastric cardiac cells may look like goblet cells on
routine hematoxylin and eosin (H&E) staining [30].
This may prevent overdiagnosis of Barrett’s esopha-
gus and avoid unnecessary enrollment of patients
into a surveillance program. Occasionally, Alcian
blue may stain the cytoplasm of foveolar cells that
are called “columnar blues.” However, the distinc-
tion from typical goblet cells is usually straightfor-
ward as the histology of these columnar blues is
distinct from the goblet cells. Also, columnar blues
are often seen in groups while goblet cells usually
are seen as solitary cells amongst the columnar
epithelium.

In summary, despite the usefulness of Alcian blue
staining, this technique is laborious, time consum-
ing, and more expensive than routine H&E staining,
preventing its wider applicability. At this time, typi-
cally, Alcian blue is used if the routine H&E staining is
not convincing enough to diagnose the presence of
intestinal metaplasia.

Impact of Length on the Diagnosis
of Barrett’'s Esophagus

Itisimportant to understand that intestinal metapla-
sia is a patchy disease. First and foremost, the
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conventional method of four quadrant biopsies
from short lengths of the columnar lined esophagus
(<3cm) provides a histologic confirmation of
Barrett’s esophagus in approximately 35-45% of the
patients [31]. Intestinal metaplasia is more often
found when the endoscopic Barrett’s esophagus
segment is >3 cm rather than <3 cm (80% vs. 30%)
[32,33]. Secondly, repeat biopsies in these patients
may increase the yield of intestinal metaplasia by
almost 20% [34].

A prospective study of 177 patients enrolled in a
surveillance program showed that the detection of
intestinal metaplasia increased markedly with in-
creasing number of surveillance endoscopies, partic-
ularly in short segments of columnar mucosa [35].
The cumulative percentage of intestinal metaplasia
in endoscopic lengths 1-2 cm and 3-4 cm increased
from 30.5% and 44.8% t0 63.6% and 88.9% respec-
tively after six endoscopies. Intestinal metaplasia
was detected in all patients with greater than 4 cm of
the endoscopic Barrett’s esophagus segment after
2-4 endoscopies. This raises some very important
questions, especially if we define Barrett’s esophagus
as the presence of intestinal metaplasia. Are biopsies
on a single endoscopy sufficiently sensitive to rule
out Barrett’s esophagus in all patients? Do patients
develop new intestinal metaplasia within the endo-
scopic segment during follow-up? In fact, the in-
creasing yield of intestinal metaplasia on subsequent
biopsies may be inferred to suggest that the endo-
scopic presence of columnar appearing mucosa
cannot be ignored even in absence of intestinal
metaplasia on biopsies. Some investigators have
suggested that repeat endoscopy be considered in
patients with endoscopic Barrett’s esophagus if the
initial biopsies are negative, especially in the short
segment of suspected Barrett’s esophagus. This may
especially be relevant in light of data that dysplasia
and adenocarcinoma can be associated with short
segment Barrett’s esophagus [21,22]. However, clear
recommendations are lacking, and further research
in this area is surely needed.

Molecular Markers for the
Diagnosis of Intestinal Metaplasia
(Barrett’'s Esophagus)

The intestinal columnar cell, the histological marker
of Barrett’s esophagus, shares a common lineage
with the small intestinal epithelial cell. This may rep-
resent a novel method to diagnose Barrett’s esopha-
gus as the small intestinal columnar cell has some
unique molecular signatures. The ability to identify
these molecular markers characteristic for the in-
testinal cell type of Barrett’s esophagus thus offers
great promise, and given that intestinal metaplasia is
patchy, these markers may confirm the presence of
Barrett’s esophagus on random biopsies.

Cdx-2isatranscription factor whose expression in
normal tissues is restricted to intestinal type epitheli-
um. In a study of 90 patients with suspected short
segment Barrett’s esophagus, (45 with and 45 with-
out intestinal metaplasia), all intestinal metaplasia
(100%) cells stained for cdx-2 in the goblet cell and
adjacent columnar cells while only 38 % of columnar
tissue withoutintestinal metaplasia stained for cdx-2
[36]. Moreover, none of the 25 samples of gastric
cardiac mucosa (controls) and none of the “colum-
nar blues” stained for cdx-2. This suggests that cdx-2
staining to detect cells of intestinal origin may allow
for a more accurate diagnosis of Barrett’s esophagus
and, perhaps, anewer molecular classification of the
columnar lined distal esophagus could be envisioned
in the future.

Another study correlated the expression of cdx-2
and muc-2 (a type of acid mucin specific to the goblet
cell) in patients suspected to have intestinal metapla-
sia in the esophagus [37]. They reported that all pa-
tients with histologic intestinal metaplasia had cdx-2
protein and mRNA expression as opposed to none of
the 26 patients with gastric metaplasia and the 40
reflux esophagitis patients without Barrett’s esopha-
gus. Interestingly, cdx-2 mRNA was also detected
in the squamous mucosa of 30% of the Barrett’s
esophagus patients suggesting that cdx-2 transcrip-
tion may play a role in development of Barrett’s
esophagus. If this is shown to be the case, it may help
identifty GERD patients predisposed to the develop-
ment of Barrett’s esophagus in the future. The
detection of cdx-2 mRNA also correlated with the



expression of goblet cell specific Muc-2 mRNA in
Barrett’s esophagus patients. Another study also
showed that MUC-2 was expressed in goblet
cells and occasionally in columnar cells but not
in cardiac type mucosa, also suggesting that MUC-2
expression could be a useful tool for the accurate
detection of intestinal metaplasia [37].

Is it possible to distinguish intestinal metaplasia in
the esophagus from that in the stomach? The use of
cytokeratins 7 and 20 in initial studies showed that
the pattern of CK7/CK20 immunoreactivity was
found in both long and short segment Barrett’s
esophagus but notin CIM [38,39]. Barrett’s esopha-
gus was characterized by superficial and deep CK7
staining and superficial band like CK20 staining in
the areas of intestinal metaplasia. However, other
studies have yielded conflicting results [40-42].
More prospective studies are needed to define the
exact role of these biomarkers for the diagnosis of
Barrett’s esophagus.

Diagnosis of Barrett’s Esophagus:
the Future

The costassociated with standard upper endoscopy is
one of the major limiting factors in its application for
the diagnosis of Barrett’s esophagus. Newer tech-
niques may help overcome this barrier.

One such technique to diagnose esophageal
pathology is capsule endoscopy. A feasibility study
from Israel [43] showed that in 17 patients (five
with normal findings and 12 patients with erosive
esophagitis on upper endoscopy), capsule endos-
copy was able to identify all the 12 patients with
esophageal pathology on upper endoscopy. Our cen-
ter is currently involved in a prospective, double
blind, multicenter study to correlate the findings on
esophageal capsule studies to those on standard
endoscopy.

Balloon cytology has been reported as a cost-
effective method for the diagnosis and surveillance
of Barrett’s esophagus patients. Falk ef al. compared
balloon cytology with biopsies and brush cytology in
patients with Barrett’s esophagus [44]. They were
able to obtain adequate columnar epitheliumin 83 %
patients with balloon cytology in comparison with
97 % with brush cytology. The costs associated with
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balloon cytology were six times less than that of en-
doscopy, in part due to lack of sedation. Other results
have not been as promising. In a study of 10 unse-
lected patients with known Barrett’s esophagus, bal-
loon cytology was unable to identify goblet cells in
any of the patients. This area needs further study be-
fore balloon cytology can be recommended for the
diagnosis of Barrett’s esophagus [45].

In summary, more research is needed to validate
current methods and identify other techniques,
non-invasive methods and serologic markers to di-
agnose Barrett’s esophagus reliably and in a cost-
effective manner.

Conclusion

Approximately, 10-15% of people with chronic
GERD are diagnosed with Barrett’s esophagus,
a premalignant condition for esophageal and
gastroesophageal adenocarcinoma. The diagnosis of
Barrett’s esophagus is based on a combination of en-
doscopic and histologic criteria. The displacement of
SCJ proximal to the GEJ should raise the suspicion
for Barrett’s esophagus and lead to biopsies to con-
firm intestinal metaplasia. Barrett’s esophagus has
been classified into long and short segment based
on the endoscopic extent. A new system called the
Prague C and M criteria for the endoscopic diagnosis
of Barrett’s esophagus, if validated, may simplify the
description of endoscopic findings of Barrett’s esoph-
agus both for clinical and research studies. The single
most important histologic finding is the presence of
goblet cells that confirms the presence of intestinal
metaplasia. Special stains like Alcian blue, if used
judiciously in conjunction with H&E staining may
avoid the overdiagnosis of intestinal metaplasia. In-
testinal metaplasia is a patchy lesion that may be
missed on a single endoscopy and, although the yield
of intestinal metaplasia increases on repeat endo-
scopies, the number of endoscopies a patient with
should undergo to avoid false negative results is un-
clear. This problem may be overcome by application
of newer techniques like magnification, chromoen-
doscopy, narrow band imaging, and optical coher-
ence tomography to help focused biopsies from areas
suspected to represent intestinal metaplasia. Appli-
cation of molecular techniques to identity cdx-2,
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muc-2, sucrase-isomaltase etc., in biopsy specimens
may increase the sensitivity of the diagnosis of
Barrett’s esophagus. In the future, newer methods
like capsule endoscopy and balloon cytology may
help screen for Barrett’s esophagus in a cost-etffective
manner.
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Barrett’s Esophagus

Alan J. Cameron

Historical Background

Norman Barrett, a London thoracic surgeon, wrote a
paper in 1950 entitled “Chronic peptic ulcer of the
oesophagus and ‘oesophagitis’ [1].” He described
cases of esophageal ulcers found at autopsy that were
surrounded by columnar mucosa. Most had died
from ulcer perforation. One case that Barrett re-
viewed had been reported by Alexander Lyall in
1937, possibly the first case recognized. Barrett sug-
gested that the ulcers developed in the stomach
which was displaced upward, due to a congenital
short esophagus, and that this was a separate entity
from reflux esophagitis. In 1953 Allison and John-
stone published a paper entitled “Oesophagus lined
with gastric mucous membrane” [2]. They described
in detail seven cases in whom the lower esophagus
had a columnar lining. All seven had reflux
esophagitis and a hiatal hernia. They suggested that
“Barrett’s ulcers” might be a consequence of chronic
gastroesophageal reflux. Present opinion agrees
with the views of Allison and Johnson that “Barrett’s
esophagus” is an acquired disorder caused by
reflux.

Definition of Barrett's Esophagus

The changing definition of Barrett’s esophagus over
the years needs to be taken into account in a review
of epidemiology. In 2002, the Practice Parameters
Committee of the American College of Gastroen-
terology recommended that Barrett’s esophagus be
defined as “a change in the esophageal epithelium of
any length that can be recognized at endoscopy and
is confirmed to have intestinal metaplasia by biopsy

of the tubular esophagus and excludes intestinal
metaplasia of the cardia” [3]. This definition has
evolved over some 30 years from columnar lining in
the esophagus, to 3 cm or more of columnar lining, to
3 cm or more with esophageal intestinal metaplasia,
to intestinal metaplasia in the esophagus without
regard to length. The earlier requirement of 3 cm or
more of columnar epithelium was often used be-
cause it was quite easily recognized as distinct from
an irregular but normal squamocolumnar junction.
At the present time, short segment Barrett’s esopha-
gus is diagnosed when there is visible red columnar
epithelium in the esophagus less than 3 cm in length,
with intestinal metaplasia. However, there is diffi-
culty in the diagnosis of short segment Barrett’s
esophagus. One reason is overlap with intestinal
metaplasia of the cardia. Biopsies taken below a nor-
mally located squamocolumnar junction show in-
testinal metaplasia in about 15% of patients having
endoscopy [4,5]. On the other hand, an endoscopic
suspicion of short segment Barrett’s esophagus is
confirmed by finding intestinal metaplasia on biopsy
in only 36-50% of cases [6,7]. It is just not possible
on routine endoscopy to distinguish reliably be-
tween a 1 or 2cm length of Barrett’s esophagus and
a normal variation of the Z line. However, in the
writer’s experience, when a long segment of Bar-
rett’s esophagus is clearly identified at endoscopy,
biopsy shows intestinal metaplasia in at least 95%
of cases. In this epidemiologic review, therefore,
Barrett’s esophagus will generally refer to long
segments of columnar epithelium in the lower
esophagus.
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Prevalence of Long Segment
Barrett's Esophagus

Prevalence and incidence are sometimes confused in
medical writing. Prevalence refers to the proportion
ofagiven population havinga particular condition at
aspecified time. Incidence refers to the proportion of
a population developing a condition over a specified
time interval, often 1 year.

Barrett’s esophagus was rarely found before the
widespread and increasing use of flexible endoscopy
in the last few decades. In 1971 Burgess ef al. re-
ported 85 Mayo Clinic patients with this diagnosis
between 1950 and 1969, about four cases per year
[8].In 1972, Naef and Savary reported the largest se-
ries up to that time, finding 62 cases of Barrett’s
esophagus in 4950 esophagoscopies they performed
in Switzerland 1963-1971 [9]. In that era, most
endoscopic examinations were done with rigid
endoscopes.

Prevalence at Endoscopy

Many reports have used retrospective data from pa-
tients having routine clinical upper endoscopy. Table
2.1 shows the results for long segment Barrett’s
esophagus in nine large series from Western coun-
tries [9-17]. Note that many patients in these series
did not have biopsy confirmation. In the studies
summarized in Table 2.1, a mean of 1.5% of patients
having endoscopy had Barrett’s esophagus. This
only approximates the true population prevalence of
the condition. Endoscopy is performed for multiple

different indications, although most patients are in-
vestigated for symptoms other than reflux. Indica-
tions for endoscopy vary with time and geographic
location. Patients having endoscopy are, on average,
older than the general population. At endoscopy,
under-diagnosis of Barrett’s esophagus can occur
due to lack of recognition of the disorder, and also
over-diagnosis due to enthusiasm and lack of biopsy
confirmation. Of note, the data in the above table
does not suggest much change in the endoscopy
prevalence of Barrett’s esophagus over the past 30
years.

Prevalence in Persons with

Reflux Symptoms

Most patients with Barrett’s esophagus have symp-
toms of GERD, especially heartburn and acid regur-
gitation. In 1991, Philips and Wong reviewed reports
of patients having routine clinical endoscopy for re-
flux disease [18]. Summarizing the findings in 14
papers, a total of 31 133 patients had endoscopy, of
which 5385 (17%) had GERD. Barrett’s esophagus
was found in 1.7 % of all patients having endoscopy
and in 9.6% of patients with GERD. These older re-
portsincluded large numbers but were retrospective.
Later, prospective studies were performed.

Winters et al. investigated 97 patients with at least
two of the three following symptoms; heartburn, re-
gurgitation or dysphagia, occurring at least every
week [19]. Those with previous endoscopy were
excluded. Twelve of the 97 (12%) had Barrett’s
esophagus. However, only six (6%) had intestinal

Table 2.1 Prevalence of Barrett’s

esophagus (BE) in patients at routine Authors Patients (n) BE (n) BE (%)

clinical endoscopy.
Naef & Savary 1972 [9] 6368 140 2.2
Burbidge & Radigan 1979[10] 203 8 3.9
Cooper & Barbezat 1987 [11] 4448 52 1.2
Gruppo (Italian multicenter) 1991[12] 14898 111 0.7
Cameron & Lomboy 1992 [13] 51311 57 0.9
Hirota etal. 1999 [14] 889 40 4.5
Caygill etal. 1999 [15] 44721 636 1.4
Todd etal. 2002 (1995 data) [16] 9620 139 1.4
Ford etal. 2004 (Whites) [17] 15063 690 4.6
Total 147521 2273 1.5
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metaplasia on biopsy, and the diagnosis might be
questioned without this histological finding. Also,
the patients were at a naval hospital, so presumably
most were male. The prevalence of Barrett’s esopha-
gusis higher in men.

Mann et al. examined 180 male patients with
reflux symptoms [20]. Biopsies were taken 2 and
4 cm above the lower esophageal sphincter. Twelve
patients (6.7%) had long segment Barrett’s esopha-
gus with intestinal metaplasia.

We investigated 200 male and female patients
with reflux symptoms occurring at least every week,
with no previous endoscopy [21]. A 3 cm or longer
Barrett’s esophagus, with intestinal metaplasia, was
foundin seven cases (3.5%).In a further prospective
series from our group [22,23], we found a long
segment Barrett’s esophagus in 12 of 287 (4.2%)
consecutive male and female patients with reflux
symptoms.

The estimated prevalence of long segment Bar-
rett’s esophagus is therefore approximately 5% in
patients with reflux symptoms, the number being
higher in men and lower in women.

Age and Prevalence

Overall figures for the prevalence of Barrett’s esoph-
agus do not take into account the considerable varia-
tions with age and gender. A strong piece of evidence
for Barrett’s esophagus being an acquired disorder is
the increasing incidence with age. In two endoscopic

series, the prevalence of Barrett’s esophagus at dif-
ferent ages was recorded [12,13]. The numerator
was the number of patients with Barrett’s esophagus
in a particular age group, the denominator being the
total number of patients in that age group having en-
doscopy for any indication. In the Italian multicenter
study the prevalence of Barrett’s esophagus rose pro-
gressively from age 30 to 70 years [12]. In our Mayo
Clinic report, we had information on all ages from
childhood to old age [13]. We found a very low
prevalence in children, after which the prevalence
rose fairly steadily with increasing age to reach about
1% after age 60 years (Fig. 2.1 [24]). In amore recent
study, we again found the prevalence of Barrett’s
esophagus increasing with age from 20 to over 70
years [23]. We found that 50% of the maximum
prevalence was reached about age 40 years, repre-
senting the median age of developing Barrett’s
esophagus [13]. However, the mean age of diagnos-
ing Barrett’s esophagus was 63 years [13]. We sug-
gested that, on average, a newly diagnosed Barrett’s
esophagus had actually been present but undetected
for over 20 years.

Barrett’s Esophagus in Children

Although rare, Barrett’s esophagus may occur in
children. In our endoscopic series, we found Bar-
rett’s esophagus in none of 176 patients aged 0-9
years and in 1 of 679 patients aged 10-19 years [13].
El-Serag et al. reported 402 children, mean age 9.7

Males
124
1.1
1.0 Males and females
* 0.9
&
5087 Females
£ 0.7
2 0.6
£ 05— Fig. 2.1 The prevalence of Barrett’s
[
£ 0.4 esophagus in patients having clinically
D 0.3 indicated endoscopy. Prevalence in-
0.2 creases with age. Half the maximum
0.1 prevalence is reached about age 40
0.0 i T T T T T ] years. The male to female ratio was
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 2:1.Reproduced with permission from
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years, who had endoscopy for reflux disease [25].
Erosive esophagitis was found in 35 %, but no case of
biopsy proven Barrett’s esophagus was found. In a
literature review, Hassall found 36 reported cases of
Barrett’s esophagus in six series with biopsy proven
intestinal metaplasia in children or young adults
[26]. He concluded that Barrett’s esophagus was
much rarer in children than in adults. The youngest
proven case was at age 7 years. The evidence re-
viewed by Hassall indicated that even in childhood
the condition was acquired and associated with
gastroesophageal reflux.

Gender

The prevalence of Barrett’s esophagus is higher in
men than in women. In the Italian multicenter
study, Barrett’s esophagus was found in 1.0 % of
men versus 0.39% of women endoscoped, a ratio of
2.6:1.0 [12]. Likewise, at the Mayo Clinic, Barrett’s
esophagus was found in 0.97% of men and in 0.49 %
of women having endoscopy (see Fig. 2.1), a ratio of
2.0:1.0 [13]. A later report of 44 721 endoscopies
showed 636 Barrett’s esophagus, with a male to
female ratio of 1.7:1.0 [15]. It is of interest to note
that male predominance for adenocarcinoma of 3: 1
in the UK [27] and 8:1 in US Whites [28] is even
greater than the approximately 2:1 male predomi-
nance for Barrett’s esophagus. The causes of the
increased prevalence of Barrett’s esophagus and
adenocarcinoma in men are unknown.

Severity and Duration of

Reflux Symptoms

Barrett’s esophagus is found more often in patients
with symptoms of esophageal reflux than in those
without such symptoms. However, the severity of
reflux symptoms has not proved helpful in distin-
guishing between patients with uncomplicated re-
flux esophagitis and those with Barrett’s esophagus.
The length of reflux symptoms may be more discrim-
inating. Winters et a/. found the mean duration of
symptoms to be 15 years in Barrett’s esophagus, not
significantly different from 13.5 years in those found
to have reflux esophagitis, both groups being longer
than the mean 8.8 years in those with non-erosive
reflux disease [19]. Lieberman et al. studied patients

having endoscopy for reflux symptoms [29]. Com-
pared to patients with reflux symptoms for less than
1 year, the odds ratio for Barrett’s esophagus in pa-
tients with symptoms for over 10 years was 6.4. In
1999 Hirota et al. found the mean duration of reflux
symptoms to be 3.5 years in patients without long
segment and 20 years in those with long segment
Barrett’s esophagus [14].

Barrett’s Esophagus without

Reflux Symptoms

If an estimated 5% of patients with reflux symptoms
and 1.5% of all patients having endoscopy have Bar-
rett’s esophagus, then clearly the condition is found
more often in symptomatic people. However, Bar-
rett’s esophagus may occur in patients with no histo-
ry of heartburn oracid regurgitation. In a prospective
Italian multicenter study of 14 98 patients having
routine endoscopy, Barrett’s esophagus was found in
8% of those with heartburn, 25 times the prevalence
of 0.32% in those without heartburn [12]. In this
report, 40% of subjects with Barrett’s esophagus did
not have reflux symptoms, being endoscoped for
other indications. In patients with adenocarcinoma
and Barrett’s esophagus found simultaneously
[30-32], only some 60% gave a reflux history pre-
ceding the onset of cancer-related symptoms. These
results also showed that about 40% of subjects with
Barrett’s esophagus in the population donot have re-
flux symptoms. It follows that any proposal to screen
people with reflux symptoms in the general popula-
tion for cancer prevention by early detection of
Barrett’s esophagus would miss 40% of cases.

In two more recent studies, upper endoscopic
screening for Barrett’s esophagus was performed
in subjects scheduled for lower gastrointestinal en-
doscopy. Gerson and Shetler reported long segment
Barrett’s esophagus in 7% and short segment Bar-
rett’s esophagus in 17% of 110 essentially asympto-
matic subjects [33]. These frequency levels seem
incongruent with other reports and clinical observa-
tions. In a similar study design, Rex et al. found long
segment Barrett’s esophagus in only 0.36% and
short segment Barrett’s esophagus in 5% of 556
subjects with no history of heartburn [34]. In 384
patients with a history of any heartburn, Rex et al.
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found long segment Barrett’s esophagusin 2.6 % and
short segment Barrett’s esophagus in 6%. Thus, in
this report, long segment Barrett’s esophagus was
seven times more prevalent in those with versus
those without heartburn. In both these reports, short
segment Barrett’s esophagus was more prevalent
than long segment Barrett’s esophagus.

Race and Geographic Differences

Thebestavailable data regards the prevalence of Bar-
rett’s esophagus in patients having routine upper en-
doscopy for all indications. As noted previously (see
Table 2.1), series from the USA, Western Europe, and
Australasia showed long segment Barrett’s esopha-
gusin a mean of 1.5% of patients having endoscopy.
Table 2.2 shows data for long segment Barrett’s
esophagus from non-Western countries [35-40].
Barrett’s esophagus was found in comparable preva-
lence to the West in Iran and Turkey, but was rare in
Oriental countries. Geographic variations in preva-
lence could be due to genetic differences between
racial groups, or to environmental differences such
as diet. Itis therefore interesting to look at the preva-
lence of Barrett’s esophagus in different racial groups
living in the same country, who may share a more
similar environment. For example, Mason and
Bremner reported from South Africa that only 5% of
their Barrett’s esophagus patients were Black, in a
city with an 80% Black population [41]. Table 2.3
shows data on the prevalence of long segment Bar-
rett’s esophagus in different racial groups examined
in the same endoscopy units [14,17,37]. The data in
Table 2.3 indicates that the low prevalence of Bar-

rett’s esophagus in Blacks and Asians is maintained
when they live in Western countries. The relative
contribution of genes versus environment causing
these racial differences is not known.

Barrett’s esophagus is a consequence of gastroe-
sophageal reflux. Although data are limited, a
literature review showed that, as well as Barrett’s
esophagus, the community prevalence of reflux
symptoms and the endoscopic prevalence of
esophagitis were lower in Asian and Afro-Caribbean
subjects than in Whites [42]. More prevalent reflux
disease in Whites may account for their higher
prevalence of Barrett’s esophagus. One likely cause
for increased reflux disease in Western countries is
their greater dietary calorie and fat intake per capita
[43], with associated obesity. For example, popula-
tion energy intake per capita in 1998 was 2800
kcal/day in Japan, versus 3800 kcal/day in the USA.
Another possible cause of increasing reflux disease
and its complications is a declining prevalence of
Helicobacter pylori infection.

Population Prevalence of

Barrett’s Esophagus

Gastroesophageal reflux symptoms are common in
the general population. In the USA and Western Eu-
rope, about one in five adults have symptoms at least
once weekly [44-47]. Assuming about one in 20 per-
sons with weekly reflux have Barrett’s esophagus,
one can estimate that about one in 100 of the gener-
al population has Barrett’s esophagus, an under-
estimate because some cases are asymptomatic.
Allowing for 40% of cases being without reflux

Table 2.2 Prevalence of Barrett’s esophagus (BE) at endoscopy in non-Western countries.

Authors Country Patients (n) BE (n) BE (%)
Nasseri-Moghaddam et al. 2003 [35] Iran 269 10 3.70
Toruner etal. 2004 [36] Turkey 395 7 1.50
Rajendra etal. 2004 [37] Malaysia 985 32 1.60
Lee etal. 2003 [38] Korea 1553 5 0.30
Azuma etal. 2000 [39] Japan 650 4 0.60
Wong etal. 2002 [40] China 16606 3 0.02
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Table 2.3 Prevalence of Barrett’s esophagus (BE) in patients of different racial groups examined in the same endoscopy

units.

Authors Country Race n BE (n) BE (%)

Hirota etal. 1999 [14] USA White 611 40 6.5
Black 200 0 0.0

Rajendra et al. 2004 [37] Malaysia Malays 502 7 1.4
Chinese 824 10 1.2
Indians 659 15 2.3

Ford etal. 2004 [17] UK White 15063 690 4.6
Asian 5297 45 0.8

symptoms, this estimate is similar to the 1.5% of all
patients having endoscopy, for any indication, that
have Barrett’s esophagus.

We did an autopsy study to obtain a more direct
measurement of the population prevalence of
Barrett’s esophagus [48]. Over 18 months, the
esophagus at consecutive Mayo Clinic autopsies was
examined by a gastroenterologist. In 733 autopsies,
mean age 73 years, seven Barrett’s esophagus cases
were found, again approximately 1% of the total.
There were four Barrett’s esophagus cases in 226
cases in residents of Olmsted County. After adjusting
for age and sex to correspond to the general popula-
tion, the estimated prevalence of Barrett’s esophagus
in Olmsted was 376/100000. In another study [49],
no long segment Barrett’s esophagus was found in
223 autopsies; two cases had short segment Barrett’s
esophagus. In summary, approximately 1.5% of
older (over 60 years) persons in the general popula-
tion has Barrett’s esophagus.

Population Prevalence of Clinically
Diagnosed Barrett’s Esophagus
A distinction must be made between the true preva-
lence in the general population and the prevalence
of clinically diagnosed cases, which is quite different.
Most esophageal adenocarcinomas can be shown
to arise in Barrett’s esophagus, if surgical resection
specimens are carefully examined [50,51]. Follow-
ing shrinkage of primary tumor with preoperative
chemotherapy, Theisen et al. found Barrett mucosa
in association with 97% of distal esophageal adeno-
carcinomas [52]. However, in most patients with

adenocarcinoma, the Barrett’s esophagus is first
recognized when the patient presents with tumor-
related symptoms. Corley etal. found that only 5% of
333 esophageal adenocarcinomas had a Barrett’s
esophagus diagnosed more than 6 months before the
cancer [53]. Dulai et al. reported that only 4.7% of
1503 patients undergoing resection for adenocarci-
noma had a prior diagnosis of Barrett’s esophagus
[54]. It is probable that most of these cases had a
Barrett’s esophagus that would have remained
undetected if cancer had not developed.

There is other evidence indicating that most cases
of Barrett’s esophagus in the population have not
been diagnosed. We reported a population-based
comparison of autopsy and clinically diagnosed
prevalence of Barrett’s esophagus in 1990 [48].
The Mayo Clinic is located in Olmsted County,
Minnesota, and our medical record system allowed
ustoreview records on essentially all residents of this
county for research purposes. Clinically diagnosed
cases were those with a previous endoscopy showing
a 3cm or longer Barrett’s esophagus, and were still
livingin the county in January 1987. The age and sex
adjusted prevalence was 22.6/100000. The autopsy
estimate, as discussed above, was 376/100000,
about 16 times greater. We concluded that most cases
of Barrett’s esophagus in the population had not
been diagnosed. We repeated the clinically diag-
nosed Olmsted study [55]. In 1998, the prevalence
of clinically diagnosed Barrett’s esophagus was
82.6/100000 in the county. We did not repeat the
autopsy study, but if we assume that the true popula-
tion prevalence is the same as 11 years earlier, we
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had now detected about one in five cases of Barrett’s
esophagus in our county. Clearly, most cases of Bar-
rett’s esophagus in the population remain undiag-
nosed, although more are being found with the
increased use of endoscopy. The implication is that
surveillance and treatment of early malignancy in
presently known cases of Barrett’s esophagus will
have only a small impact on the population death
rate from esophageal adenocarcinoma.

Is the True Prevalence of Barrett’s
Esophagus Changing?

The incidence of adenocarcinoma of the esophagus
has increased greatly in the last few decades
[27,56,57]. Barrett’s esophagus is the principal pre-
cursor lesion, found in 60-90% of cases of adenocar-
cinoma [50-52]. More cases of Barrett’s esophagus
are now being diagnosed than 40-50 years ago.

Mayo population-based data from Olmsted Coun-
ty, Minnesota [55] showed a 28-fold increase in
clinically diagnosed Barrett’s esophagus (new cases)
from 0.37/100000 in 1965-1969 to 10.5/100000
population in 1995-1997. Over the same time inter-
val, the number of gastroscopic examinations per
100000 population increased 22-fold. We suggested
that the increase in diagnosed cases was mostly due
to increased use of endoscopy. Caygill et al. reviewed
44721 endoscopies at a single UK hospital; 636 had
Barrett’s esophagus [15]. The proportion of endo-
scopic examinations that showed a new case of Bar-
rett’s esophagus rose steadily from 0.2% of 6500 in
1977-19811t01.6% of 16 500in 1992-1996. The au-
thors concluded that the increase might be due to an
increasingreal incidence, or toincreased recognition
of the disease by endoscopists, or to both. Todd et al.,
in Scotland, also used a large endoscopic database to
determine the diagnosis rate of Barrett’s esophagus
(>3 cm) in patients having routine upper endoscopy
[16]. New diagnosis of Barrett’s esophagus rose from
0.08/100 endoscopies in 1980 to 1.45/100 in 1995,
an 18-fold increase. The authors concluded that
some of this increase, especially a rapid eightfold in-
crease between 1987 and 1989, may have been due
to increased awareness of the condition by endo-
scopists. A real increase in the incidence of Barrett’s
esophagus was also proposed.

Older reports show that Barrett’s esophagus could
be found if looked for. Allison and Johnstone re-
viewed the records of the Thoracic Surgical Depart-
ment at Leeds, England, 1950-1953 [2]. Rigid
endoscopy showed that 11 (9.6%) of 115 patients
with esophageal stricture had Barrett’s esophagus
with a columnar lined segment of esophagus below
the stricture but above the hiatal hernia. In another
early paper, Naef and Savary in Switzerland reported
on 4950 endoscopies 1963-1971; 62 patients
(1.25%) had Barrett’s esophagus [9]. This propor-
tion is similar to series reported 25-30 years later, as
seenin Table 2.1.

The author interprets the data to show that the
real population prevalence of Barrett’s esophagus
may not have greatly increased past 40-50 years, and
that greater recognition of the condition and more
extensive use of endoscopy can explain most of the
increased detection of new cases in recent years.

There is no epidemiologic data on Barrett’s esoph-
agus prior to the first description by Barrett in 1950
[1]. However, most esophageal adenocarcinomas
arise in Barrett’s esophagus, and the incidence of this
cancer has greatly increased in the past 30-40 years,
so it is very possible that the prevalence of Barrett’s
esophagus was lower earlier in the 20th century. It
will be interesting to see in future, whether adoption
of a more Western diet and lifestyle in non-Western
countries is associated with an increasing prevalence
of Barrett’s esophagus.

Genetic and Familial Aspects

There are many reports of families with multiple
relatives in successive generations having Barrett’s
esophagus, as illustrated in Fig. 2.2 [58-60]. Other
members of these families had reflux disease with-
out Barrett’s esophagus, and an autosomal dominant
liability to reflux, predisposing to Barrett’s esopha-
gus, was proposed.

Twin studies provide evidence for a genetic
component in the causation of reflux disease. In
two studies, concordance for reflux symptoms
was greater for monozygotic than for dizygotic
twins. Cameron et al. reported 8401 Swedish twin
pairs age 55 years or older [61]. Heritability account-
ed for an estimated 31% of the liability to reflux.
Mohammed etal. reported 1960 twin pairsin the UK,
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Fig. 2.2 Familial Barrett’s esophagus.
Six members of this family had Barrett’s
esophagus, three with esophageal ade-
nocarcinoma. Other relatives had acid
peptic (reflux) disease. An autosomal
dominant inheritance of reflux in this
family was proposed. Reproduced with
permission from Jochem et al. [59].

<

mostly women [62]. It was estimated that additive
genetic factors accounted for 43 % of the liability to
reflux. These twin studies did not address Barrett’s
esophagus.

We and Trudgill et a/. used questionnaires to inves-
tigate symptoms in the first-degree relatives of con-
secutive patients with Barrett’s esophagus [63,64].
Compared to matched controls, the Barrett’s
esophagus relatives had a 2.2 [63] to 4.8 [64] times
increased risk for weekly or more frequent reflux
symptoms. Our group then did endoscopy in symp-
tomaticrelatives of patients with Barrett’s esophagus
and in unrelated controls with similar reflux symp-
toms. [65,66]. We found long segment Barrett’s
esophagusin 8.4% of 191 symptomaticrelatives, sig-
nificantly more than in 4.2% of 287 symptomatic
controls. Barrett’s esophagus was rare in asympto-
maticindividuals.

These findings indicate that genetic factors con-
tribute to the development of reflux disease, and also
contribute to the progression from reflux disease to
Barrett’s esophagus. Studies to identify the genes
involved are currently in progress.

Lifestyle Factors

Asnoted above, genes are partly responsible for the
development of reflux disease and Barrett’s esopha-
gus, but cannot account for all; environmental fac-
tors are also important. Limited information on this
isavailable. In a case-control study, Caygill efal. com-

Toopopme

pared 101 patients with Barrett’s esophagus with an
equal number with reflux esophagitis [67]. Obesity
and smoking showed no difference between groups;
alcohol use was about twice as common in the Bar-
rett’s esophagus group, but this did not reach statisti-
cal significance. Conio et al. used a questionnaire in
109 short segment Barrett’s esophagus and 40 long
segment Barrett’s esophagus cases, and controls
[68]. No significant difference was found for smok-
ing, alcohol use, or coffee intake between the groups.

Short Segment Barrett’'s Esophagus

The above discussion relates tolong segment Barrett’
esophagus. In other cases red columnar epithelium
extends into the lower esophagus in circumferential
or tongue-like extensions less than 3 cm in length,
with goblet cell metaplasia on biopsy. This is short
segment Barrett’s esophagus. Itis a significant lesion,
because adenocarcinomas may arise in short seg-
ment Barrett’s esophagus [69]. In consecutive pa-
tients having endoscopy, the reported prevalence of
short segment Barrett’s esophagus varied, being
2.3% [70], 6.0% [14] and 8% [71] in three series. In
our Mayo Olmsted County population-based study
in progress, we found no cases until 1985. Before
that time the diagnosis of short segment Barrett’s
esophagus was not recorded in our diagnostic index.
By 1995-1997, the incidence of finding short seg-
ment Barrett’s esophagus was 8.8/100 000, similar to
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the 10.5/100 000 person-years for new cases of long
segment Barrett’s esophagus. It is assumed that, as
for long segments, most cases of short segment Bar-
rett’s esophagus in the population are not currently
identified. The diagnosis of short segment Barrett’s
esophagus is often imprecise. Intestinal metaplasia
of the cardia without short segment Barrett’s esoph-
agus is common [70,72] and it is often impossible at
endoscopy to decide whether upward extensions of
the Z line are normal variants or short segment Bar-
rett’s esophagus. In a prospective study, 112 patients
were thought to have short segment Barrett’s esoph-
agus, mean length 2.1 cm, at endoscopy [6]. All had
biopsies of the columnar appearing mucosa, but only
36% had histologic confirmation of intestinal meta-
plasia. These problems are further discussed in
reviews [7,73].
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Epidemiology and Association with

Barrett’s Esophagus

Jesper Lagergren

Incidence

The incidence esophageal adenocarcinoma (EAC)
has been increasing steeply since the mid 1970s in
most industrialized populations. This increase has
been most pronounced in the UK, Australia, Nether-
lands, and USA, and less so in Eastern Europe and in
Scandinavia [1-5]. The increase is generally greater
among men and more so among Caucasians. In con-
trast, the incidence of esophageal squamous-cell car-
cinoma is more stable or has decreased slightly in
these populations [1-5]. Due to these incidence
changes, the occurrence of adenocarcinomas has
surpassed that of squamous-cell carcinomas in sev-
eral countries. Although the incidence of adenocar-
cinoma of the esophagus has increased, it has to be
stressed that this is still an uncommon disease. In
countries in which population-based incidence
figures are available, the number of new cases per
100000 White men during year 2000 varied
between 1 and 5 [5].

Tumor Classification

Ithasbeen suggested that the increasing incidence of
adenocarcinomas is explained by improvements in
diagnostic methods, mainly the introduction of
endoscopy, and an increased general awareness of
these tumors among endoscopists and others. This is
an unlikely explanation, however, since the trend
differs distinctly between men and women and the
incidence is still increasing during a period without

major changes in diagnostic procedures. Nor can the
increasing trend be explained by changes in tumor
classification of, i.e., a proximal shift of the classifica-
tion of tumors located near the gastroesophageal
junction, since there is an increase in both adenocar-
cinoma of the esophagus and the gastric cardia, and
again the increase is continuing. Therefore, the in-
creasing incidence is not likely to be explained by
misclassification.

Age, Sex, Race, and
Socioeconomic Factors

The age distribution is in line with most other can-
cers, with an increased risk with increasing age. The
median age at diagnosis is about 60 years. A striking
and probably important, but yet unexplained feature
of the incidence of EAC is the strong (7: 1) male pre-
dominance, similar in all populations studied [1-5].
The incidence of EAC is higher among Caucasians as
compared to non-Caucasians [1-5], which is possi-
bly explained by differences in socioeconomic vari-
ables [1]. The knowledge of any influence of various
socioeconomic factors is very limited and the avail-
able reports are contradictory [6]. There are indica-
tions that low socioeconomic status, based on
measures of income and education, might increase
the risk also of these tumors [7-10], but inconsistent
results [9,11] and the use of different measures of
socioeconomic status makes comparisons and inter-
pretations difficult.
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Heredity

Familial clustering of Barrett’s esophagus as well as
EAC has been reported [12,13]. However, in three
large population-based studies of familial occur-
rence, no evidence of family history of gastrointesti-
nal cancer among cases of EAC was found [14].
Therefore, the influence of genetic factors in the pop-
ulation-based setting seems to be limited. Moreover,
achange of gene poolin 20-30 years that can explain
the increase in incidence of this tumor is unlikely.

Barrett’s Esophagus and
Gastroesophageal Reflux

Patients with Barrett’s esophagus have an excess risk
of developing adenocarcinoma ranging between 30
and 400-fold [17-24]. In studies of large sample size,
the excess risk has been estimated to be 30 to 60-fold
relative to the risk of the general population
[18,19,22,24], and a majority, if not all, cases with
adenocarcinoma of the esophagus arise from a Bar-
rett’s mucosa [25]. The role of gastroesophageal re-
flux—or reflux symptoms—persein the development
of EAC has been investigated in four recent large epi-
demiological studies. In a medical record-based case-
control study in the USA, a twofold increased risk of
esophageal or cardia adenocarcinoma was found
among persons with a recorded history of gastroe-
sophageal reflux disease (GERD), hiatus hernia,
esophagitis/esophageal ulcer, or difficulty in swal-
lowing [26].In a Swedish population-based, nation-
wide case-control study, information on the subject’s
history of gastroesophageal reflux was collected in
personal interviews [27]. Among persons with re-
current symptoms of reflux occurring at least once
per week, the risk of EAC was increased eightfold.
The more frequent, more severe, and longer-lasting
the symptoms of reflux, the greater the risk. Among
persons with both long-standing and severe symp-
toms of reflux, the odds ratio was 43.5 for EAC. Since
this relative risk was in the level of that observed for
the relation between Barrett’s esophagus and EAC,
and due to the finding that the relation between re-
flux and this cancer seemed to be independent on
the occurrence of Barrett’s esophagus the critical role
of Barrett’s before in the etiology of EAC was chal-

langed [27]. However, the accumulated data seem to
support that Barrett’s esophagus is truly a necessary
intermediate step in the causal pathway between re-
flux and EAC [25]. In a case-control study of similar
design in the USA, there was also a dose-response
relation between reflux symptoms and EAC [28].
A more recent population-based cohort study of
65000 male patients with a diagnosis of heartburn,
hiatus hernia, or esophagitis revealed a ninefold
increased risk of EAC among patients with an
endoscopically verified esophagitis [29]. The risk
estimates increased with increasing follow-up time
(P for trend = 0.03). Based on available studies, it is
possible to establish that reflux is a major risk factor
for EAC.

Body Mass

A high body mass index (BMI) has been found to be
a risk factor for adenocarcinoma of the esophagus
in several epidemiological case-control studies
[30-32]. Three recent large population-based stud-
ies all show similar results; i.e., a strong and dose-
dependent association between increasing BMI and
risk of EAC, seemingly independent of reflux symp-
toms [30-32]. Among persons with a historical BMI
above 30, the relative risk of developing EAC has
been found to be as high as 16 compared with the
leanest (BMI<22) [31]. Moreover, the first prospec-
tive study of this association reveals a clear associa-
tion between obesity and this cancer [33]. However,
the mechanism behind this association remains to
be identified [34]. Although obesity is common in
Western societies and the prevalence is increasing
[35], the sex distribution and the steepness of the
increase in prevalence do not match that of the
incidence of EAC well; therefore, the increasing
incidence of EAC is not entirely explained by this
association.

Tobacco Smoking

Several studies have reported a moderately in-
creased risk of adenocarcinoma of the esophagus
among tobacco smokers [9,32], while a few studies
did not [36]. A recent study with prospective expo-
sure collection revealed a moderate association [33].
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Taken together, there seems to be an association
between smoking and EAC, but the strength is
considerably weaker than that with squamous cell
carcinoma [9,32,33,36].

Alcohol Drinking

There seems to be no positive relation between
alcohol consumption and the risk of adenocar-
cinoma of the esophagus. The results from four large
population-based case-control studies [9,32,33,36],
including one study with prospective data collection
[33], are all in agreement that no such association
exists, independent of the type of alcoholic beverage
consumed.

Helicobacter pylori

In a case-control study by Chow et al. it was found
that infection with Helicobacter pylori as measured by
positive results for both immunoglobulin G (IgG)-
serology and CagA-positivity decreased the risk of
esophageal or cardia adenocarcinoma by 60% [37].
However, a study of similar design by Wu et al. re-
vealed no association between H. pylori-infection
and EAC [38]. A recent Swedish population-based
case-control study revealed that regardless of
whether IgG enzyme linked immunosorbent assay
(ELISA), CagA, or both were used as indicator of
infection, there was a significantly 50-80% reduced
risk for EAC [39]. Hence, an inverse relation be-
tween H. pyloriinfection and risk of adenocarcinoma
of the esophagus is likely, but not yet clearly proven
[37-39]. The postulated mechanism for the protec-
tive effect of H. pylori is through its ability to cause
atrophic gastritis, and possibly also by increas-
ing intragastric ammonia production [40]. This
mechanism was recently challanged in the Swedish
case-control study, however, since the inverse
association between H. pylori and EAC remained
unaffected after adjustment for gastric atrophy [39].

Diet

The knowledge of the influence of dietary factors
is sparse and the available studies are susceptible
to bias [41]. Confounding by dietary variables is a

source of error that is difficult to reliably adjust for.
However, low intake of fruit and vegetables is an
established dietary risk factor [42,43]. The antioxi-
dants in these dietary items might have a particular
protective effect [42,44]. Furthermore, low intake of
dietary fiber seems to increase the risk according to
two large population-based case-control studies
[42,45]. Other potential dietary risk factors include
high intake of dietary fat, dietary cholesterol, and
animal protein [42].

Lower Esophageal Sphincter
Relaxing Drugs

Some data suppport that a continuous and long-
standing use of medications that can relax the lower
esophageal sphincter (LES), and thereby cause
gastroesophageal reflux, may increase the risk of
developing adenocarcinoma of the esophagus [46].
Groups of medications that were introduced before
the increase in incidence of EAC started included
nitroglycerins, aminophylline, B-receptor agonists,
anticholinergics, and benzodiazepines. A use of any
of the medications in these five groups for more than
5 years increased the risk of EAC significantly and
more than twofold. After adjustment for reflux
symptoms, this association disappeared, indicating
that the mechanism behind the association might
be reflux as hypothesized [46]. In a study from the
USA, there was no clear sign of an association be-
tween drugs that can relax the LES and the risk of
EAC [47]. Hence, the relation needs to be further
studied.

Non-Steroidal
Anti-Inflammatory Drugs

Numerous studies have indicated an antitumoral
effect on gastrointestinal tumors by the use of
non-steroidal anti-inflammatory drugs (NSAIDs),
especially by using selective cyclooxygenase-2
(COX-2) inhibitors [48,49]. Overexpression of COX-
2 hasbeenidentified in EAC [50-52]. Tumor growth
in esophageal cancer is reduced by the treatment
with COX-2 inhibitors [53]. Epidemiological studies
have shown areduced risk of developing esophageal
cancer among individuals using NSAIDs [54-56].
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However, a large, prospective nested case-control
study has suggested that the occurrence of upper
gastrointestinal disorders could distort the associa-
tion between NSAIDs and esophageal cancer risk
[57]. The inverse association in previous research
might be explained by lack of appropriate adjust-
ment for such disorders. Therefore, the relation be-
tween NSAIDs and EAC remains uncertain.

Explanations for
the Increasing Incidence

Gastroesophageal reflux is the strongest risk factor
for EAC, but it is uncertain whether this factor can
explain the increasing incidence of this tumor. If re-
flux is the main reason for the increasing incidence of
EAC, the incidence of reflux disease should have
risen during recent decades. There is, unfortunately,
no data available on the incidence of GERD, only
prevalence figures. In a study of hospitalization for
reflux disease, the prevalence of diagnoses repre-
senting GERD had increased [58], but the recording
of reflux disease in the medical records might not
mirror the true incidence of the disease. In that
sense, it might be more appropriate to evaluate the
prevalence of reflux symptoms in population-based
studies. According to such studies, there are no clear
signs of an increasing prevalence in earlier studies as
compared to more recent ones [59-61]. However,
differencesin design and populationsin these studies
makes comparisons difficult. Hence, there are as yet
no data that establishes any increasing incidence of
reflux disease. Moreover, the strong male predomi-
nance among patients with EAC is not compatible
with the even sex distrubution of reflux in the
population [62].

If the incidence of reflux is rising, this increase in
turn could be caused by some environmental factor.
One such potential factor is the use of medications
that relax the LES and thereby facilitate reflux. As
discussed above, a positive association between pre-
vious use of such medications and the risk of EAC has
been identified [46]. However, another study of
similar design in the USA showed conflicting results
[47]. The increasing use of these drugs in the 1960s
and 1970s may still have contributed to the increase
inincidence of EAC.

It would be tempting to attribute the increase
in the incidence of EAC to the increase in average
body mass observed in Western populations [35].
However, the apparently sudden deflection of the
incidence curve for EAC, [1-5], the rapidity of the
increase, [1-5], and the marked, six to eightfold,
male predominance, [1-5] are observations not
consistent with this interpretation.

Tobacco smoking has been proposed to be a risk
factor contributing to the rising incidence of adeno-
carcinoma of the esophagus [9]. The association be-
tween smoking and squamous cell carcinoma of the
esophagus is much stronger than that with adeno-
carcinoma [9,32,33,36]. Furthermore, smoking has
declined markedly among men, as reflected by a de-
creasing incidence of lung cancer [63], while the in-
creasing incidence of EAC is strongest among men
[1-5]. Taken together, tobacco smoking does not
seem to be the main reason for the increasing
incidence of these tumors.

It has been suggested that this increase is linked to
falling rates of H. pyloriinfection in Western societies
[37], and the majority of available studies point to an
inverse relation between infection with H. pylori and
risk of EAC [37-39]. There are a limited number of
studies, and the sex distribution of the infection does
not fit with the distribution of patients with EAC.

In conclusion, gastroesophageal reflux, use of
medications that might cause such reflux, obesity,
and decreasing occurrence of infection with H. pylori
might all be factors that contribute to the increasing
incidence of adenocarcinoma of the esophagus. A
general problem is that the sex distribution of these
factors does not match the strong male predomi-
nance of EAC. Itis probably a key task to thoroughly
address the reasons behind this sex distribution be-
fore we can confidently establish the reasons for the
increasing incidence of this tumor.

Prognosis

Although the survival rates among patients with
EAC have improved during recent years [64,65], the
5-year survival of 10% is still a dismal figure [66].
The poor survival rates indicate that all attempts to
improve the therapy have only to a limited degree
contributed to an improved overall survival. Surgery
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alone remains the only potentially curative treat-
ment [67]. Some authors have reported a better
survival rate among patients with cancer emerging
from a Barrett’s mucosa [68,69] compared with
esophageal malignancies without this metaplasia.
This might be explained by more prevalent symp-
toms of gastroesophageal reflux in the Barrett’s
group, leading to earlier endoscopy and confirma-
tion of the diagnosis at an earlier tumor stage. Fur-
thermore, the recent introduction of endoscopic
surveillance programs among patients with Barrett’s
mucosa in many endoscopy units mightimprove the
long-term survival in this defined group of patients.
To reduce the mortality in EAC, it is important not
only to optimize the therapy but, probably even
more importantly, to identify risk factors that might
make primary prevention possible.

Endoscopic Screening
or Surveillance

The poor survival rates for adenocarcinoma of the
esophagus are improved mainly by early tumor de-
tection [70]. Therefore, it is important to identity
absolute high-risk persons in whom endoscopic
screening or surveillance might be warranted. Since
reflux symptoms are common [62] and EAC is still
an uncommon disease, endoscopic screening in re-
flux patients would rapidly overtax available health
care resources [27]. The possible benefits of endo-
scopic screening should not exceed the costs and in-
conveniences for patients and health care systems.
In are-analysis of Swedish nation-wide case-control
data, the number of endoscopies needed to identity
one esophageal or cardia adenocarcinoma in persons
with various combinations of both obesity and reflux
was determined [71]. The risks were combined in a
multiplicative manner, and among obese persons
with recurrent reflux symptoms the odds ratio was
184 for EAC compared with lean persons without
reflux. We then estimated the number needed
to survey to detect one esophageal or cardia
adenocarcinoma among men aged 50-79 years. Six
percent had the combination of BMI > 25 kg/m?and
reflux symptoms, but only 0.3 % of men aged 50-79
years had reflux and BMI > 30 kg/m?. The number of
persons needed to screen to detect one adenocarci-

noma varied from 2189 in the former stratum, to 594
in the latter. Thus, if 60 obese men aged 50-79 years
with reflux symptoms are followed for 10 years, one
esophageal or cardia adenocarcinoma will be ob-
served. In some other countries, the incidence fig-
ures of EAC are higher compared to those in Sweden.
According to a recent analysis based on data accrued
in the literature, screening endoscopy, but not sur-
veillance, might play arole among men over 50 years
with severe reflux symptoms [72]. In conclusion, itis
possible to identify a limited group with a relative
risk that greatly exceeds that of the general popula-
tion, but the absolute risk for the individual person is
closelylinked with the incidence of the cancer. Given
the poor results of treatment of the cancer when it
occurs and if the incidence of these tumors continues
to increase, future studies might find that surveil-
lance may be worthwhile.
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Introduction

The link between Barrett’s esophagus and
esophageal adenocarcinoma is widely accepted;
however, the etiopathogenesis of Barrett’s esopha-
gus is currently unclear. Although reflux of gastric
contents into the esophagus certainly plays an im-
portant role, it is likely that inflammatory, environ-
mental, and genetic factors are also involved.
Understanding the pathogenesis of Barrett’s esopha-
gus will be important to define those at highest risk of
developing esophageal adenocarcinoma in order to
develop preventative and therapeutic strategies.

Cell of Origin

Following the first referral to the columnar-lined dis-
tal esophagus as Barrett’s esophagus [1], several
theories have evolved as to the origin of the meta-
plastic cells. It was not until 1970 that an experimen-
tal animal model conclusively demonstrated that
Barrett’s esophagusis in fact an acquired rather than
a congenital condition [2]. However, the conversion
of squamous to columnar epithelium is a poorly un-
derstood process, particularly in comparison to ep-
ithelial metaplasias at other sites such as the cervix
[3]. Furthermore, the cell of origin for Barrett’s
esophagus has not yet been definitively described al-
though there are three major hypotheses: (i) proxi-
mal migration of gastric or junctional columnar
epithelium to replace the damaged epithelium
(“transitional zone metaplasia”); (ii) transdifferation
of damaged stem cells in the exposed papillae of in-
flamed squamous mucosa (“de novo metaplasia”);
and (iii) migration of stem cells in the glandular neck
region of esophageal ducts following squamous mu-
cosal damage (“duct cell metaplasia”) (Fig. 4.1). In-

terestingly, theories for the mechanism of squamous
re-epithelialization of Barrett’s esophagus following
acid suppression combined with either potassium ti-
tanyl phosphate (KTP) laser photoablation or photo-
dynamic therapy are essentially the same as those
listed above [4]. Thus, itis possible the same stem cell
may be responsible for the production of squamous
epithelium under normal conditions and columnar
epithelium of Barrett’s esophagus following chronic
reflux. Once metaplasia isinitiated in the esophagus,
itis thought that columnar cells colonize the mucosa
rapidly within 3 years, with only 5-10% of meta-
plasias increasing in surface area thereafter [5]. Oth-
ers have reported that Barrett’s esophagus develops
in a matter of weeks [6].

Animal models have provided some information
regarding the metaplastic cell origin. Early experi-
ments in dogs by Bremner et al. suggested that, fol-
lowing denuding of the squamous epithelium, the
columnar epithelium originates by proximal migra-
tion of gastric or junctional columnar epithelium [2].
Importantly, this study also showed that maximal
columnarization of the esophagus requires mucosal
damage, an impaired lower esophageal sphincter
(LES), chronic reflux and low gastric clearance. In
addition, atleast in the dog, a minimum of 8 weeks is
required for maximal changes following mucosal
damage. However, other studies have challenged the
theory of proximal migration and provided evidence
that the metaplastic epithelium originates from cells
in the native esophagus [7]. In another canine study,
amodification of that performed by Bremner et al., a
ring of squamous epithelium was left intact distal to
the denuded area, which demonstrated that the
resultant columnar epithelium regeneration could
not have originated from the stomach. Instead, the
metaplastic cells appeared to have arisen from
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stomach

(a)

(b)

(c)

Fig. 4.1 Three theories for the cell of origin in Barrett’s
esophagus. (a) Transitional zone metaplasia—gastric or
junctional columnar epithelium (wide arrow) migrates
proximally to replace the damaged squamous of the lower
esophagus. (b) De novo metaplasia—stem cells located in
the papillae of the basal layer (B) of the squamous epitheli-
um (Sq) transdifferentiate to form Barrett’s epithelium
(BE). (c) Duct cell metaplasia—stem cells in the glandular
neck region of esophageal ducts (arrow) migrate to form
the columnar-type epithelium following squamous mu-
cosal damage.

undifferentiated cells in the glands or ducts within
the esophagus (de novo or duct cell metaplasia) [7].
In addition, the presence of cytokeratin 13 in
Barrett’s epithelium, which is characteristic of
squamous epithelia but is not present in the
columnar epithelium of the cardia, further suggested
that Barrett’s esophagus may originate from cells in
the native epithelium [8].

It has been proposed that the stem cells of the
squamous epithelium or adjacent esophageal glan-
dular tissue are induced to undergo an altered pro-
gram of differentiation following chronic damage
[9]. Furthermore, the cell of origin is likely to be a
pluripotential stem cell since cells, such as goblet and
parietal cells, not normally found in the esophagus
may be present in the regenerated epithelium.
Meyer et al. hypothesized that basal cells of the
esophagus exposed by erosive reflux damage, are
induced to transdifferentiate into columnar epithe-
lium (de novo metaplasia) [10]. In keeping with this
theory, it has been proposed that Barrett’s esophagus
develops directly from erosions in reflux esophagitis.
However, reflux esophagitis typically induces scat-
tered erosions in the distal squamous epithelium,
while Barrett’s esophagus usually involves the
whole circumference of the esophagus distally with
tongues of columnar cells extending proximally
[11]. Thus, it is unlikely that Barrett’s esophagus
originates and spreads from small erosions created
by reflux esophagitis.

Definitive studies on the cell of origin for Barrett’s
esophagus have been hampered by the lack of good
animal models, but also because it is rare to observe
the metaplastic change as it occurs in vivo. Recently, a
multilayered epithelium with morphological and ul-
trastructural characteristics of both squamous and
columnar epithelium, was described at the squamo-
columnar junction and within the columnar mucosa
of patients with Barrett’s esophagus [12—14]. Using
scanning electron microscopy, Shields et al. identi-
fied a unique surface cell at the squamocolumnar
junction that was only found in patients with Bar-
rett’s esophagus. These surface cells displayed the
concomitant presence of microvilli, intercellular
ridges, and surface microridges [12]. This is interest-
ingbecause microvilli are distinctive features of glan-
dular epithelium, whereas intercellular ridges and
surface microridges are distinctive of squamous epi-
thelium. In a second study, the same group detected
this unique cell in 37.5% of Barrett’s esophagus pa-
tients but not in control patients without Barrett’s
esophagus and this cell was found to overlie normal
squamous epithelium [14]. A study of cytokeratin
expression in this multilayered epithelium detected
cytokeratin 8 and 19 expression (columnar cell



markers) and focal groups of cells with cytokeratin 4
and 13 expression (squamousmarkers) [15]. Confir-
mation of a unique, mixed cellular phenotype of
multilayered epithelium has been provided by simi-
lar studies from another group [16]. Together, these
results haveled to the proposal that this multilayered
epithelium may represent an intermediate stage
in the metaplastic process secondary to the
transformation of pluripoptent basal cells originat-
ing from squamous epithelium or submucosal gland
ducts.

Extrinsic factors providing appropriate signals are
required for stem cells to alter their differentiation
program. Two such microenvironmental factors that
might mediate esophageal metaplasia are the reflux-
ate and inflammatory signals.

The Role of the Refluxate

It is well established that Barrett’s esophagus devel-
ops as a consequence of chronic reflux, and indeed
the theories for the cell of origin discussed above
depend upon reflux-induced damage to initiate the
metaplastic process. The prevalence of Barrett’s
esophagusisless than 1% in people without gastroe-
sophageal reflux disease (GERD), but is approxi-
mately 10% in those with GERD [17,18]. In a
case-control study, reflux symptoms were associated
with a sixfold increased risk of developing Barrett’s
esophagus and were strongest in individuals with
chronic symptoms [19]. Under normal circum-
stances damage to the mucosa of the esophagusis re-
paired by regeneration with squamous epithelium
from squamous stem cells located in the basal com-
partment (reviewed in [20]). It has been proposed
that when reflux exposure is repetitive and chronic,
denuded areas of the esophagus may be replaced
with metaplastic columnar epithelium as a protec-
tive mechanism. This new epithelium is more
acid resistant and pluripotent, thus it continues to
regenerate in the presence of a toxic luminal envi-
ronment. In aratreflux model, damage to the esoph-
agus was more readily regenerated with columnar
epithelium than with squamous epithelium, partic-
ularly under low pH conditions, suggesting that
columnar cells are inherently more resistant to acid
[21]. However, the exact role of reflux components

Pathogenesis of Barrett’s Esophagus 29

in the development of Barrett’s esophagus is pre-
sently unclear.

The key physiological determinants of whether a
patient with GERD develops Barrett’s esophagus
or not, appear to be low LES pressure, hiatal hernia,
the presence of acid and bile salts in the refluxate,
and longer episodes of reflux [22]. These will be
discussed in turn.

LES Pressure Patients with Barrett’s esophagus
have been reported to have lower LES pressure
than patients with uncomplicated GERD [23,24],
which may result in inappropriate LES relaxations
producing more frequent reflux episodes. In
addition, peristalsis in Barrett’s esophagus
patients may be impaired, leading to poor clearance
of refluxate and thus longer episodes of reflux
exposure [25].

Hiatal Hernia Hiatal hernia may also contribute
to an increased exposure to reflux. The combined
statistics from several early studies reported that
more than 90% of patients had hiatal hernia
[1,26,27]. Arecent study reported that hernia length
and hiatal openings are greater in patients with
Barrett’s esophagus than in control subjects with or
without esophagitis [28]. In this study, 96% of pa-
tients with Barrett’s esophagus and 71% of patients
with esophagitis also had hiatal hernia. Hiatal hernia
may increase reflux and impair esophageal clearance
by a number of mechanisms including lowering
LES pressure, trapping refluxate in the sac and
reducing the protective pressure of the crural di-
aphragm [29-32]. Thus, given the strong association
of Barrett’s esophagus with the presence of hiatal
hernia and the increased exposure to reflux in
patients with hiatal hernia, it is likely that hiatal
hernia plays a significant role in the development of
Barrett’s esophagus.

Gastric Refluxate Contents This is highly het-
erogeneous and its components can include saliva,
food, acid, mucous, and pepsin. In many patients
with Barrett’s esophagus, duodenal components
including bile salts, trypsin, lipase, and cholesterol
are also present [33]. Of these components, most
attention has been given to acid and bile in the
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development of Barrett’s esophagus and their role is
discussed in further detail in Chapter 5.

Reflux components other than acid and bile have
also been implicated in the pathogenesis of Barrett’s
esophagus. In a rabbit model, the addition of pepsin
to acid has been shown to be more damaging to the
mucosa than acid alone [34]. Gastrin has been
shown to induce proliferation and activate antiapop-
totic pathways in Barrett’s metaplasia, suggesting
that it may aid in the development and progression
of Barrett’s esophagus [35,36]. In another recent
study, expression of gastrin was shown to be in-
creased in non-dysplastic Barrett’s esophagus biop-
sies compared to biopsies from normal, dysplastic
and esophageal adenocarcinoma tissue [37]. Expres-
sion of gastrin is associated with induction of
cyclooxygenase-2 (COX-2) in Barrett’s esophagus
before development of dysplasia. Together with the
finding that gastrin induced proliferation in a COX-
2-dependent manner, these studies suggest that au-
tocrine production of gastrin may be involved in the
pathogenesis of Barrett’s esophagus, at least partly
through induction of COX-2 [37]. These studies give
credence to the proposal to use proton pump in-
hibitors in combination with COX-2 inhibitors as a
chemopreventive strategy.

Despite a wealth of evidence linking reflux and the
development of Barrett’s esophagus summarized
above, the molecular pathways involved are still
largely unknown. It is hoped that mouse models,
such as the combined surgical and carcinogen mouse
model of Barrett’s esophagus and esophageal adeno-
carcinoma developed by Xu et al. [38], may help to
understand the interplay between luminal factors
and the molecular mechanisms involved in the
pathogenesis of Barrett’s esophagus. For example,
use of this model on a p27 null background nearly
doubled the incidence of Barrett’s esophagus from
14% in wild-type animals to 26 % in p27null animals
[39]. In a further study, chronic administration of a
pan-inhibitor of cyclin-dependent kinases, flavopiri-
dol, markedly reduced the incidence of Barrett’s
esophagus on the p27 null background [40]. The
molecular mechanisms of Barrett’s carcinogenesis
will be discussed in more detail in a later chapter.

As only 5-10% of people with GERD have intesti-
nal metaplasia [41], it is evident that factors other
than reflux are involved in the pathogenesis of Bar-
rett’s esophagus. For example, a manometric and pH
study to determine the role of GERD in Barrett’s
esophagus showed that patients with Barrett’s
esophagus had similar quantities of acid reflux than
people with severe esophagitis without Barrett’s
esophagus [42]. Furthermore, use of proton pump
inhibitors to normalize esophageal pH improves
heartburn symptoms but does not lead to significant
regression of Barrett’s esophagus, suggesting that
suppression of acid is insufficient for reversing Bar-
rett’s esophagus [43]. Other studies also indicate that
surgical or pharmaceutical therapy to reduce or ab-
late reflux of acid and bile only result in partial re-
gression of the metaplastic mucosa [4,44-46]. This
may be due to the fact that a mild chronic inflamma-
tory infiltrate can remain despite correction of reflux
disease by acid suppressing drugs [4]. Thus, it is
possible that inflammation plays a large role in
the development and maintenance of Barrett’s
esophagus.

Inflammation in
Barrett’s Esophagus

Inflammation produced as a result of chronic reflux
may play an important role in creating the microen-
vironment around the cell of origin from which the
Barrett’s esophagus arises. Native esophageal mu-
cosa that has been damaged by acid and bile is com-
monly infiltrated by inflammatory cells of mixed
lineages [47,48]. Infiltration by acute inflammatory
cells is followed by T lymphocytes particularly at the
site of metaplastic foci [48]. T-cell infiltrates are pre-
sentin persistent areas of Barrett’s esophagus follow-
ing endoscopic ablation therapy, but are absent in
the new squamous epithelium, suggesting that lym-
phocytes may be important in the maintenance
of the metaplastic tissue [4,49]. One of the conse-
quences of the inflammatory cell infiltrate is the lo-
calized production of reactive oxygen species (ROS).
Indeed, increased production of ROS has been
detected in the mucosa of patients with Barrett’s
esophagus and/or esophagitis compared to normal



mucosa; however, there was no significant differ-
ence between Barrett’s esophagus and esophagitis
[50].ROS can have a plethora of biological effects on
cells including roles in cell cycle progression, signal
transduction, protein degradation, and DNA damage
(reviewed in [51]). Increased levels of DNA strand
breaks, pro-mutagenic 8-hydroxydeoxyguanosine
DNA lesions and lipid membrane damage have been
reportedin Barrett’s esophagus compared to the nor-
mal mucosa [52,53]. Upregulation of genes involved
in the production of ROS, such as COX-2 and nitric
oxide synthase (NOS), has also been reported in Bar-
rett’s esophagus [54-56]. To compound the problem,
the levels of glutathione and vitamin C, two media-
tors of antioxidant defence, are reduced in Barrett’s
epithelium [52,57]. Thus, ROS-induced DNA dam-
agemay beimportantnotonly in the development of
Barrett’s esophagus but may also contribute to the
development of dysplasia and ultimately esophageal
adenocarcinoma since DNA strand breaks may in-
crease the neoplastic potential of a cell.

ROS can also induce the production of cytokines
that can stimulate epithelial proliferation, survival,
and migration. For example, inflammatory infil-
trates have been shown to induce expression of Fas
ligand on metaplastic cells, which may support sur-
vival of metaplastic tissue by protecting from im-
mune surveillance [58]. Cytokines produced by the
inflammatory cells and by the Barrett’s epithelium in
response to inflammation may include transforming
growth factor-p (TGF-), interleukin-1f (IL-1), IL-
10, IL-4, interferon-y (IFN-y), and tumor necrosis
factor-a (TNF-a) [49,59]. It is possible that the spe-
cific cytokine profile may influence the esophageal
mucosal response to reflux. Individuals who develop
esophagitis display an acute inflammatory response
characterized by a Th1-type pro-inflammatory cy-
tokine profile with increased levels of IL-1f3, IL-8 and
IFN-v [59]. This type of response is associated with
a cellular immune response against infection and
malignancy. In contrast, a Th2-type cytokine profile
characterized by a small increase in IL-10 and an in-
crease in IL-4 is associated with Barrett’s esophagus
[59]. Interestingly, IL-4 has been demonstrated to
induce goblet cell metaplasia and mucin gene ex-
pression in airway epithelial cells [60]. A Th2-type
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response is indicative of a predominantly anti-
inflammatory response. In addition, this particular
cytokine profile in Barrett’s metaplasia does not
seem to be simply a result of the development of an
intestinal phenotype as this profile differed from that
of gastric antrum and duodenum, which displayed a
similar profile to each other [59].

The unique cytokine environment in Barrett’s
esophagus may be genetically predetermined. An
analogous example is observed in the development
of duodenal ulcer disease versus intestinal metapla-
sia and gastric cancer in patients with Helicobacter py-
lori infection [61]. El-Omar et al. demonstrated that
the outcome of infection is determined by specificIL-
1B polymorphisms, which influence IL-1p expres-
sion in the gastric mucosa [61]. Similarly, specific
cytokine profiles may determine whether patients
develop Crohn’s disease or ulcerative colitis [62].
However, it is yet to be determined whether the cy-
tokine profile is a causative factor in the develop-
ment of Barrett’s esophagus.

Role of Inherited Factors

There is some evidence from small case studies that
genetic factors may play arole in a proportion of Bar-
rett’s esophagus cases due to strong familial cluster-
ing [63-68]. The more extensive of these studies
reported a high prevalence of reflux symptoms,
esophagitis, Barrett’s esophagus (in some cases with
associated esophageal adenocarcinoma), and other
associated esophageal disorders within the families
of affected individuals over several generations
[64,66-68]. The pattern of affected individuals in
these studies suggest that there may be autosomal
dominant inheritable factors involved [64,66].
Indirect evidence for a role of inherited factors
comes from a much larger study comparing the
prevalence of reflux in families of patients with
esophageal adenocarcinoma, Barrett’s esophagus, or
esophagitis to that in the families of their spouses
[69]. Reflux symptoms were more common in rela-
tives of patients with esophageal adenocarcinoma
and Barrett’s esophagus than in spouse-control rela-
tives. However, recently it was reported that a higher
incidence of reflux symptoms in relatives of Barrett’s
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esophagus patients did not correlate with an in-
creased risk of Barrett’s esophagus when compared
to control cases with reflux symptoms but with no
family history of Barrett’s esophagus [70]. A study of
GERD in monozygotic and dizygotic twins also
showed a genetic effectinvolved in the development
of the disease, with an increased concordance for re-
flux in monozygotic twins compared with dizygotic
twins [71]. However, the incidence of Barrett’s
esophagus was not examined.

Drovdlicetal. and Chak et al. have produced sever-
al large studies on familial predisposition to Barrett’s
esophagus [72-74]. One study compared 58 subjects
with Barrett’s esophagus, esophageal adenocarcino-
ma, or gastroesophageal junction adenocarcinoma
and 106 control subjects with symptomatic GERD
without Barrett’s esophagus [74]. The prevalence of
Barrett’s esophagus, esophageal adenocarcinoma, or
gastroesophageal junction adenocarcinoma was ap-
proximately fivefold greater (24% vs. 5%) in first- or
second-degree relatives of case subjects compared
with control subjects. An endoscopic study to ident-
ify new cases of Barrett’s esophagus in relatives of
probands known to have familial Barrett’s esopha-
gus versus relatives of probands with “isolated” Bar-
rett’s esophagus found significantly more new cases
in the former group than the later, consistent with an
autosomally dominant inherited trait [73].

However, despite these studies, the actual genetic
mechanisms responsible for the proposed predispo-
sition to Barrett’s esophagus or esophageal adeno-
carcinoma are largely unknown. One candidate
gene may be GSTPI, which encodes for glutathione
S-transferase (GST), an enzyme involved in detoxifi-
cation. A higher occurrence of a polymorphic variant
of this gene, GSTP1b, which results in a significantly
lower GST enzyme activity and thus impaired detox-
ification, has been reported in patients with Barrett’s
esophagus compared to normal controls [75]. Large-
scale association studies are required to investigate
the role of such candidate genes in the pathogenesis
of Barrett’s esophagus.

While the studies described above indicate that a
subset of all Barrett’s esophagus cases may be ac-
counted for by an autosomal dominant transmission
of a high penetrance germline genetic predisposi-
tion, this is unlikely to be true for the majority of

Barrett’s esophagus cases. However, the majority of
“isolated” Barrett’s esophagus cases are likely to be
influenced by the effects of multiple low pene-
trance genes, which may modity the response to
environmental and lifestyle factors.

Host, Dietary, and Lifestyle Factors

The short time frame for the observed increase in
esophageal adenocarcinoma suggests environmen-
tal factors as etiological agents, possibly interacting
with genetically determined characteristics that de-
fine personal susceptibility. There are a number of
studies examining the association between diet and
the development of esophageal adenocarcinoma,
but there are little data available with regards to Bar-
rett’s esophagus. A recent study reported that the
plasma concentration of antioxidants, particularly
vitamin C, was significantly lower in Barrett’s esoph-
agus patients than in matched controls [57]. In addi-
tion, lower levels of vitamin C were also found in
Barrett’s mucosa compared to the normal squamous
mucosa from the same patients. Hence, there may be
a defect in the antioxidant status of the esophageal
mucosa, which makes these individuals more sus-
ceptible to the actions of ROS. However, itis not clear
whether the lower vitamin C levels are due to a
dietary insufficiency or a defect in absorption [57].
These data may explain the epidemiological
evidence linking low consumption of fruit and
vegetables with an increased risk of esophageal
adenocarcinoma [76]. In addition, the tendency for
lower plasma vitamin C to occur more frequently
in male compared with female Barrett’s esophagus
patients is interesting in view of the higher frequen-
cy of Barrett’s esophagus and esophageal adenocar-
cinoma in men [57].

Dietary nitrates have also been implicated in the
development of Barrett’s esophagus. Nitrates are ab-
sorbed from the small intestine into the bloodstream
and approximately 25% of this is secreted into the
mouth by the salivary glands, where it is rapidly con-
verted to nitrite by bacteria (reviewed in [77]). Ni-
trite in swallowed saliva is converted to nitrous acid
and nitrosating species upon contact with acidic gas-
tricjuice [78]. These nitrosating species have the po-
tential to form carcinogenic N-nitroso compounds



and can also induce oxidative stress through deple-
tion of antioxidant species. Ascorbic acid in the gas-
tric juice can convert the nitrosating species into
nitric oxide (NO) [79,80], thus protecting against the
effects of nitrosating species. However, NO reacts
with oxygen to form N,O,, which can damage DNA
directly or indirectly via reformation of N-nitroso
compounds (reviewed in [77]). In addition, NO itself
can interfere with DNA repair mechanisms, thus
contributing to mutagenesis [81]. A recent study
using an in vitromodel demonstrated that NO can dif-
fuse from the lumen into the epithelial cells [82]. In
normal subjects, the highest production of NO oc-
curs at the gastroesophageal junction where saliva
and gastric acid meet [83]. Therefore, in patients
with GERD the location where NO production
is highest is likely to be more proximal in the
esophagus.

Nitrite chemistry might be an attractive explana-

tion for the epidemiologic characteristics of

Lumen
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esophageal adenocarcinoma. The rising incidence
of esophageal adenocarcinoma over the past few
decades coincides with a 20-fold increase in the use
ot chemical nitrogenous fertilizers following World
War II [84]. In addition, esophageal adenocarcinoma
is more common in the middle socioeconomic
classes [85], who might be expected to be higher
consumers of green leafy vegetables, which are a
common dietary source of nitrates. In contrast, H. py-
lori infection is known to lower gastric juice ascorbic
acid concentrations [86] and is also negatively asso-
ciated with esophageal adenocarcinoma in one
study [87]. Presently it is unknown whether nitrite
chemistry in the esophagus is a direct contributing
factor to the pathogenesis of Barrett’s esopha-
gus, however the possibility requires further
investigation.

There is no association between the existence of
Barrett’s esophagus and coffee intake [19]; thisis de-
spite a positive association between coffee intake and
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Fig. 4.2 Pathogenesis of Barrett’s
esophagus is multifactorial. The combi-
nation of luminal components and in-
flammation of the esophagus mucosa
create a potent microenvironment, in-
volving oxidative stress, cytokine pro-
duction, and altered cellular kinetics,
which together induce metaplastic
change. This process is likely to be in-
fluenced by underlying genetic differ-
ences that define individual
susceptibility.
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reflux episodes in healthy subjects [88]. Alcohol and
tobacco smoking are unlikely to play a major role
in the development of esophageal adenocarcinoma
from existing Barrett’s esophagus [89], however
there is some suggestion that they may influence the
development of Barrett’s esophagus. A history of
tobacco [90] and alcohol use [19,91] has been more
frequently reported in patients with Barrett’s esoph-
agus than healthy subjects. More studies with larger
numbers are required to fully ascertain the role of
alcohol and tobacco in Barrett’s esophagus.

While a case-control study has demonstrated a
strong correlation between obesity and esophageal
adenocarcinoma [92], to our knowledge there are
no published reports specifically examining the rela-
tionship between body mass index and Barrett’s
esophagus. It could be hypothesized that obesity
may have a role in the pathogenesis of Barrett’s
esophagus indirectly through effects on gastric
reflux. Increased abdominal pressure could lead
to more severe reflux and may explain the pre-
dominance of Barrett’s esophagus in men since fat
is deposited around the abdomen more readily in
men than in women. Obesity also increases risk
of hiatal hernia, which as stated above is capable
of promoting GERD by several mechanisms.
However, further work is required in view of the
contradictory evidence that currently exists on this
subject.

Summary

In summary, while the pathogenesis of Barrett’s
esophagus is presently unclear, it is likely to be mul-
tifactorial (Fig. 4.2). Because of the strong links
between esophageal adenocarcinoma and Barrett’s
esophagus and between Barrett’s esophagus and
GERD, factorsinvolved in the development of GERD
have been the focus of attention in attempts to ex-
plain the rise in incidence of esophageal adenocarci-
noma. While reflux certainly plays a major role in
the development of Barrett’s esophagus, there is in-
creasing evidence that associated inflammatory and
other environmental factors, perhaps interacting
with genetically determined characteristics, also
play important roles. We propose that the microen-

vironment created by the combination of these
factors around the cell of origin produces the selec-
tive pressure required for the generation and devel-
opment of clones of cells that give rise to the
metaplastic tissue.
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Role of Acid and Bile in

Barrett’s Esophagus

Joel E. Richter

Barrett’s esophagus represents a metaplastic process
in which the normal squamous epithelium of the
lower esophagus is replaced by specialized columnar
epithelium. This condition develops in approxi-
mately 10% of patients with gastroesophageal reflux
disease (GERD) [1], and represents the most severe
form of GERD. Patients with Barrett’s esophagus
may present with serious complications in the form
of strictures, ulcerations, or adenocarcinoma. The
role of acid and bile reflux in the development of Bar-
rett’s esophagus and its complications is controver-
sial and has been the subject of many animal and
human studies.

Barrett’'s Esophagus is an
Acquired Condition

Columnar epithelium lining the distal esophagus
was first described in 1950 by Norman Rupert Bar-
rett [2]. He believed that this condition was a con-
genital abnormality secondary to arrested regression
of the esophageal glandular epithelium that norm-
ally lines the fetal esophagus. However, in 1953,
Allison and Johnstone suggested an acquired nature
for Barrett’s esophagus based on the presence of re-
flux symptoms, esophagitis, and hiatal hernia in as-
sociation with esophageal columnar epithelium [3].
The controversy persisted until 1970, when the
landmark study by Bremner et al. using an experi-
mental model of esophageal mucosal regeneration
in dogs, showed columnar rather than squamous cell
regeneration after severe mucosal injury from
chronic gastroesophageal reflux [4]. Bremner sug-
gested that the columnar cells in the esophagus
resulted from the proximal migration of cardiac
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columnar epithelium. However, later studies [5]
demonstrated that columnar cells were not a direct
extension of the surface lining of the adjacent stom-
ach, but rather the metaplasia of a submucosal
pleuripotential stem cell in the esophagus. The cur-
rent hypothesis is that Barrett’s mucosa develops
from multipotent cells present in the basal layer of
the esophageal mucosa, which become transformed
into glandular cells after injury from the gastric
contents.

Barrett’s Esophagus: Acid, Bile
or Both?

There isnow overwhelming evidence supporting the
association of GERD and Barrett’s esophagus. How-
ever, the role of individual constituents of the gastric
refluxate in the development of Barrett’s esophagus
and its associated complications still remains uncer-
tain. Gastric acid and pepsin have received the most
attention; however, the development of Barrett’s
esophagus in a few achlorhydric and postgastrecto-
my patients suggests a possible role for duodenal
contents. The duodenal contents suspected of caus-
ing esophageal mucosal injury include bile acids and
lysolecithin present in the bile secretions as well as
the pancreatic enzyme trypsin (Fig. 5.1). We will re-
view the role of gastric and duodenal contents in the
formation of Barrett’s esophagus.

Importance of Acid and Pepsin

Substantial experimental and clinical evidence
strongly supports the importance of acid and pepsin
in causing esophageal mucosal injury. In fact, the



Fig 5.1 Proposed agents responsible
for esophageal mucosal injury. Darkly
shaded mucosal cells represent injury
from the gastric refluxate.
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original studies by Bremner et al. implicate acid
reflux in formation of columnar epithelium and
Barrett’s esophagus [4]. In this study, high acid
output produced by repeated histamine injections
resulted in epithelial metaplasia and Barrett’s
formation. Other animal studies [6] suggested that
esophageal exposure to acid alone at high concentra-
tions, or a lower concentration in combination with
pepsin, results in macroscopic and microscopic
esophageal mucosa injury, predisposing the patient
to columnar metaplasia and Barrett’s formation (see
Fig.5.1).

Clinical studies have confirmed the presence of
severe gastroesophageal reflux in patients with
Barrett’s esophagus. In general, these patients are
characterized by decreased lower esophageal
sphincter (LES) pressure, increased frequency and
duration of esophageal acid exposure, and delayed
esophageal acid clearance [7].

Iascone et al. reported a direct relationship be-
tween the severity of esophageal mucosal injury and
the degree and frequency of mucosal exposure to
acid reflux [8]. Subsequently, multiple studies have
found that patients with Barrett’s esophagus have a
greater amount and more frequent acid exposure
than patients with erosive esophagitis and non-
erosive disease [9,10] (Fig. 5.2). Overall, these stud-
ies observe that greater than 90% of Barrett’s esoph-
agus patients, 75% with erosive esophagitis, and
50% of patients with non-erosive reflux disease
have abnormal pH tests.

Other studies have attempted to define the
relationship between the degree, extent, and con-
stituents of the acid contents and the presence of
Barrett’s esophagus. Stein et al. reported that patients
with Barrett’s esophagus had greater exposure times
to more caustic gastric acid concentrations (pH < 3.0
or 2.0), compared to those with erosive or non-
erosive GERD [11]. Fass et al. studied 27 patients
with Barrett’s esophagus of variouslengths, finding a
significant correlation between percent total time
pH<4 and thelength of Barrett’smucosa (r=0.6234,
P=0.005) [12] (Fig. 5.3).In addition, there was a sig-
nificant correlation between percent upright and
supine time pH < 4 and the length of Barrett’s mu-
cosa. Patients with short segment Barrett’s esopha-
gus had significantly less esophageal acid exposure
than patients with long segment Barrett’s esopha-
gus, in terms of both total acid exposure and supine
time pH<4. Onthe other hand, Avidan et al. studying
256 patients with Barrett’s esophagus compared to a
similar large control group, found no relationship
between total acid, upright, or supine acid exposure
times in the development of Barrett’s esophagus
[13]. Rather, their study noted that hiatal hernia and
the number of reflux episodes per 24 h were critical
to the development of Barrett’s esophagus. They ob-
served that the rate of hiatal hernia was 76% in
Barrett’s patients versus 36% in subjects without
Barrett’s esophagus and the reflux episodes per 24 h
averaged 106 episodes in Barrett’s patients versus
53 episodes in patients without Barrett’s esophagus.
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Fig. 5.2 Esophageal acid exposure,
measured as percent total time pH <4
across the spectrum of gastroe-
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Fig. 5.3 Correlation between length of Barrett’s mucosa
and percent total time pH < 4, suggesting that degree of
acid reflux partially contributes to the length of Barrett’s
esophagus. Reproduced with permission from Fass et al.
[12].

Finally, studies show a positive correlation between
the degree of abnormal acid and pepsin exposure
and the severity of esophagitis in Barrett’s esopha-

higher concentrations of acid and pepsin than the
aspirates from healthy controls [14].

However, it is important to note that the frequen-
cyand duration of esophageal acid exposureisnotal-
ways predictive of the degree of esophageal mucosal
injury. This suggests the importance of other factors
including the inherent resistance of esophageal mu-
cosa to acid injury, the role of saliva and bicarbonate
producing submucosal glandsin the distal esophagus
to neutralize refluxed acid, or the possibility of
duodenal contents (bile or pancreatic enzymes)
contributing to esophageal injury.

Importance of Bile

Although commonly referred to as “bile reflux,” it is
important to remember that reflux of duodenal con-
tents contains more than just bile. Furthermore, the
term “alkaline reflux” is often used interchangeably,
suggesting that pH 7.0 represents the reflux of duo-
denal contents into the lower esophagus. However,
recent studies have confirmed the inaccuracy of pH
monitoring under these circumstances, suggesting
that alkaline reflux is a misnomer. Therefore, duo-
denogastroesophageal reflux (DGER) is a more ap-



propriate term representing the retrograde reflux of
duodenal contents (bile and pancreatic enzymes)
into the stomach with subsequent reflux into the
esophagus. DGER is a normal phenomenon that oc-
curs usually at night, and when extensive, it may
produce symptoms or mucosal injury.

Conjugated bile acids are the predominant con-
stituent of DGER in normal individuals and may pro-
duce esophageal mucosal injury at an acidic pH (see
Fig. 5.1). Meanwhile, animal studies suggest that
unconjugated bile acids and the pancreatic enzyme
trypsin may cause mucosal injury at a more neutral
pH value [15] (see Fig. 5.1). Some surgical groups
have interpreted the latter findings to mean that
aggressive acid suppression, although protective
against the injurious effects of acid and possibly con-
jugated bile acids, may in fact perpetuate DGER,
potentially causing complications in patients with
Barrett’s esophagus. However, the clinical impor-
tance of DGER in the absence of acid reflux in pa-
tients with esophageal mucosal injury and Barrett’s
esophagus remains controversial.
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Methods for Measuring DGER

Prior methods used for measuring DGER have in-
cluded endoscopy, aspiration studies (both gastric
and esophageal), scintigraphy, and ambulatory pH
monitoring; all of these have technical difficulties
and do not accurately measure DGER (Table 5.1).
Currently, the most commonly used methods of as-
sessing DGER are ambulatory esophageal bilirubin
monitoring and impedance monitoring of non-
acidic reflux.

A few comments should be made about ambulato-
ry 24-h pH monitoring, as it was this method of
testing that raised suspicion of alkaline reflux as an
important factor in Barrett’s esophagus. By defining
“alkaline reflux” as pH> 7.0 as an indirect marker for
DGER, Attwood et al. reported that this phenome-
non was greater in patients with Barrett’s esophagus
when compared to patients with esophagitis or nor-
mal controls [16]. Furthermore, they found that a
pH > 7.0 was significantly higher in complicated
Barrett’s patients (stricture, ulcer, dysplasia) than in
Barrett’s patients without complications, whereas a
pH <4 did not distinguish the two groups.

Table 5.1 Current available methods for detecting duodenogastroesophageal reflux (DGER).

Method Advantages

Disadvantages

Endoscopy Easy to visualize bile

Aspiration studies
No sedation, less cost

Scintigraphy Non-invasive

pH monitoring

non-invasive

Bilirubin (Bilitec) monitoring Same as above

Good correlation with gastric bile

acid concentrations

Less invasive than endoscopy

Ambulatory, testingupto 24 h
Easy to perform Relatively

Poor sensitivity, specificity
Requires sedation
High cost

Short duration of study
Requires familiarity with enzyme assay of
bile acids

Semi-quantitative at best Radiation
exposure, high cost

pH>7.0 nota marker for DGER

Underestimates DGER by about 30% in acid
pH (<3.5)
Requires modified liquid diet

Multichannelintraluminal
impedance

Most accurate ambulatory technique
to measure non-acid reflux

Must be combined with Bilitec to measure
duodenal reflux
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Unfortunately, the measurement of esophageal
pH> 7.0 as a marker for DGER is confounded by sev-
eral problems. Precautions must be taken to use only
glass electrodes; patients must observe a dietary re-
striction of foods with pH > 7.0; and patients must be
inspected for periodontal disease and have dilation
of strictures to avoid pooling of saliva. Furthermore,
several investigators found that the most common
reason for an increased pH in the esophagus was the
increased production of saliva, probably generated
by the irritation from the pH catheter [17,18]. Final-
ly, using an ambulatory bilirubin monitoring device
combined with pH monitoring, my group found no
difference in the degree of the percent total time
pH> 7.0 between controls, patients with GERD, and
those with Barrett’s esophagus [19]. With these
compelling observations, the era of “alkaline reflux”
as a surrogate marker for DGER ended.

The pivotal instrumentation for helping us under-
stand DGER was the development in the early 1980s
of the Bilitec 2000 system. This is an ambulatory,
fiber optic probe that uses the optical property of
bilirubin, the most common bile pigment, to detect
DGER spectrophotometically, independent of pH
[20]. Bilirubin has a characteristic spectrophotomet-
ric absorption band at 450 nm. The basic working
principal of the system is that any absorption near
this wavelength implies the presence of bilirubin
and, therefore, represents DGER. Several reports
have indicated good correlation between Bilitec
readings and bile acid concentration measured by
duodenal aspiration studies (r=0.71, P<0.1 [20] and
r=0.82, P<0.001) [21].

Unfortunately, this technology is only a semi-
quantitative measure for detecting DGER. Validation
studies from our group [21] found that this instru-
ment underestimates bile reflux by atleast 30% in an
acidicmedium (pH < 3.5). In solutions with pH< 3.5,
bilirubin undergoes a monomer to dimer isomeriza-
tion which is reflected by the shift in the absorption
wavelength from 453 nm to 400 nm. Because Bilitec
readings are based on the detection of absorption
at 470 nm, this shift underestimates the degree of
DGER. Therefore, Bilitec measurements of DGER
must always be accompanied by the simultaneous
measurements of acid exposure using prolonged pH
monitoring. Furthermore, a variety of substances

can cause false positive readings by the Bilitec,
because it indiscrimately records any substance
absorbing around 470 nm. This necessitates use of a
modified diet to avoid interference and false readings
[22]. Finally, it is important to remember that Bilitec
measures reflux of bilirubin, and not bile acids or
pancreatic enzymes; this, therefore, presumes that
the presence of bilirubin in the refluxate is accompa-
nied by other duodenal contents. Although this
is true in most cases, a few medical conditions
(Gilbert’s and Dubin-Johnson syndromes) may re-
sult in a disproportionate secretion of bilirubin as
compared to other duodenal contents, especially bile
acids.

Multi-channel intraluminal impedance is a new
technique that measures the electrical impedance of
the esophagus, the opposite of conductivity, using a
catheter system similar to standard manometry [23].
Based on the principal that the non-distended
esophagus and esophageal mucosa have a baseline
impedance (approximately 1000-2000 ohmns), ma-
terial passing down or refluxing up into the esopha-
gus generally cause a decrease in resting impedance.
The only exception is air, which causes an increase
in baseline impedance. When combined with a pH
probe measuring acid, this technology allows mea-
surements of both acid and non-acidic reflux as well
as its migration into the proximal esophagus. How-
ever, unlike the Bilitec device, it does not identify
the origin of the non-acidic reflux (i.e. duodenal
contents versus neutralized gastric contents after a
meal). Impedance reflux monitoring has been espe-
cially useful in defining non-acidic reflux in patients
with troubling regurgitation symptoms or atypical
complaints despite taking BID proton pump in-
hibitors (PPIs). Unfortunately, impedance is not
useful in studying most patients with Barrett’s
esophagus because the columnar lined mucosa has
a much lower baseline impedance than squamous
mucosa, making it difficult to identify reflux
episodes [24].

Human Studies Assessing Role of
Simultaneous Acid and DGER

Despite its limitations, Bilitec is an important ad-
vancement in the assessment of DGER in the clinical
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Fig. 5.4 Esophageal acid (percent of
time pH < 4) and duodenogastroe-

sophageal reflux (DGER) (percent time ‘\’;

at bilirubin absorbance >0.14) in con- Iz 20
trols and in patients with uncomplicat- o

ed and complicated Barrett’s E
esophagus. This study finds thatacidre- % 4p

flux parallels DGER and both factors
are highest in patients with complicat-
ed Barrett’s esophagus. abs, ab-
sorbance. Reproduced with permission
from Vaezi and Richter [10].

arena. Several studies using this new device have
provided important insights into the role of DGER
in causing esophageal mucosal injury in humans.
These studies show a significant but graded increase
in both acid and DGER from controls to esophagitis
patients, with the highest values in patients with
Barrett’s esophagus. Furthermore, it appears that
DGER occurs more commonly in association with
acid reflux.

Recent studies of patients with and without com-
plications of Barrett’s esophagus found increased re-
flux of bile and acid into the lower esophagus of both
groups as compared to controls [10,19]. More im-
portantly, reflux of acid paralleled DGER, and both
were significantly higher in patients with complicat-
ed Barrett’s than in the uncomplicated group (Fig.
5.4). The results of these studies were recently con-
firmed by other investigators [25,26]. Marshall et al.
studied 55 patients with GERD and found a good
correlation between the degree of acid and DGER
(r = 0.55) [25]. Furthermore, expanded studies
by Vaezi and Richter found that simultaneous
esophageal exposure to both acid and DGER was the
most prevalent reflux pattern, occurring in 95% of
patients with Barrett’s esophagus and 79% of GERD
patients [10] (Fig. 5.5). In fact, they found a strong
correlation (r=0.73) between acid and DGER in con-
trols, reflux patients, and those with Barrett’s esoph-
agus. Thus, these studies support the earlier findings
in animals suggesting a possible synergy between
acid and DGER in the development of esophagitis
and Barrett’s esophagus.
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Fig. 5.5 Prevalence of esophageal acid and duodenogas-
troesophageal reflux (DGER) in gastroesophageal reflux
disease (GERD) subgroups. Combined exposure to acid
and DGER occurred in 50% of patients with non-erosive
GERD, 79% of esophagitis patients and 95 % of patients
with Barrett’s esophagus. Reproduced with permission
from Vaezi and Richter [10].

Human Studies Assessing Role of
DGER Alone

The role of DGER in producing esophageal mucosal
injury in the absence of acid reflux has not been
completely clarified. Using prolonged pH and biliru-
bin monitoring, studies by Marshall ef al. of 55 pa-
tients with GERD found that DGER in the absence of
acid reflux was a rare event (6 %) in patients without
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prior gastric surgery [25]. This confirmed our earlier
observations finding DGER without acid reflux in
only 7% of 30 GERD patients and none of 20 patients
with Barrett’s esophagus [10] (see Fig. 5.5). Addi-
tionally, in our study of 32 partial gastrectomy pa-
tients who exhibited reflux symptoms, we found
increased DGER either alone or combined with acid
reflux in 78% of patients [26]. This patient popula-
tion represents an excellent human model for in-
creased DGER because of the incompetent pylorus
and free regurgitation of duodenal contents into the
stomach, resulting in gastric bile acid concentrations
(0.5-3.0mol/L) known to cause esophageal mucosal
injury in the animal model (>1 mol/L). Endoscopic
esophagitis, however, was present only in those who
had concomitant acid reflux.

On the other hand, several recent studies suggest
that DGER alone may cause esophageal mucosal in-
jury. European studies report that DGER with acid
reflux may be responsible for esophageal injury in
three out of five patients with reflux esophagitis [27]
or in mechanically ventilated intensive care patients
[28]. However, the latter group was treated with
only ranitidine, which is not the most optimal acid
suppressive agent; thisraises the possibilities that the
origin of the esophageal mucosal injury in these ven-
tilated patients was secondary to combined acid and
DGER. A more convincing study came from Japan,
where 30 patients having undergone total gastrecto-
my were studied with concurrent 24-h esophageal
pH and Bilitec monitoring, and divided into two
groups based on the endoscopicpresence with (7=6)
and without (n = 24) reflux esophagitis [29]. The
percent total time of esophageal bilirubin reflux was
over 50% in all subjects with reflux esophagitis,
whereas all but one patient without esophagitis had
bile reflux values of less then 40%. The follow-up of
these patients ranged from 3-48 months (median 8
months) and no patient developed Barrett’s esopha-
gus. However, isolated cases of Barrett’s esophagus
in human subjects after total gastrectomy have been
reported [30]. This last study is convincing evidence
that large amounts of bile reflux may cause reflux
esophagitis and possibly Barrett’s esophagus; how-
ever, the implication in most patients with an intact
stomach cannot be defined by these human case
series.

Two human studies have attempted to address the
relationship between bile reflux and Barrett’s esoph-
agus, one by statistical modeling and the other by a
clinical case series. Campo et al. performed a multi-
variate analysis of 502 patients with GERD [31]. All
had undergone complete demographic, endoscopic,
and physiologic evaluation including 24-h
esophageal pH and Bilitec monitoring. The group
was divided into 328 patients without Barrett’s
esophagusand 174 patients with Barrett’s esophagus
(67 short segment and 107 long segment Barrett’s
esophagus). Seven factors were identified as predic-
tors of Barrett’s esophagus. They included abnormal
bile reflux, hiatal hernia larger than 4 cm, a defective
LES, male gender, defective esophageal peristalsis,
abnormal number of reflux episodes lasting longer
than 5min, and GERD symptoms lasting for more
than 5 years. Only abnormal bile reflux (OR 4.8;
95% CI 1.7-13.2) was identified as a predictor of
short segment Barrett’s esophagus. Three factors
were identified as predictors of long segment Bar-
rett’s esophagus—hiatal hernia, defective LES, and
abnormal longest acid reflux episode. These authors
argued for the primary importance of bile reflux in
the development of Barrett’s esophagus and the sub-
sequent need for antireflux surgery.

Another method of addressing the importance of
bile reflux alone in developing Barrett’s esophagus
would be to study patients after partial gastrectomy,
where bile reflux is common. This was recently done
by Avidan et al. who evaluated 650 patients with
short segment and 366 patients with long segment
Barrett’s esophagus, comparing them to a control
population of 3047 patients with GERD but without
Barrett’s esophagus [32]. In the case population, 25
(4%) patients with short segment and 15 (4%) pa-
tients with long segment Barrett’s esophagus pre-
sented with a history of gastric surgery compared
with 162 (5%) patients in the control population.
Similar results were obtained in separate analyses of
patients with Billroth 1 gastrectomy, Billroth 2 gas-
trectomy or vagotomy and pyloroplasty. Therefore,
gastric surgery for benign peptic ulcer disease, with
its associated reflux of bile without acid, is not suffi-
cient to cause Barrett’s esophagus.

Thus, current studies in patients with intact stom-
achs show that duodenal contents mix with gastric



contents and both, usually in an acid milieu, reflux
into the esophagus. The degree and extent of this re-
flux parallels the severity of GERD, increasing from
healthy controls to patients with esophagitis to those
with Barrett’s esophagus. These findings by several
groups strongly suggest the possibility that syner-
gism between acid, pepsin, and conjugated bile acids
may contribute to Barrett’s metaplasia and possibly
adenocarcinoma. On the other hand, evidence that
bile reflux alone is injurious to the esophagus is still
unresolved. After total gastrectomy, massive bile
reflux may cause reflux esophagitis and possibly
Barrett’s esophagus. On the other hand, patients
with intact stomach or only partial surgical
resections show minimal evidence of bile alone
causing esophageal mucosal damage.

Clinical Implications

Recent studies in patients with severe GERD found
that aggressive acid suppression with PPIs dramati-
cally decreased both acid and DGER [19,33,34].
Champion etal. were the first to show this phenome-
non in nine patients with severe GERD (three with
esophagitis, six with Barrett’s esophagus) who were
aggressively treated with acid suppression (omepra-
zole, 20mg, twice daily) [19] (Fig. 5.6). Their
findings were later reproduced by two other
independent groups of investigators. Marshall et al.

Acid Reflux
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studied esophageal and gastric bile reflux in 23 pa-
tients with Barrett’s esophagus; they found a signifi-
cant (P £ 0.005) reduction of both esophageal and
gastric acid (pH monitoring) and bile (Bilitec) reflux
after 6-10 weeks of treatment with omeprazole
(20mg, twice daily) [33]. Similarly, Menges et al.
found that esophageal acid and DGER were both sig-
nificantly (P=0.001) reduced after 2 weeks of treat-
ment with 20-40 mg of omeprazole or pantoprazole
[34]. Median percent time pH was <4 and bilirubin
absorbance was >0.2 before and during therapy was
18.2% versus 2.3% and 29.8% versus 0.7 % respec-
tively in patients with Barrett’s esophagus. These
studies suggest that the decrease in DGER measured
after treatment with PPIs may be due to the inhibi-
tion of both gastric acidity and volume, making less
gastric contents available to reflux into the esopha-
gus, despite a low LES pressure. Therefore, medical
therapy with aggressive acid suppression may not
only protect the esophageal mucosa from the dam-
aging effects of acid, and eliminate the synergy be-
tween acid, pepsin, and bile, but also may decrease
the volume of both acid and bile reflux into the
esophagus.

Based on recent data, protection against the dam-
aging effects of acid and bile reflux may only be
achieved if the suppression of gastric reflux is nearly
complete. Recent ex vivo studies from Fitzgerald et al.
and Ouatu-Lascar et al. suggest that intermittent

DGE Reflux
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Fig.5.6 Omeprazole 20mg, twice
daily, markedly decreases both acid re-
flux (a) and duodenogastroesophageal
(DGE) reflux (b) in nine patients with
severe gastroesophageal reflux disease
(GERD). Reproduced with permission
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“pulses” of acid result in enhanced Barrett’s epithe-
lial cell proliferation, possibly increasing the risk of
dysplasia or adenocarcinoma [35,36]. In clinical
practice, intermittent pulses of gastric acid reflux
into the esophagus may occur naturally or may be
due toinadequate acid suppression, despite being on
PPIs. Recently, Gerson et al. studied 110 patients
with GERD (48 with Barrett’s esophagus) who were
asymptomatic on PPI therapy [37]. Forty-four pa-
tients with GERD (71%) and 27 patients with Bar-
rett’s esophagus (56%) required PPIs twice daily to
achieve adequate symptom control. Thirty-six pa-
tients (58%) with GERD and 24 patients (50% ) with
Barrett’s esophagus (P = 0.4) normalized their in-
traesophageal pH profiles on PPI. Compared with
GERD, patients with Barrett’s esophagus were
more likely to have a higher degree of pathologic
acid reflux despite PPI therapy, and exhibited less
intragastric acid suppression, particularly at night.
In combination, these data suggest that despite
symptom control, only about 50% of patients
with Barrett’s esophagus have their esophageal
acid reflux eliminated, which may increase their
chance of developing esophageal dysplasia or
adenocarcinoma.

As the result of the above studies, possibly all pa-
tients with Barrett’s esophagus, regardless of symp-
toms, should undergo serial pH testing in order to
titrate the adequacy of PPI therapy. However, this ap-
proach would be time consuming, expensive, and it
might interfere in the more important need for rou-
tine endoscopic surveillance. Another alternative
would be to reserve serial pH testing for acid control
in those patients with persistent low-grade or high-
grade dysplasia, both groups more likely to develop
adenocarcinoma. Nevertheless, this is a much-
debated subject in the treatment of Barrett’s esopha-
gusand future studies are needed to resolve thisissue
before we can recommend routine esophagus pH
testing to all our patients with Barrett’s esophagus.

Patients with Barrett’s esophagus who have a prior
partial gastrectomy for peptic ulcer disease may have
mild upper gastrointestinal symptoms due to non-
acidic DGER. Administration of aluminum hydrox-
ide containing antacids (30 mL, four times a day),
cholestyramine (1 g, fourtimesaday), or ursodeoxy-
cholic acid may improve symptoms [38]. Addition-

ally, in a recent randomized double blind crossover
study, cisapride (20mg, four times a day) was found
to significantly reduce both DGER measured by the
Bilitec and associated upper gastrointestinal symp-
toms (i.e. abdominal pain, bloating, belching, regur-
gitation, nausea, and vomiting) in patients after
vagotomy and antrectomy or pyloromyotomy for
chronic ulcer disease [39]. Thus, medical therapy
with promotility drugs is an alternative to surgical
Roux-en-Y diversion, although cisapride’s limited
availability due to safety issues reduces its utility.

These observations have important implications
for treating patients with both acid and bile reflux.
Medical therapy may decrease both acid and DGER
to a similar degree as antireflux surgery. Medical
therapy has the advantage of avoiding a surgical pro-
cedure and its associated complications, which is an
important consideration for older Barrett’s patients
and those with contraindications to surgery. Howev-
er, in younger patients in whom long term medical
therapy is anticipated, antireflux surgery may be a
more suitable and cost-effective alternative.
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Introduction

Although the etiology of Barrett’s metaplasia is un-
certain, itis clearly associated with gastroesophageal
reflux disease (GERD) [1]. Early studies quantifying
gastroesophageal reflux in Barrett’s esophagus and
GERD patients concluded that Barrett’s esophagus
patients represented an extreme end of the spectrum
[2—-4]. When studies were controlled for the grade of
esophagitisitbecame evident that acid exposure was
increased in Barrett’s esophagus compared to pa-
tients with non-erosive GERD and mild to moderate
esophagitis, but that the difference in acid exposure
between patients with severe esophagitis and Bar-
rett’s esophagus were insignificant [5]. However,
despite the general agreement that esophageal acid
exposure is increased with Barrett’s esophagus,
there is less certainty as to whether or not there are
unique motor abnormalities in Barrett’s esophagus
distinct from the GERD population in general.
Greater acid exposure in Barrett’s esophagus is a
consequence of both an increased frequency of re-
flux events and impaired esophageal acid clearance.
Given the similarities between the acid exposure
profile of severe esophagitis it is not surprising that
the motility abnormalities are also comparable. Un-
fortunately, there is a paucity of data focused specifi-
cally on motor abnormalities in Barrett’s esophagus
and consequently, motility abnormalities in Barrett’s
esophagus will be discussed within the context of
those associated with severe esophagitis. Owing to
theirimportance in the pathogenesis of acid induced
mucosal damage, abnormalities of the antireflux
barrier, esophageal clearance, and gastric function
will each be reviewed. Particular emphasis will be

given to the discussion of the motility abnormalities
associated with hiatal hernia because of the strong
association of this condition with Barrett’s
esophagus.

Antireflux Barrier

A prerequisite for the development of GERD is the
reflux of gastric contents into the esophagus, an
event indicative of dysfunction of the esophagogas-
tric junction (EGJ). The EGJ is a complex anatomic
zone whose functional integrity is attributable to
both the intrinsic lower esophageal sphincter (LES)
pressure and extrinsic compression of the LES by the
crural diaphragm. Loss of EGJ integrity occurs
by three dominant mechanisms: (i) transient LES
relaxations (tLESRs); (ii) LES hypotension; or (iii)
anatomic disruption of the EGJ inclusive of but not
limited to hiatal hernia [6,7]. Transient LES relax-
ations are the dominant mechanism of reflux in pa-
tients with mild to moderate GERD [6]. Patients with
severe GERD ditfer from those with mild to moder-
ate reflux in that a greater proportion of their reflux
occurs in the context of decreased LES pressure and a
co-existent hiatal hernia [8,9]. Given the fact that
patients with Barrett’s esophagus have comparable
acid exposure to patients with severe GERD it should
not be surprising that Barrett’s esophagus is usually
associated with decreased LES pressure [10-12] and
hiatal hernia [13-16].

Lower Esophageal Sphincter

The LES is a 3-4 cm segment of tonically contracted
smooth muscle at the EGJ. Resting LES tone varies
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among normal individuals from 10-30cm Hg rela-
tive to intragastric pressure and continuous pressure
monitoring reveals considerable temporal variation.
Large fluctuations of LES pressure occur with the mi-
grating motor complex; during phase III, LES pres-
sure may exceed 80 mmHg. Lesser fluctuations occur
throughout the day with pressure decreasing in the
postcibal state and increasing during sleep [17]. The
genesis of LES tone is a property of both the smooth
muscle itself and of its extrinsic innervation [18]. At
any given moment, LES pressure is affected by
myogenic factors, intra-abdominal pressure, gastric
distention, peptides, hormones, various foods, and
many medications.

Early reports indicated that patients with Barrett’s
esophagus had lower LES pressures compared to ei-
ther control subjects or patients with reflux disease
[3,19]. However, in 1987 Gillen et al. reported no dif-
ference in LES pressure between patients with Bar-
rett’s esophagus and those with esophagitis [2]. This
study, however, included a high proportion of
patients with severe esophagitis (16 of 25 patients
with grade 3—4 esophagitis). Given these conflicting
results, subsequent investigations measured the
LES pressure in patients with stratified grades of
esophagitis and Barrett’s esophagus [5,20]. These
studies supported the observation that the LES pres-
sure in patients with Barrett’s esophagus were de-
creased to the same degree as seen with severe
esophagitis. Furthermore analogous to the situation
with esophageal acid exposure, patients with Bar-
rett’s esophagus and esophagitis had lower LES
pressure than Barrett’s esophagus patients without
esophagitis [20].

Gastroesophageal reflux can occur in the context
of low LES pressure either by strain-induced or free
reflux. Manometric studies suggest that strain-
induced reflux or free reflux is unlikely unless the
LES pressure is below 10 and 4 cmHg respectively
[21]. It is also a rare occurrence in patients without
hiatus hernia [22]. Free reflux is characterized by a
fall in intraesophageal pH without an identifiable
change in either intragastric pressure or LES pres-
sure. Episodes of free reflux are observed only when
the LES pressure is within 0-4 cmHg of intragastric
pressure. A wide-open or patulous hiatus will predis-
pose to this free reflux as both the intrinsic and the

extrinsic sphincter are compromised. From the
above discussion it is apparent that many patients
with Barrett’s esophagus are at risk for strain induced
or free reflux.

Compelling evidence exists that tLESRs are the
most frequent mechanism for reflux during periods
of normal LES pressure (>10mmHg). Transient LES
relaxations occur independently of swallowing, are
not accompanied by peristalsis, are accompanied by
crural diaphragm inhibition, and persist for longer
periods than do swallow-induced LES relaxations
(>10s) [23,24]. Of note, prolonged manometric
recordings have not consistently demonstrated an
increased frequency of tLESRs in GERD patients
compared to normal controls [25]. However, the
frequency of acid reflux (as opposed to gas reflux)
during tLESRs has been consistently reported to be
greater in GERD patients [25,26]. Similar to patients
with severe esophagitis and large hiatus hernias,
Barrett’s esophagus patients are also subject to
tLESRs. Patel et al. studied seven patients with Bar-
rett’s esophagus using concurrent manometry and
pH monitoring and reported that tLESRs accounted
for 64% of reflux events [27]. This is similar to the
frequency of tLESRs found in patients with severe
esophagitis and hiatus hernia and further supports
the hypothesis that both groups have a similar com-
promise of EGJ function [22,24,28].

Diaphragmatic Sphincter and
Hiatal Hernia

Most patients with severe esophagitis have a hiatal
hernia, and consequently there is a high prevalence
of hiatal hernia in Barrett’s esophagus. Cameron
reported finding a 22 cm hernia in 96% of patients
with Barrett’s esophagus and 72% of patients with
short segment Barrett’s esophagus [13] (Fig. 6.1).
The role that hiatal hernia plays in compromising
the antireflux barrier is multifactorial. From an
anatomical perspective, hiatal hernia may be
associated with widening of the diaphragmatic
hiatus, thus limiting the ability of the right crus to
function as a sphincter (Fig. 6.2). In addition to this
anatomical consideration, the physiologic function
of the crural diaphragm may be compromised by its
dissociation from the LES.
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Fig 6.1 (a) Axiallength of hiatal hernia in Barrett’s esoph-
agus. The prevalence of hiatal hernia and extent of axial
herniation in four patient populations: (i) long segment
Barrett’s esophagus (intestinal metaplasia involving >3 cm
of the esophagus); (ii) short segment Barrett’s esophagus
(intestinal metaplasia involving <3 cm of the esophagus);
(iii) controls with esophagitis; and (iv) controls without
esophagitis. The prevalence and size of hiatal hernia is in-
creased in Barrett’s esophagus. BE, Barrett’s esophagus;
SSBE, short segment Barrett’s esophagus; circle, Barrett’s

Fig 6.2 Anatomy of the diaphragmatic
hiatus: normal and hiatus hernia. The
right crus makes up the muscular com-
ponent of the crural diaphragm. Arising
from the anterior longitudinal ligament
overlying the lumbar vertebrae. A sin-
gle muscle band splits into an anterior
and posterior muscular band that cross
each other to form the walls of the
hiatal canal and then fuse anteriorly.
With hiatus hernia the muscle becomes
thin and atrophic limiting its ability to
function as a sphincter.

Evidence of a specialized role of the crural di-
aphragm in preventing reflux begins with the obser-
vation that the costal and crural diaphragm can
function independently. During the LES relaxation
associated with vomiting electrical activity is absent
in the crural diaphragm but active in the costal di-

Normal
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esophagus; cross, short segment Barrett’s esophagus; dia-
mond, controls with esophagitis; triangle, controls with-
out esophagitis. (b) Width of diaphragmatic hiatus in two
dimensions measured endoscopically. Patients with Bar-
rett’s epithelium had wider openings than controls with
and without esophagitis. Circle, Barrett’s esophagus; dia-
mond, controls with esophagitis; triangle, controls with-
out esophagitis. Reproduced with permission from
Cameron [13].

Squamocolumnar junction

Hiatal hernia

aphragmatic dome [29]. A similar pattern is evident
during tLESR and belching [24]. Additional evi-
dence of the sphincteric role of the hiatus are
manometric data from patients after oncologically
prompted removal of the distal esophagus [30].
These patients still exhibit a high-pressure zone
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within the hiatal canal. In addition to contributing to
basal pressure, the crural diaphragm augments the
EGJ during activities associated with increased intra-
abdominal pressure. The importance of this function
was evident in studies in which gastroesophageal re-
flux was elicited by straining maneuvers in individu-
als with graded severity of hiatus hernia [8]. Of
several physiologic and anatomical variables tested,
the size of the hiatal hernia was shown to have the
highest correlation with the susceptibility to strain-
induced reflux. The implication of this observation is
that patients with hiatus hernia exhibit progressive
impairment of the EGJ proportional to the length of
axial herniation.

The patulous hiatal canal associated with large hi-
atal hernias also affects the antireflux barrier during
swallowing. One of the differences between a swal-
low induced LES relaxation and a tLESR is the crural
inhibition, which occurs only with the latter [24]. In
the presence of a large hiatal hernia, as is often the
case in Barrett’s esophagus patients, the hiatal canal
is distorted to the point where it becomes a patulous
orifice incapable of achieving luminal closure during
inspiration (see Fig. 6.2). Under these circumstances,
deglutitive LES relaxation, which usually is accom-
panied by continued respiratory contraction, be-
comes indistinguishable from a tLESR. As a result,
the EGJ opens at the onset of any LES relaxation,
including deglutitive relaxation, thereby broaden-
ing the set of circumstances associated with
reflux.

Yet another effect hiatal hernia exerts on the an-
tireflux barrier pertains to diminishing both the
length and intrinsic pressure of the LES. Relevant
animal experiments revealed that simulating the
effect of hiatal hernia by severing the phrenoe-
sophageal ligament reduced the LES pressure and
that the subsequent repair of the ligament restored
the LES pressure to levels similar to baseline [31].
Similarly, manometric studies in humans using a
topographic representation of the EGJ high pressure
zone of hiatal hernia patients revealed a distinct in-
trinsic sphincter and hiatal canal pressure compo-
nents, each of which was of lower magnitude than
the EGJ pressure of a comparator group of normal
controls [32]. However, simulating reduction of the
hernia by arithmetically repositioning the intrinsic

sphincter back within the hiatal canal resulted in cal-
culated EGJ pressures that were practically indistin-
guishable from those of the control subjects. These
and previous studies also demonstrated that hiatus
hernia may also affect the overall length of the LES
high pressure zone [33]. Combined manometricand
fluoroscopic studies found that both peak EGJ pres-
sure and length negatively correlated with hiatal
hernia size. This is likely due to disruption of the EGJ
segment distal to the squamocolumnar junction
attributable to the gastroesophageal flap valve
[34].

Mechanical Properties of the
Relaxed EGJ

For reflux to occur in the setting of a relaxed or hy-
potensive sphincter it is necessary for the relaxed
sphincter to open. Recent physiologicstudies explor-
ing the role of compliance in GERD reported that
GERD patients without and particularly with hiatus
hernia had increased compliance at the EGJ com-
pared to normal subjects [35] and patients with
fundoplication [36]. These experiments utilized
a combination of barostat-controlled distention,
manometry, and fluoroscopy to directly measure the
compliance of the EGJ. Several parameters of EGJ
compliance were shown to be increased in hiatus
hernia patients with GERD: (i) the EGJ opened
at lower distention pressure; (ii) the relaxed EGJ
opened at distention pressures that were at or near
resting intragastric pressure; and (iii) for a given dis-
tention pressure the EGJ opened about 0.5 cm wider.
Still significant, but lesser compliance related
changes were demonstrated in the non-hernia
GERD patients (Fig. 6.3). These alterations of EGJ
mechanics are likely secondary to a disrupted, dis-
tensible crural aperture and may be the root causes
of the physiological aberrations associated with
GERD.

Increased EGJ compliance may help explain why
patients with hiatus hernia have a distinct mechanis-
ticreflux profile compared to patients without hiatus
hernia [22]. Anatomical alterations, such as hiatal
hernia, dilatation of the diaphragmatic hiatus, and
disruption of the gastroesophageal flap valve may
alter the elastic characteristics of the hiatus such that
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Fig 6.3 Dimensions and radial symmetry of the esopha-
gogastricjunction (EGJ). Measurements of EGJ opening
diameters were made from posterior-anterior and lateral
fluoroscopic projections and are plotted for each intrabag
pressures relative to intragastric pressure distention pres-
sure. Some degree of radial asymmetry of the hiatus was

this factor is no longer protective in preventing
gastroesophageal reflux. In that setting, reflux no
longer requires “two hits” to the EGJ because the
extrinsic sphincteric mechanism is chronically dis-
rupted. Thus, the only prerequisite for reflux be-
comes LES relaxation, be that in the setting of
swallow-induced relaxation, tLESR, or a period of
prolonged LES hypotension. Patients with Barrett’s
esophagus will likely have abnormal compliance at
the EGJ secondary to the high prevalence of hiatus
hernia. Whether EGJ compliance is altered to a
greater extent in Barrett’s esophagus patients versus
GERD patients with severe esophagitis with and
without hiatus hernia is unclear.

Esophageal Clearance

Following reflux, the period that the esophageal mu-
cosa remains at a pH < 4 is defined as the acid clear-
ance time. Acid clearance begins with emptying of
the refluxed fluid from the esophagus by peristalsis
and is completed by the titration of residual acid by
the buffering effect of swallowed saliva [37]. Prolon-
gation of esophageal clearance among patients with
esophagitis was demonstrated along with the initial
description of an acid clearance test. Subsequent
studies suggest that about 50% of patients with

seen in all three groups; the lateral diameters were similar
among the three groups but the hiatal hernia and non-
hiatal hernia gastroesophageal reflux disease (GERD)
patients had increased PA diameters compared to normal
subjects. Reproduced with permission from Pandolfino
etal. [35].

GERD exhibit prolonged esophageal acid clearance
[1]. Clinical data from patients with Barrett’s esoph-
agus also suggest prolonged acid clearance. Scinti-
graphic studies demonstrated impaired esophageal
emptying in 50-80% of Barrett’s esophagus patients
[38,39]. Ambulatory pH studies subsequently con-
firmed prolonged acid clearance in Barrett’s esopha-
gus patients and added further insight by stratifying
the esophagitis patients by severity. Gillen et al. re-
ported that after separating out patients with severe
esophagitis and comparing them to patients with
Barrett’s esophagus there was no significant differ-
ence in acid clearance [2]. Several other reports have
subsequently confirmed this observation and it is
now generally accepted that patients with severe
esophagitis and Barrett’s esophagus have similar de-
fects in esophageal clearance [5,20]. Investigations
also confirm the additive effect of esophagitis and
Barrett’s esophagus on impairment of acid clearance
with the combination being worse than either entity
alone [5]. Ambulatory pH monitoring studies sug-
gest that the heterogeneity within the GERD popula-
tion, with respect to acid clearance, is at least
partially attributed to hiatus hernia, as these individ-
uals tended to have the most prolonged supine acid
clearance [40].
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Hiatal Hernia and Esophageal Clearance
Although, hiatal hernia is probably not an indepen-
dentrisk factor for developing Barrett’s esophagus, it
is an important contributor to the underlying patho-
genesis of increased acid exposure both by compro-
mising the antireflux barrier as discussed above and
by impairing the process of acid clearance. Concur-
rent pH recording and scintigraphic scanning over
the EGJ showed that impaired clearance was caused
by reflux of fluid from the hernia sac during swal-
lowing [41]. This observation was subsequently con-
firmed radiographically when Sloan and Kahrilas
analyzed esophageal emptying in patients with re-
ducing and non-reducing hiatal hernias [42]. The
efficacy of emptying was significantly diminished
in both hernia groups when compared to normal
controls. Emptying was particularly impaired in the
non-reducing hiatal hernia patients who exhibited
complete emptying with only one third of test swal-
lows. These patients with non-reducing hernias
were the only group that exhibited retrograde flow
of fluid from the hernia during deglutitive relax-
ation, consistent with the scintigraphic studies.

The mechanism of impaired esophageal emptying
is evident from an analysis of esophageal emptying
in the normal patient [43]. Typically, LES relaxation
occurs within 3s of the swallow but LES opening
does not occur until the bolus reaches the distal
esophagus. In order for the LES to open, pressure
acting on the lumen of the sphincter must overcome
the pressure acting extrinsic to the lumen. Since the
normal position of the distal esophagus is intra-
abdominal, the intragastric pressure acting to open
the distal esophagus is negated by external pressure
of equal magnitude. However, once the distal esoph-
agus is positioned above the diaphragm the extrinsic
pressure at the LES is reduced, more reflective of in-
trathoracic pressure. This leads to LES opening at the
time of relaxation and early retrograde flow of gastric
contents from the stomach into the low-pressure
esophagus. Hiatal hernia also impairs the function of
the crural diaphragm as a one-way valve during dis-
tal esophageal emptying owing to the persistence ofa
gastric pouch above the diaphragm. Both of these ef-
fects are particularly evident while in a recumbent
posture.

Peristaltic Dysfunction

Peristaltic dysfunction in esophagitis has been de-
scribed by a number of investigators. Failed peristal-
sisand hypotensive contractions (<30 mmHg) which
result in incomplete emptying are of particular sig-
nificance [44]. As esophagitis increases in severity, so
does the incidence of failed peristalsis and hypoten-
sive contractions [45] (Fig. 6.4). More recentinvesti-
gations of peristaltic function has labeled this
“ineffective esophageal motility,” defined by the oc-
currence of >30% of hypotensive or failed contrac-
tions. Applying this definition, a significant increase
in recumbent esophageal acid exposure time com-
pared to patients with normal motility, esophageal
spasm, nutcracker esophagus and hypertensive LES
was reported [46]. With respect to the reversibility of
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Fig 6.4 Failed primary peristalsis in gastroesophageal re-
flux disease (GERD). Primary peristalsis was classified as
failed if either no peristaltic contraction followed degluti-
tion or if peristalsis did not traverse the entire length of the
esophagus. Compared with controls the mean failure rate
of primary peristalsis was significantly greater in patients
with esophagitis (P<0.001). Non-parametric analysis of
data from the control groups yielded a value of 51 % as the
upper limit of the 95% confidence interval (indicated by
the horizontal dashed line). Each dot indicates the value
for an individual subject. NI, non-inflammatory. Repro-
duced with permission from Kabhrilas et al. [45].



peristaltic dysfunction, recent studies show no im-
provement after healing of esophagitis by acid inhi-
bition [47], or by antireflux surgery [48].

Although early investigations reported normal
peristaltic function in Barrett’s esophagus [49,50],
these studies can be criticized on methodological
grounds and more recent data reveal that peristaltic
dysfunction is prevalent in Barrett’s esophagus pa-
tients. Similar to the case of esophagitis patients, pa-
tients with Barrett’s esophagus exhibit both failed
and ineffective contractions when compared to con-
trols. Parrilla et al. reported that Barrett’s esophagus
patients had a higher incidence of failed peristalsis
than both controls and patients with mild esophagi-
tis [20]; there was no difference when he compared
Barrett’s esophagus patients to patients with severe
esophagitis. However, when he separated the
Barrett’s esophagus population into those with
esophagitis and without esophagitis there was a sig-
nificant difference such that patients with concomi-
tant esophagitis and Barrett’s esophagus had failed
peristalsis 23 % of the time compared to 1.7% in pa-
tients without esophagitis. This suggests that the in-
creased peristaltic dysfunction is more dependent on
chronicinflammation than on metaplasia.

Esophageal contractility is impaired in a qualita-
tively similar way in patients with Barrett’s esopha-
gus and patients with severe esophagitis. Mean
peristaltic amplitude is lower than in either controls
[4] or patients with mild esophagitis [5]. Further-
more, patients with severe esophagitis and Barrett’s
esophagusboth exhibitineffective esophageal motil-
ity as previously defined [51]. Two studies evaluat-
ing peristaltic amplitude in Barrett’s esophagus
patients with and without esophagitis found no dif-
ference between the two groups [5,20]. However,
Mason compared the esophageal contractility of pa-
tients with extensive Barrett’s esophagus (>5cm) to
patients with more limited Barrett’s esophagus
(3-5 cm) and found that patients with extensive dis-
ease exhibited a significant decrease in peristaltic
amplitude [52]. Adding to the controversy, Lough-
ney et al. compared patients with long (>3 cm) and
short segment (<3cm) Barrett’s esophagus and
showed no difference in peristaltic contraction be-
tween the two groups [53]. However, the patients
with long segment Barrett’s esophagus did have sig-
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nificantly reduced peristalticamplitude compared to
normal subjects raising the issue of a type II error in
this investigation.

Gastric Emptying and
Duodenogastroesophageal Reflux

Gastric emptying may be impaired in 41-57% of pa-
tients with GERD [54]. Defects in gastric emptying
may exacerbate reflux by increasing the gastroe-
sophageal pressure gradient thereby promoting re-
flux or by increasing tLESR frequency as a result
of increased gastric distention. However, contrary
to what one would expect, patients with Barrett’s
esophagus have been shown to have relatively nor-
mal gastric emptying and two published series re-
vealed no difference in either solid or liquid phase
gastric emptying [55,56]. Probably of more interest,
given the recent description of an unbuffered acid
pocket after meals, are potential abnormalities in
proximal stomach acid pooling [57]. Whether Bar-
rett’s esophagus patients, or GERD patients for that
matter, have abnormalities in proximal stomach acid
pooling has yet to be determined.

Normal gastric emptying in Barrett’s esophagus is
also surprising given the recent interest in duo-
denogastroesophageal reflux as a possible pathogen-
icmechanismin the development and progression of
Barrett’s esophagus. Studies suggest that duodenal
contents may act synergistically with acid to damage
the esophageal epithelium [58]. The motility abnor-
malities that promote duodenogastroesophageal re-
flux have not been determined; given the reported
data, however, impaired gastric emptying does not
appear to be a major mechanism. Studies of transpy-
loric flow and antroduodenal motility in patients
with GERD similarly have revealed no functional ab-
normalities [59].

Therapy of Motor Abnormalities in
Barrett's Esophagus

Medical Management

Most investigations of the effect of antireflux thera-
py on motor function suggest that no improvement
is demonstrable after healing esophagitis [39,47].
Given the likely irreversibility of reflux related
motor dysfunction, treatment with motility modify-
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ing agents may seem appropriate. Unfortunately the
therapeutic efficacy of available agents is disappoint-
ing. The two most widely used motility agents
in reflux are metoclopramide and cisapride.
Metoclopramide has been shown to increase LES
pressure via increased release of acetylcholine in the
enteric nervous system; this has not been shown to
have a beneficial impact on reflux [60]. Whether or
not metoclopramide improves esophageal peristalsis
is controversial. An early study suggested a 39%
increase in peristaltic amplitude after intravenous
metoclopramide [61] but two more recent random-
ized, controlled, double blinded studies in GERD
patients failed to show any improvement [62,63].
Similar to the data with metoclopramide, cisapride
has proven ineffective at augmenting LES pressure
or esophageal peristalsis. Cisapride is a mixed sero-
tonergic agent with 5HT-3 antagonist and 5HT-4
agonist properties that also enhances the release
of acetylcholine from postganglionic fibers in the
myenteric plexus. Several studies have reported
minor increases in LES pressure and peristaltic am-
plitude with cisapride therapy, but as with metoclo-
pramide, these effects were not clinically relevant
[60]. Thus, the best available clinical evidence sug-
gests that promotility drugs do not significantly im-
prove esophageal motor function. The minimal
increases in LES pressure observed are insignificant
in patients with severely compromised LESs. Simi-
larly, the mild increase in peristaltic amplitude is un-
likely to improve esophageal clearance. Other than
hiatus hernia, failed peristalsis is the more important
mechanism of impaired esophageal emptying and
unfortunately, neither metoclopramide nor cis-
apride impact that feature of peristaltic dysfunction.
In summary, poor efficacy and a poor side etfect pro-
file make these agents unsuitable for treatment of
motility abnormalities in Barrett’s esophagus.

Surgical Treatment

Antireflux surgery improves the antireflux barrier in
patients with GERD with several studies demon-
strating a significant increase in EGJ pressure after
fundoplication [3,64,65]. Along with improved
EGJ pressure, the anatomic defect of hiatal hernia is
also repaired. A more controversial and debated
question is whether or not fundoplication improves

esophageal peristalsis in patients with esophagitis
and Barrett’s esophagus. Anumber of studies suggest
that antireflux surgery increases peristaltic ampli-
tude [65,66]. However, even if real and not a
methodological artifact attributable to the operation,
these changes would be unlikely to improve im-
paired clearance which is largely attributable to
failed peristalsis. No study has shown a reduction in
the frequency of failed peristalsis or restoration of
peristalsis in an aperistaltic patient as a result of an-
tireflux surgery.

Conclusion

Barrett’s epithelium is a result of increased
esophageal acid exposure similar to that seen with
severe esophagitis. Thus, it is not surprising that
these two groups of reflux patients have similar
motility abnormalities with both patient populations
exhibiting a compromised antireflux barrier and
prolonged esophageal acid clearance. Central to the
mechanism of these defects is the association of both
Barrett’s esophagus and severe esophagitis with
hiatal hernia. Why some patients with severe
esophagitis develop Barrett’s esophagus, and some
do not, remains to be determined, but the epidemio-
logical literature suggests that this is at least partially
a function of genetic predisposition. Other factors,
such as the role of duodenogastroesophageal reflux,
are being explored. Neither medical nor surgical
therapy corrects the peristaltic defect associated with
Barrett’s esophagus, although antireflux therapy
clearly creates an effective antireflux barrier.
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Abstract

Barrett’s esophagus is a clinical condition synony-
mous with the presence of a metaplastic specialized
columnar epithelium (SCE) lining the distal esopha-
gus. It develops within the esophagus in ~10% of
subjects with reflux esophagitis—and this as replace-
ment for the native stratified squamous epithelium
(SSE) that was damaged by exposure to refluxed
acid-pepsin. Though SCE has a high rate of cell
turnover thatincreases the risk of esophageal adeno-
carcinoma, SCE remains stable for life in over 90%
of Barrett’s subjects—and some of these subjects, in
part because of SCE’s acid resistance, are (reflux)
symptom-free. For these reasons, then, SCE can be
viewed in most subjects as a “successful adaptation”
for esophageal protection against more severe reflux
injury—injury capable of extending deeper into the
esophageal wall to produce an ulceration potentially
complicated by life-threatening hemorrhage or per-
foration. Given the prevalence and stability of SCE in
most subjects, surprisingly little is known about its
biology and particularly about the means by which it
resists reflux injury. Nonetheless, using a variety of
disparate sources and recently published prelimi-
nary data, a working model of mucosal defense in
Barrett’s esophagus is presented which emphasizes
those features that make SCE uniquely suited for
survival in a reflux setting.

Introduction

Barrett’s esophagus is a clinical condition synony-
mous with the presence of a metaplastic specialized
columnar epithelium (SCE) lining the distal esopha-
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gus. It develops within the esophagus in ~10% of
subjects with reflux esophagitis—and this as replace-
ment for the native stratified squamous epithelium
(SSE) that was damaged by exposure to refluxed
acid—pepsin [1]. SCE, histologically, is a single-
layered tissue with villiform architecture whose
cells typically are of three phenotypes: mucus,
pseudoaborptive, and goblet cells [2]. The goblet
cells are particularly distinctive in that they stain
deeply blue for acidic mucins with Alcian blue, pH
2.5, and this feature is of value in establishing the di-
agnosis of Barrett’s esophagus on esophageal biopsy.

The origin of the cells from which SCE emerges re-
mains unclear, although current theories suggest
that they arise by clonal growth of a pluripotential
(stem) cell derived from either esophageal SSE, gas-
tric epithelium, or ducts of esophageal submucosal
glands [3-5]. A “pluripotential” cell, rather than
growth of an adjacent cell type is supported by the
unique structural and functional characteristics of
SCE, which has features more typical of the small
and large intestine. Although some animal models
suggest that the cell of origin is by upward growth of
gastric epithelium or by outward growth of ductular
epithelium from esophageal submucosal glands, the
columnar lining arising from these models has not
been shown tobe SCE in type [6,7]; moreover, in the
rodent models that do develop SCE—this by expo-
sure of the esophagus to acid and bile by creation of
an esophagogastroduodenostomy or esophagoduo-
denostomy [8,9]—esophageal submucosal glands
are absent. Consequently, and based largely on the
presence in Barrett’s esophagus of a multilayered ep-
ithelium with cytokeratin staining representative of
both squamous and columnar phenotypes, the cell



of origin is believed to originate in squamous epithe-
lium [3]. Further, since human and animal data
suggest that reflux is critical for the generation of
Barrett’s esophagus, the outgrowth of these cells ap-
pears to be promoted by direct contact with the re-
fluxate or by contact with inflammatory products
produced by reflux-induced injury [3-9]. Recent
evidence also suggests that the transition from
squamous to SCE phenotype may be mediated by
activation of CDX1 and/or CDX2, two homeobox
proteins known to play a major role in development
of the normal intestine. Both proteins are present in
Barrett’s esophagus and neither are found in normal
gastric or esophageal epithelium [10,11]. Further,
ectopic expression of CDX1 or CDX2 protein in
transgenic mice has been shown to induce intestinal
metaplasia in gastric epithelium and esophageal ep-
ithelial cells transfected with the CDX2 gene have
been shown to have this gene activated by chronic
exposure to acid [12-14]. Additional support for a
role of the CDX1/CDX2 proteins in the development
of SCE is provided by Wong et al. [15]. They observed
that exposure to bile salts and inflammation (tumor
necrosis factor-o. [TNF-a], interleukin 1f [IL-1B])
could activate CDX1 through NF-xB signaling but
only in cell lines in which the CDX1 promoter was
either unmethylated or partially methylated [15].
In effect the data support demethylation of the
CDX1 promoter as one means by which refluxates
or reflux-induced inflammatory products can
trigger the activation of a homeobox protein—in this
case, CDX1—so thatit can serve to induce and main-
tain an intestinal phenotype typical of Barrett’s
esophagus.

A vital feature of the pluripotential cells is that
theysurvive toform SCE in an environment noxious
enough to destroy the cells that give rise to
esophageal SSE, and this they do by having superior
defensive capabilities against acid, pepsin, and bile
within the refluxate. The fact that SCE has greater
acid resistance than SSE, is supported by the follow-
ing observations: (a) esophageal acid perfusion in
Barrett’s esophagus elicits no symptoms or symp-
toms less severe than those with reflux uncompli-
cated by Barrett’s esophagus [16]; (b) most subjects
with Barrett’s esophagus lack sufficient reflux symp-
toms to seek medical care [17]; (c) ablation of SCE
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heals with SSE when acidity is controlled by proton
pump inhibitors (PPIs) [18,19]; and (d) ablation
of SSE heals with columnar epithelium when
esophageal acidity is enhanced by promoting
reflux [7]. In one sense then the development of
SCE represents a “successful adaptation” for
protection against further reflux injury—injury with
the capability of extending deeper into the
esophageal wall to produce an ulceration potentially
complicated by life-threatening hemorrhage or
perforation.

Although SCE represents a successful adaptation
to a hostile environment, it has a downside in that it
is a premalignant lesion that increases the risk of
esophageal adenocarcinoma [20-22]. This risk of
cancer is estimated at 30-40 times that of the general
population or one in 200 (0.5%) patients per year for
an overall lifetime cancer risk of ~5% [1,5,23].
Viewed from the opposite perspective, the data indi-
cate that the large majority (95%) with Barrett’s
esophagus live with stable SCE for a lifetime. Fur-
ther, stability is maintained whether or not the
subject receives antireflux therapy. This is the case
since most with Barrett’s esophagus lack sufficient
symptoms to seek medical help and so remain
undiagnosed and eftfectively untreated [1,24,25].
In addition, the only sure means of preventing
malignancy in Barrett’s esophagus is its complete
eradication through esophagectomy. However,
esophagectomy has significant morbidity (~25%)
and mortality (~5%) and so its use is reserved for
those with high-grade dysplasia or adenocarcinoma
[1,26]. Consequently, even after diagnosis, SCE
generally remains in place to perform those
functions required of an epithelial lining in the lower
esophagus—and, even with acid suppressive
therapy, it does so in a decidedly inhospitable envi-
ronment due to ongoing reflux of duodenogastric
cotents.

How SCE provides protection under chronic re-
flux conditions has not been rigorously investigated.
Consequently, knowledge of its protective biology
remains rudimentary, even though such mecha-
nisms are at the heart of its very existence. Nonethe-
less, using a variety of disparate sources and recently
published preliminary data, a working model of
mucosal defense in Barrett’s esophagus is presented
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Fig. 7.1 Mucosal defense in Barrett’s esophagus. A work-
ing model of the mucosal defenses in Barrett’s is shown to
contain the following components: mucus layer, surface
bicarbonate within unstirred water layer, apical cell mem-
brane with capacity for bicarbonate transport, intercellular
junctional complex composed of tight junctions and

here which emphasizes those features that make
SCE uniquely suited for survival in the reflux setting
(Fig.7.1).

Mucosal Defense in
Barrett’'s Esophagus

Mucosal defense is a self-evident term that encom-
passes those features that enable the mucosa to de-
fend itself against an injurious substance. The major
injurious substances for the esophagus are those re-
fluxed into the lumen from the stomach—namely
acid, pepsin, and bile salts. How SCE defends against
these products is the primary focus of this presenta-
tion. For discussion purposes, mucosal defense can
be separated into three components based on the
relationship to the epithelium proper. They are:
(i) the preepithelial (lumen-side); (ii) epithelial
(epithelium proper); and (iii) postepithelial
(blood-side) components. Individual factors under
these components are listed in Table 7.1 and include
for SCE amucus layer, surface bicarbonate, unstirred
water layer, apical cell membranes, junctional com-
plex, buffers, ion transporters, blood supply, and
repair [27]. Each of these defenses is described
below, with the exception of blood flow where data
for SCE are notably lacking.

Na+

zonula adherens, intracellular buffers, and regulators of
intracellular pH such as Na*/H* exchanger. This system is
supported by the blood supply, which is not shown. GC,
goblet cell; MC, mucus cell; TJ, tight junction; UWL, un-
stirred water layer; ZA, zonula adherens.

Table 7.1 Mucosal defense in Barrett’s esophagus.

Preepithelial components
Mucus layer

Unstirred water layer
Surface bicarbonate

Epithelial components
Apical cellmembrane
Membrane ion transporters
Regulators of cell pH
Bicarbonate secretion
Intercellular junctional complex
Tightjunctions
Zonula adherens
Cytosolic buffers
Carbonicanhydrase
Intercellular buffers
Epithelial repair

Postepithelial components
Blood supply

A global measure of mucosal health and integrity
is the electrical potential difference (PD). The PD fol-
lows Ohm'’s Law in that it is the mathematical prod-
uct of net current flow across the tissue times the



tissue’s electrical resistance; and as a mucosal prop-
erty itis generated almost exclusively by the epithe-
lium. Indeed the PD reflects two characteristic
properties of the epithelium—its ion transport and
barrier function [28]. Moreover, since each epitheli-
um has aunique set of transporters and barriers, spe-
cific epithelial types have characteristic PD values.
For instance, in vivo esophageal SSE combines high
electrical resistance with low current flow to yield a
PD that averages ~—15 mV [29]. In contrast, in vivo
esophageal SCE combines a high current flow with
low electrical resistance to yield a PD that averages
~=30mV [30]. Examples of these differences for SCE
and SSE are shown diagrammatically in Fig. 7.2.
Moreover, these differences in PD can be detected in
vitro in biopsies of SCE and SSE when mounted in
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Fig. 7.2 Esophageal transmural electrical potential differ-
ence (PD) profiles are shown for a subject with a healthy
esophagus lined by stratified squamous epithelium (SSE)
and for a subject with a long segment (3 cm) of Barrett’s
esophagus. The PD values that are recorded were localized
to the different regions of esophagus by simultaneous
measurements of esophageal pressure so that the values
could be referenced as distance above, below, or within the
high-pressure zone created by the lower sphincter. LES,
lower esophageal sphincter. Modified and reproduced
with permission from Herlihy et al. [30].
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mini-Ussing chambers; and consequently this prop-
erty can be utilized for further investigation of the
structures and functions responsible for mucosal
defense—for details, see below.

Preepithelial Factors in
Mucosal Defense

Among the preepithelial factors for mucosal defense
againstreflux injury are the surface mucuslayer, un-
stirred water layer, and bicarbonate ions. These fac-
tors protectin atleast two important ways: (i) surface
mucus forms a covering of viscoelastic gel that en-
traps and prevents large molecules, e.g. pepsin and
bile salts, from gaining access to the epithelium; and
(ii) bicarbonate ions secreted from surface cells or
diffusing from blood via the paracellular pathway
are enmeshed within the mucus and unstirred water
layer where they serve to neutralize hydrogen ions
(H*) diffusing from lumen to epithelium [27,31] (see
Fig. 7.1). The capacity for neutralization of H" by the
preepithelial factors can be illustrated by recording
the lumen-to-surface pH gradient under conditions
of varying luminal acidity. When this has been done
in vivo in humans for gastric or duodenal epithelium,
aluminal pH of 2.0 resulted in a pH of 6-7 at the sur-
face of the epithelium—amounting to support of a
gradient for H* of 100 thousand to 1 million to 1. In
contrast, the SSE-lined human esophagus was much
less robust yielding at luminal pH 2.0, a surface pH of
2.0-3.0—amounting to at most a gradient of only 10
to 1 [32]. The capacity of Barrett’s esophagus to sus-
tain a pH gradient has not been recorded in vivo;
however, the lumen-to-surface pH gradients for SCE
and SSE have been measured and compared in vitro
using biopsies mounted in mini-Ussing chambers
and pH microelectrodes. The results showed that at
luminal pH 3.5, SCE maintained a surface pH of ~5
while atluminal pH 3.5, SSE maintained a surface pH
of ~4 [33]. This indicates that under similar degrees
of luminal acidity SCE has a 10-fold greater capacity
to neutralize back diffusing H* than SSE—and as
such support is provided for the hypothesis that SCE
arises in reflux subjects in place of SSE because of its
greater acid resistance.

The mechanisms responsible for the greater acid
resistance of SCE over SSE have not been fully eluci-
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dated. Nonetheless, one factor thatlikely contributes
to the difference is the presence in SCE, but not SSE,
of a surface mucus layer [34]. This is illustrated in
biopsies of healthy human esophagus and Barrett’s
esophagus by staining with Alcian blue/periodic
acid-Schift (PAS) (Plate 7.1a,b; color plate section
falls between pp. 148-9). Of additional interest is
that all cells in SCE secrete mucins and that these
mucins are secreted from different areas and have
differing biologic properties. For instance, MUC5AC
and MUCS3 are strongly expressed in the surface ep-
ithelium, MUC2 in the goblet cells and MUC6 in the
cells of the glands [35-37]. Moreover, MUC5AC and
MUCS6 are associated with protection of the stomach
against acid, and MUC2 and MUC3 are associated
with protection of small intestine against bile. Con-
sequently SCE, as producer of all four mucins, ap-
pears uniquely suited for defense against a refluxate
containing mixtures of both acid and bile salts. As
noted above, SSE has no surface mucus layer; but
while SSE secretes no mucins, MUC5B is secreted by
the esophageal submucosal glands [35,36]. MUC5B,
however, is a soluble mucin useful for lubrication but
not for surface protection by formation of a gel layer
[35]. Consequently, SSE has greater exposure to
luminal content, such as pepsin and bile salts, and
more limited surface buffering of backdiffusing H*.
Indeed, this weakness of preepithelial defense in
SSE-lined esophagus has been suggested as one rea-
son why greater levels of acid suppression are need-
ed for control of symptoms and for lesion healing in
reflux esophagitis than in peptic ulcer disease—the
former generally requiring PPI therapy and the latter
only requiring histamine-2 receptor antagonists
[38].

A second factor that likely contributes to the
greater acid resistance of SCE over SSEis that SCE se-
cretes significant quantities of bicarbonate ions (see
Fig. 7.1). This has been documented by mounting
biopsies containing SCE in mini-Ussing chambers
and showing that removal of bathing solution bicar-
bonate reduces its sizable (short—circuit) current by
~6 HAmps/cm? while similar experiments with SSE
showed a reduction in current by ~0.5 pAmps/cm?
[39]. This represents a 12-fold greater amount of bi-
carbonate secreted by SCE compared to SSE. What
mechanisms account for bicarbonate secretion in

SCE currently remains under investigation as does
the contribution to surface buffering of both SCE and
SSE by bicarbonate secreted by the esophageal sub-
mucosal glands [40].

Epithelial Defense

The epithelial defense comes into play when surface
buffering is exceeded by back diffusing H*. This oc-
curs, for example, when luminal pHis reduced to 2.0
in vitro in both SSE-lined and SCE-lined esophagus
[33]. Atthis point, surface acidity approaches the po-
tentially injurious levels of luminal acidity, and this
requires the epithelium proper to revert to another
set of defenses for protection against cell injury and
death (see Table 7.1). The epithelial defense in SSE
has been investigated in both human and rabbit
esophagus and is quite robust when it comes to with-
standing an attack by luminal H*. For instance, per-
fusion of the rabbit esophagus with HCI, pH 2.0, for
up to 3 hresultsinnoinjury [27,41]—though its vul-
nerability can be markedly enhanced by the addition
of the proteolytic enzyme, pepsin, to the acidic solu-
tion [42]. Asin the rabbit, the healthy human esoph-
agus is also highly acid resistant. This is illustrated
by the lack of symptoms or signs of injury during
esophageal perfusion with HCI, pH 1.1, for 30 min
(Bernstein test) [43]. The success of this defense is
primarily the result of combining two diffusion bar-
riers with two buffering systems. The two diffusion
barriers for H* are those provided by the apical mem-
brane and intercellular junctional complex [44-46].
The apical membrane resists H penetration by virtue
of its lipid bilayers and, though it also possesses
cation channels for Na* absorption, these channels
have been shown to be inhibited at acid pH [45].
Similarly, the intercellular junctions are notaqueous
highways for the free diffusion of H" into the inter-
cellular space. This is due to the presence of tight
junctions (zonula occludens) and adherens junc-
tions (zonula adherens) whose bridging proteins of
occludin and claudins and E-cadherin, respectively,
limit the rate of H* diffusion and to the presence
below these junctional bridges of an intercellular
glycoprotein matrix with MUC1 and MUC4 contain-
ing neutral and sialic acid-rich mucopolysaccharides
[47,48]. Nevertheless, circuit analysis of SSE has



shown that the paracellular (shunt) pathway is the
weak link in the barrier being more permanent than
the transcellular pathway to ions and molecules
[46].

SCE, as with SSE, also exhibits barrier function,
and this is evident both in vitro and in vivo by the pres-
ence of ameasurable PD (see Fig. 7.2). Although cir-
cuit analysis has not been performed on SCE to date,
data from biopsies of SCE mounted in mini-Ussing
chambers indicate that SCE has a lower transepithe-
lial resistance than SSE. This suggests that SCE has
either greater permeability to ions acrossits transcel-
lular and/or paracellular pathway than does SSE
[39]. Yet details about its structural defense are limit-
ed and specifically the capacity to prevent H* diffu-
sion from lumen-to-blood have not been examined.
What is known, however, is that SCE, like SSE, con-
tains an adherens-type junction—this based on im-
munohistochemical studies showing the adherens
junctional protein E-cadherin complexed to B-
catenin within the cell membrane [49,50]. And
though Western blots of SCE and SSE indicate that
expression of E-cadherin in SCE is significantly
lower than SSE from either healthy or reflux sub-
jects, the functional significance of this difference re-
mains unknown [51].

Among the functional components of the epithe-
lial defense are cytosolicand intercellular buffers and
ion transporters involved with the regulation of in-
tracellular pH. The former protect by neutralizing H*
within cytoplasm and intercellular space and the lat-
ter by transporting H* from cytoplasm into the inter-
cellular space for removal by the blood supply (see
Fig. 7.1). The total buffer capacity (B;) in primary
cultures of (rabbit) SSE has been measured by fluo-
rescence microscopy in BCECF-loaded cells—yield-
ing values of 38.6 mmol/pH unit for basal cells at
a pHi of 7.1 [52,53]. Similar values for B for
esophageal cells of human SSE or SCE are unknown.
Nonetheless, significant intracellular buffering is
likely given that immunohistochemistry has shown
thatboth human esophagus lined by SSE and by SCE
contain the enzyme carbonic anhydrase which cat-
alyzes the conversion of CO, and H,O to carbonic
acid, and carbonic acid ionizes into bicarbonate and
hydrogen ions. Bicarbonate ions are then made
available for intracellular buffering by removal of H*
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by a membrane Na*/H* exchanger which removes
intracellular H" in exchange for extracellular Na™.
Both SSE and SCE have been documented to contain
a Na*/H* exchanger of the NHE-1 isotype—this iso-
type known for its role in regulation of intracellular
pH. Further, when cellular buffering capacity is
exceeded and pHi falls to acidic levels, cells in
SSE are known to raise intracellular pH by a
second mechanism—a Na*-dependent CI/HCO,~
exchanger [52-55]. The end resultis that transporter
activity raises low pHi back toward neutrality by
dumping H* into the intercellular space. Moreover,
in SSE activation of acid extruding transporters usu-
ally results in an overshoot so that cells transiently
become alkaline—a process that activates a cell-
acidifying basolateral membrane Na-independent,
CI"/HCO;~ exchanger [53]. Details by which SCE
regulate pHi are limited; nonetheless, an acid-
extruding Na*/H* exchanger of the NHE-1 isotype is
known to be present based on identification of its
mRNA in SCE and evidence of an amiloride-sensi-
tive acid extrusion process in a Barrett’s adenocarci-
noma cell line, TE7 [56,57]. Since details regarding
the rate of H* removal by the Na*/H" exchanger
and/or the presence of other mechanisms for regula-
tion of pHi are unknown, it is unclear whether SCE
has superior intracellular buffering capacity or acid
extruding potency than SSE. Nonetheless, it has
been reported that mRNA levels of NHE are signifi-
cantly higher in SCE than in adjacent SSE [57].

Cell Replication as Mucosal Defense

For preservation of epithelial integrity, cell injury
and death in SSE or SCE must be countered by a
reparative defense. In SSE two means of repair have
been identified—one is through epithelial restitu-
tion and the other is through cell replication. Restitu-
tion restores epithelial integrity in an area where
cells are damaged or lost by senescence through the
migration of adjacent, uninjured cells over the ex-
posed basement membrane. The most desirable fea-
ture of restitution as protective device is its speed,
occurring in 30-60min due to the lack of need for
DNA and protein synthesis [58]. Nonetheless, while
shown to occur in vitro in cultures of SSE, restitution
of barrier function has not been documented to
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occur following injury to native SSE. This is illustrat-
ed in vitro by a lack of restoration of electrical resis-
tance in acid-injured SSE whose recovery was
monitored for at least 2 h in the Ussing chamber and
in vivo by the apparent delay in resolution of micro-
scopicinjury (dilated intercellular spaces) in SSE fol-
lowing PPI therapy in reflux patients [59,60]. This
suggests that replication, not restitution, is the major
reparative defense for acid injured SSE-lined esoph-
agus; and this phenomenon detectable by the
histopathologic finding of basal cell hyperplasia in
esophageal biopsies from subjects with non-erosive
reflux disease (NERD) [61]. It is of interest that one
stimulus for cell replication in SSE-lined esophagus
invivo is exposure to epidermal growth factor (EGF);
and the major source of EGF in this setting is saliva.
How luminal EGF from saliva gains access to its re-
ceptors on the basal cells has been somewhat of a
mystery. Yet, recent studies of non-erosive, acid-
damaged SSE in Ussing chambers indicates that acid-
induced injury, evidenced by dilated intercellular
spaces, is associated with changes sufficiently great
to permit EGF to access the basal cell layer by diffu-
sion through the paracellular pathway [62].

In SCE studies of repair have been limited to those
dealing with cell replication. This is not surprising
since, as noted earlier, the high rate of cell turnover
in SCE contributes to the increased risk of malignant
transformation. High cell turnover involves greater
rates of DNA synthesis, and it is during DNA synthe-
sis that the risk is greatest for mutation. Since muta-
tions that confer a survival advantage provide longer
celllife, growth-enhancing mutations accumulate so
that cells progress toward autonomy. Moreover, the
evolution of this process can be identified genomi-
cally by the presence of aneuploidy, increased G2
tetraploidy and p53 mutation, and phenotypically by
the presence of dysplasia [63,64]. A coupling then of
autonomous cell growth with inhibition of apoptosis
provides the ingredients for fulfillment of the meta-
plasia—dysplasia—carcinoma sequence [65,66].

Cancer risk aside, the high rate of cell turnover in
SCE can be viewed in a more positive light—that is,
as successful adaptation for maintenance of tissue in-
tegrity in the face of repeated injury by contents in
the refluxate. It is, therefore, not surprising that Bar-
rett’s esophagus contains elevated levels of growth

factors and inflammatory products—many of which
are known to promote and support cell proliferation
(Fig. 7.3). Included among these are: transforming
growth factor-o. (TGF-a), EGE, EGF receptor, hepa-
tocyte growth factor, vascular endothelial growth
factor, cyclooxygenase-2 (COX-2), glutathione per-
oxidase, erb-B2, c-myc, TNF-o, IL-6, IL-8, ornithine
decarboxylase, nitric oxide synthase, PPARYy, CCK2,
gastrin, and metallothionein [23,49,67-73]. TGF-o
and EGE in particular, are potent stimulants for cell
proliferation, and their actions mediated via upregu-
lation of such growth-promoting nuclear ongogenes
as c-fos, c-jun, c-mycand cyclin D. Transduction of the
signal for TGF-o from the cell membrane to the nu-
clear gene pool has been attributed in Barrett’s
esophagus to an increase in phosphorylation of -
catenin. When phosphorylated, B-catenin—usually
membrane bound in a complex with E-cadherin—
can travel to the nucleus and serve as transcription
factor for the activation of genes that both promote
growth (see above) and angiogenesis [23,49,67,70].
Alternatively, signal transduction for EGF has been
associated with activation of membrane phos-
phatidyl-inositol-3 kinase (PI3)—a pathway whose
proliferative signal is mediated by increased phos-
phorylation of the pro-proliferative protein, Akt
(protein kinase B) [74]. This latter pathway will
again come to the fore in the discussion of bile salts
and most proliferative pathways appear to converge
upon COX-2 enzyme activity—see below.

Although proliferative signals for SCE are in-
creased by the products of injury and inflammation,
there is also evidence cell proliferation can be stimu-
lated even without injury by components of the re-
fluxate—especially acid and bile salts [75-79] (see
Fig. 7.3). For instance, exposure of biopsies from
Barrett’s esophagus in organ culture to short pulses
of acid, pH 3.5 for 1 h are reported to enhance prolif-
eration; and this effect is mediated through
prostaglandin E, (PGE2) produced by activation of
both protein kinase C-¢ (PKCe) and COX-2 enzyme
[75,76]. PKCein turnleads to proliferation by activa-
tion of a type-1, Na*/H" exchanger (NHE-1)—a
process that carries with it both protective (raising
intracellular pH) and proliferative benefits. Confir-
mation of this sequence was further established by
showing that the acid-induced proliferative re-
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Fig. 7.3 Replication as defense in Barrett’s esophagus.
This illustration depicts three ways in which exposure to a
gastroesophageal refluxate can increase cell proliferation
in Barrett’s esophagus. More than one may be operative at
any point in time and duration of exposure to the refluxate
and its components can change a stimulatory effect into an
inhibitory effect, attesting to the complexity of the process.
A major point of convergence for stimulation by the re-
fluxate appears to be through activation of the COX-2 en-
zyme. See text for discussion of other pathways by which

sponse in biopsies of Barrett’s esophagus were inhib-
ited by amiloride analogues which are known to
block the Na*/H* exchanger (Fig. 7.4). And the
mechanism for NHE-induced proliferation ascribed
to an alkaline overshoot induced by NHE following
removal of extracellular acidity—the alkaline over-
shootdocumentedin TE7 cells, a Barrett’s esophagus
cancer cell line, using fluorescence microscopy [57].

A second mechanism by which acid may stimulate
the proliferative response in Barrett’s esophagus is
via activation of mitogen activated protein kinase
(MAPK) pathways [77,78]. This has been docu-
mented to occur in vivo by exposing Barrett’s esopha-
gus to acid (0.1 N HCI) for 3min and showing on
biopsy that thisincreased extracellular signal-related
kinase (ERK), c-Jun N-terminal kinase (JNK), and
p38activity, though only p38activity reached statisti-
cal significance (Fig. 7.5). In vitro studies using SEG-1
cells, a Barrett’s esophagus cancer cell line, con-
firmed that acid-induced activation of MAPK
pathways results in a proliferative signal mediated

growth factors can increase cell proliferation in Barrett’s
esophagus. The question mark (?) indicates that this path-
way has not been documented in either Barrett’s esopha-
gus or a Barrett’s cell line. COX-2, cyclooxygenase-2; EGE
epidermal growth factor; ERK, extracellular signal-related
kinase; IL, interleukin; MAPK, mitogen activated protein
kinase; PI3, phosphatidyl-inositol-3 kinase; PKC, protein
kinase C; TGF-q, transforming growth factor-o; TNF-a,
tumor necrosis factor-a.
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Fig. 7.4 After anacid pulse for 1 hatpH 3.5, proliferation
in mucosal biopsies of Barrett’s esophagus in organ culture
are shown by tritiated thymidine uptake in counts per
minute per milligram of tissue (cpm/mg) to be sensitive to
inhibition by 5-(N ethyl-NN-isopropyl)-amiloride (EIPA),
an inhibitor of Na*/H* exchange. Modified and reproduced
with permission from Fitzgerald et al. [57].

through a rapid increase in ERK and p38 and a de-
layed increase in JNK. Subsequently, it was shown
that the proliferative signals for ERK and p38 were
mediated via an increase in COX-2 protein expres-
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and the expression of COX-2 could be abolished by © a0
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pled with those described above, indicate that acid "5 123 ]
exposure to Barrett’s esophagus can induce prolifer- T 6o
ation in at least two ways—one injurious and one 2 40
physiologic—and that both of these pathways lead E ?g:

to increases in COX-2 enzyme (see Fig. 7.3). A key
role for COX-2 enzyme in proliferation in Barrett’s
esophagus is also supported experimentally by
showing reductions in proliferation in tissues ob-
tained from an animal model of SCE and from sub-
jects with Barrett’s esophagus following treatment
with COX-2 inhibitors in vivo [80,81]. In addition,
there are also in vivo data to support the role of acid
exposure in the proliferative response in Barrett’s
esophagus—this by demonstrating reductions in cell
turnover using proliferating cell nuclear antigen
(PCNA) staining following treatment with PPIs [82].
Notably the reduction in cell turnover in Barrett’s
esophagus was only evident in those treated with
PPIs who could be demonstrated by intraesophageal
pH monitoring to have normalized esophageal acidi-
ty. Based on these observations, consideration has
been given to the use of COX-2 inhibitors and/or PPIs
as strategies for chemoprevention of malignancy in
Barrett’s esophagus [45,83]. The potential benefits
of these strategies, however, will have to await addi-
tional trials given recent concerns about the cardiac
risks associated with long-term use of COX-2 in-
hibitors and the potential for offsetting influences of
hypergastrinemia induced by prolonged hypoacidity
with PPIs. Offsetting influences with PPI therapy are
suggested by the lack of documented reduction in
esophageal adenocarcinoma rates in subjects with

Control 50 100 200 300 400 500 1000
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Fig. 7.6 A dose-dependent effect on proliferation is
shown for exposure of SEG-1, a Barrett’s adenocarcinoma
cell line, to the conjugated bile salt, glycochenodeoxy-
cholicacid (GCDA). Values are the mean =+ standard error
of the mean. Reproduced with permission from Jaiswal
etal. [79].

Barrett’s esophagus treated with PPIs and by the ob-
servation that the hormone, gastrin, can also medi-
ate cell proliferation in Barrett’s esophagus, this via
the presence in Barrett’s esophagus of CCK2 recep-
tors [84].

An alternative means of offsetting the benefits of
PPI therapy on cell proliferation in Barrett’s esopha-
gus is through exposure to bile salts at non-acidic pH
within the refluxate. As with brief exposures to acid,
brief exposures to bile salts have also been shown to
promote PKC and COX-2 dependent proliferation in
Barrett’s esophagus [85]. And using SEG-1 cells, it
was observed that this proliferation is mediated by
activation of the PI3/Akt pathway, the same path-
way that serves as proliferative signal for EGF [79]
(Fig. 7.6). Further, in squamous (not studied for Bar-
rett’s esophagus adenocarcinoma) cancer cell lines,
bile salt-induced activation of the PI3/Akt pathway



was also shown to generate an increase in COX-2 ex-
pression [85]. Consequently, acid, bile salts, and the
inflammation produced in SCE, all appear to have in
common the capacity to generate COX-2 enzyme.
COX-2 enzyme then becomes a focal point where
diverse signals meet to generate a proliferative
response—a response that when contained is
protective and when liberated by loss of the apoptot-
icbrake can be harmful (see Fig. 7.3).

Summary

Although esophageal SCE is known as a premalig-
nant lesion, it arose out of necessity as a protective
defense against severe reflux injury. In the large ma-
jority of subjects, SCE remains in place in the lower
esophagus for a lifetime and without signs or symp-
toms of tissue injury; and as such it can be considered
for them a “successtul adaptation.” How SCE
achieves this successin the face of a refluxate capable
of destroying the native SSE is not well understood.
However, data gathered from a variety of sources and
presented here provide an initial working model of
SCE as mucosal defense. One component of this mu-
cosal defense is cell replication, an apparent two-
edged sword capable of providing a healthy mucosa
in most but alternatively in some degenerating into
malignancy. Additional research is needed on cell
replication and other aspects of the protective biolo-
gy of SCE—so thatarmed with new knowledge phar-
macologic means can be designed that maintain the
obvious benefits of SCE as a reflux-resistant tissue
and yet minimize its (cancer) risk.
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The relationship of Helicobacter pylori infection with
gastroesophageal reflux disease (GERD) is complex
and intriguing. Studies with different degrees of sci-
entific strength provide evidence for an ambiguous
role of H. pylori infection in GERD and its complica-
tions, Barrett’s esophagus, and esophageal adeno-
carcinoma. However, the range of this relationship is
from causative, with no reciprocal influence, to even
protective. At present, there is no unequivocal evi-
dence as to whether H. pyloriinfection can be consid-
ered causative or protective in the development of
Barrett’s esophagus or esophageal adenocarcinoma.
To further elucidate the relationship, we attempt to
apply the criteria of Hill in a simplified version with
considerations to [1]:

¢ biological plausibility (pathophysiology);

e association (epidemiology);

o effect of clinical intervention.

We will consider non-erosive reflux disease, erosive
reflux disease, and Barrett’s esophagus as distinct en-
tities, although at present there is still uncertainty
whether all these manifestations of GERD may be
linked by a temporal continuum. Different etiologic
and pathophysiologic traits, and a different magni-
tude and composition of the refluxate in the esopha-
gus have been reported in patients with Barrett’s
esophagus.

Pathophysiology

H. pylori infection is mostly acquired in childhood,
usually persistent, and invariably induces chronic
active gastritis. At least one out of 10 infected sub-
jects will experience one of the following diseases
during their lifetime: gastroduodenal ulcer, gastric

MALIT lymphoma, or gastric cancer. Patients with
duodenal ulcer are unlikely to develop gastric can-
cer. Pathophysiological data show that the pheno-
type of gastritis and acid output are key determinants
for these different outcomes of H. pylori infection.
Duodenal ulcer occurs in patients with antral-
predominant gastritis associated with a high acid
output, whereas gastric cancer (confined to intesti-
nal type, which is predominant) is mainly linked
to corpus-predominant gastritis and multifocal
atrophic gastritis with low acid output. H. pylori
infection exerts a variable influence on gastric acid
output [1-4]. The mechanisms by which H. pylori
exerts its effect on acid secretion are becoming
increasingly elucidated. It appears obvious that the
interplay between H. pyloriinfection and acid output
can also have a bearing on the pathogenesis of
Barrett’s esophagus.

Conceivable mechanisms that might mediate
the influence of H. pylori infection on the develop-
ment of Barrett’s esophagus can be categorized as
follows:

(a) composition of the gastroesophageal refluxate;
(b) esophagogastric motor function;
(c) inflammation of the esophagogastric junction.

Composition of the Gastroesophageal Reflux-
ate Bacterial cytotoxins of H. pylori are unlikely to
be active in the refluxate. Cytotoxins like Vac A and
CagA proteins exert their effect only through a close
contact of the bacterium with the epithelial cell. Am-
monium, by contrast, is likely to be an important
component of the refluxate. It is produced by H. py-
lori in such amounts that it slightly reduces the gas-
tric juice acidity [5,6]. The strongest influence of H.
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pylori on gastric acid secretion, however, is mediated
through gastric mucosal inflammation (Fig. 8.1).
The inflammation of the gastric mucosa may either
increase or decrease acid secretion depending on the
topographical distribution of the inflammation. The
antrum-predominant gastritis leads to a high acid
output [2,4]. Pangastritis or, in particular, the
corpus-predominant gastritis is linked with acid
hyposecretion [3]. The mechanisms leading to
hypersecretion are an elevated serum level of gastrin
which is universally found in H. pylori infection and
the disruption of negative feedback during neural
connections, but requires a functioning corpus mu-
cosa [7]. If the corpus mucosa is severly inflamed,
acid secretion is inhibited despite an elevated gastrin
level. This inhibition is mediated by cytokines, in
particular interleukin-1f which is abundantly re-
leased in the inflamed mucosa. Recent data indicate
that genetic host factors, in particular polymor-
phisms of interleukin-1p, have an important effect
on gastric acid suppression [8,9].

The relationship between distribution of H. pylori
gastritis and acid output is also reciprocal. The topo-
graphic pattern of H. pylori gastritis determines acid
output, but also the acid secretion impacts on the
bacterial distribution. This has been well demon-
strated through therapeutic interventions. If acid se-
cretion is inhibited with a proton pump inhibitor,
then an antrum predominant gastritis shifts to a
corpus-predominant gastritis. H. pylori eradication in
a patient with antrum predominant gastritis on the
contrary reduces acid hypersection because it lowers
gastrin and restores the neural feedback system.
H. pylori eradication in pangastritis or corpus-
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tis: antrum predominant gastritis ver-
sus pangastritis.

predominant gastritis may lead to normalization of
acid secretion in those cases, in which atrophic
changes of gastric mucosa can be reversed. In ad-
vanced atrophy of the corpus mucosa, low acid se-
cretion is an irreversible condition [3,10]. With the
return to normal acid output following eradication
several authors have reported an increase in GERD.
However this apparently requires that the gastro-
esophageal reflux barrier is impaired and, therefore,
becomes permissive for acid reflux [11-14]. This is
currently the best acceptable explanation for how H.
pylori infection in certain selected cases may exert a
“protective effect” against GERD.

Esophagogastric Motor Function Incompe-
tence of the lower esophagus sphincter is considered
to be one of the critical disorders responsible for
GERD. H. pylori infection induces the production of
nitric oxide known to decrease the pressure of the
lower esophagus sphincter [15]; however, itis as yet
not clear whether nitric oxide reaches the lower
esophagus in relevant amounts. On the other hand,
H. pylori infection is also linked to increased gastrin
release [2,4,15] and gastrin enhances the lower
esophageal sphincter pressure. Clinical data on the
influence of H. pylori status on motor functions of
the esophagus and lower esophageal sphincter are
scarce and conflicting [16-18]. From current data we
conclude that H. pylori exerts, if any, only a minor in-
fluence on lower esophagus sphincter function in
healthy volunteers or patients with GERD. In pa-
tients with Barrett’s esophagus, the influence of H.
pylori on esophagogastric motor function has not yet
been investigated.



Duodenogastroesophageal reflux is also involved
in the development of Barrett’s esophagus. Two
mechanisms contribute to duodenogastric reflux:
retrograde movement of duodenal contents and im-
paired gastric emptying. A number of studies on the
effect of H. pylorion gastricemptying, using scintigra-
phy, ¥C-octanoic acid breath test and ultrasound
measurement of the antral area [19-25], and studies
on antroduodenal motility using antroduodenal
manometry [22,25], and electric gastric activity by
electrogastrogaphy [26,27] have not shown a signif-
icant role. Duodenogastric reflux has not appeared
to be influenced by H. pylori infection according to
three small studies using biliary scintigraphy [28,29]
and Bilitec 2000 bilirubin monitoring [30]. Indirect
evidence for duodenogastric reflux can be obtained
from histopathology, as duodenogastric reflux
induces reflux gastritis, also defined as reactive
gastritis [31,32]. There is a minor association
between duodenogastric reflux and intestinal meta-
plasia of the stomach [33,34], and also between
reactive gastritis and the presence of intestinal
metaplasia of the esophagogastric junction [32].
However, the dominant cause of intestinal metapla-
sia in both the distal stomach and the gastric cardia is
H. pyloriinfection [35]. In the presence of H. pyloriin-
fection, it becomes difficult to attribute the inflam-
mation to abnormal duodenogastric reflux. In H.
pylori-negative patients, the association of reactive
gastritis with intestinal metaplasia of the esopha-
gogastric junction awaits confirmation by further
studies.

Inflammation of the Esophagogastric Junction
Inflammation of the cardia contributes to the devel-
opment of intestinal metaplasia in that area. It is also
well established that Barrett’s carcinoma is the final
step in a sequence of inflammation, metaplasia, dys-
plasia (intraepithelial neoplasia), and neoplasia of
the distal esophagus [36]. However, it is difficult to
assess the relative contribution of H. pylori infection
and GERD to the development of intestinal metapla-
sia and eventually cancer progression. In an endo-
scopically normal esophagogastric junction, some
authorsreportinflammation and intestinal metapla-
sia associated with H. pylori infection, others demon-
strate a close association with GERD (reviews:
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[35,37]). Some of these discrepancies may be due to
the different definitions of the normal anatomy of
the esophagogastric junction in this region. Cardia-
type mucosa may either represent normal gastric
cardia or columnar lined epithelium as metaplasia of
the distal esophagus [38-40]. The extent of cardia-
type mucosa in the distal esophagus and the severity
of GERD are correlated [41], and there is contro-
versy if cardia-type mucosa may precede the devel-
opment of intestinal metaplasia [40,42]. However
only specialized intestinal metaplasia of the esopha-
gus bears the increased risk of adenocarcinoma, and
fulfills the most recent definition of Barrett’s esopha-
gus [43]. Numerous studies have shown that the
gastric cardia can be colonized by H. pylori [44],
although its colonization in this area is lower than
that in the gastric antrum [45]. Also cardia-type
metaplasia of the lower esophagus can be colonized,
whereas intestinal metaplasia cannot [46,47]. Since
H. pylori cannot colonize the intestinalized columnar
epithelium in the esophagus, the bacterium is un-
likely to promote the transition from Barrett’s mu-
cosa to carcinoma by mechanisms known for the
stomach, like adhesion and intraepithelial injection
of cytokines [48].

Epidemiology

Both, H. pyloriinfection and GERD are common con-
ditions and the prevalence of both conditions in-
creases with age. Therefore, correlation of H. pylori
infection and GERD should be expected by chance,
due to age as a confounder. However, two systematic
reviews reported an inverse association of GERD
with the prevalence of H. pyloriinfection, being 10%
lower in GERD patients than in controls [44,49]. Of
note, a significant lower H. pylori prevalence in
GERD was found mainly in studies from the Far East
[49].

Barrett’s Esophagus

Few data are available with regard to the association
of H. pyloriinfection and Barrett’s. The systematic re-
view of O’Connor summarized the small-size studies
published up to 1999 and revealed no difference of
the H. pylori prevalence between patients with Bar-
rett (29%) and controls (30%) [44]. More recent
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Table 8.1 Helicobacter pyloriprevalence (determined with histology, rapid urease test and/or serology) in patients with
Barrett’s esophagus, reflux esophagitis, and control subjects, presented as percentage (number of cases).

Barrett’s esophagus %

Reflux esophagitis % Controls %

Loffeld etal. 2000 [53] 39(14/36)
Laheij etal. 2002 [52] 39(9/23)
Ackermark etal. 2003 [51] 41(21/51)
Abe etal. 2004 [50] 9(3/32)

35(41/118) 55 (248/454)
46 (57/125) 57 (300/528)
No data 63 (39/62)
30 (24/80) 71(57/80)

Barrett's esophagus %

Table 8.2 Prevalence of positive CagA

Controls % status (serum immunoglobulin G [IgG]

Vaezi etal. 2000 [55] 7 (2/28)
Loffeld etal. 2000* [53] 15(2/13)
Ackermark etal. 20031 [51] 10(10/51)
Kudo etal. 2005* [54] 35(8/23)

antibodies assessed by enzyme im-

44(11/25) muno assay or immunoblot) among
59(130/222)  patients with Barrett’s esophagus and
36 (22/62) control subjects presented as percent-
79(19/24) age (number of cases).

* CagA status determined only in patients with positive Helicobacter pylori

whole cell IgG antibodies.
t CagA status determined in all patients.

results are presented in Table 8.1 [50-53]. In these
studies, the H. pylori prevalence was lower than in
controls, but all studies included a rather small num-
ber of Barrett’s patients. Another drawback is that
the control groups comprised referred patients (not
population-based studies).

Studies that have addressed the prevalence of an-
tibodies against the CagA cytotoxin are shown in
Table 8.2 [51,53-55]. The importance of CagA anti-
bodies for epidemiological studies is twofold. First, H.
pyloribacteria with the CagA virulence factor exert a
more pronounced effect on the severity of gastritis
and subsequent diseases like gastroduodenal ulcer or
gastric cancer. Therefore, their impact on acid secre-
tion is stronger. Also, corpus-predominant gastritis
induced by CagA-positive strains leads to stronger
acid suppression than does corpus gastritis by CagA-
negative strains [56]. Moreover, the immune re-
sponse against the CagA protein is stronger and
longer lasting than the immune response against
otherbacterial antigens [57]. Thisis of interest in epi-
demiological studies as CagA determination permits
to identify patients, who were infected with H. pylori
in the remote past, but have cleared their infection.

Probably due to hypochlohydria, these patients have
a high risk of gastric cancer [58,59] (Table 8.3). In
case-control studies positive H. pylori tests from
serum samples, that were obtained more than 10
years before the manifestation of gastric cancer, indi-
cated a higher risk (odds ratio) of gastric cancer than
in patients in whom serum samples were taken more
recently. Therefore, some investigators have evalu-
ated for the CagA status in patients with negative
serology status, i.e. negative results of serum im-
munoglobulin G (IgG) enzyme linked immunosor-
bent assay (ELISA) detecting antibodies against
whole cell H. pylori bacteria. However, the propor-
tion of patients with negative H. pylori serology but
positive CagA serology is rather small (<5% of the
study population) (see Tables 8.2 & 8.4). Patients
with Barrett’s esophagus have a considerable lower
prevalence of CagA antibodies than controls, but
numbers are small.

Esophageal Adenocarcinoma

More important than the data on Barrett’s esopha-
gus are those on esophageal adenocarcinoma [60].
Among 550 patients with Barrett’s esophagus, those
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Table 8.3 Meta-analysis of 12 nested case-control studies on the risk of gastric adenocarcinoma dependent on Helicobacter
pyloriserology (H. pylori whole-cell immunoglobulin G [IgG] antibodies by enzyme immono assay). Odds ratios were strati-
fied according to the subsite of adenocarcinoma and the time interval between serum sampling and tumor manifestation.

Subsite of

Author adenocarcinoma

Odds ratio of positive I9G H. pylori status
(number of cases)

Serum obtained
>10years ago

Serum obtained
<10years ago

Gastric cardia
Gastric non-cardia

Heliocobacter and
Cancer Collaborative
Group, 2001 [58]

1.2(n=226)
2.4(n=539)

0.5(n=48)
5.9(n=223)

Table 8.4 Cross-sectional case-control studies on the prevalence of Helicobacter pylori infection in patients with adenocarci-
noma of the esophagus and/or the gastric cardia. H. pylori infection status was assessed by serum enzyme immuno assay on
immunoglobulin G (IgG) antibodies against whole cell H. pylori antigens. In addition, CagA status was determined by
serum IgG antibodies against CagA (enzyme immuno assay or immunoblot). Results are presented as odds ratios of a re-
spective positive status. All odds ratios were adjusted for age, sex, race, and further socioeconomic and cancer risk variables

including smoking.

Odds ratio

Site of Positive H. Pylori Positive CagA
Author Country adenocarcinoma n status status
Chow etal. 1998 [61] USA Esophagus/gastric cardia 129 0.7 0.4t

Distal stomach (non-cardia) 67 1.3 1.41
Limburg etal. 2001 [62] China Gastric cardia 929 1.6 1.8*

Distal stomach (non-cardia) 82 1.7 1.8*
Wu etal. 2003 [63] USA Esophagus/gastric cardia 167 1.3 0.9*

Distal stomach (non-cardia) 127 1.9 2.2*
Ye etal. 2004 [64] Sweden Esophagus 97 0.3 0.5*

Gastric cardia 133 0.8 1.0*

* CagA status determined in all patients.

t CagA status determined only in patients with positive H. pylori whole cell IgG antibodies.

with high-grade dysplasia (intraepithelial neoplasia)
or carcinoma had a lower prevalence of H. pylori than
those without dysplasia. During follow-up, patients
with H. pylori had less progression towards dysplasia
or cancer. Particularly intriguing are the results of
four large-scale case-control studies, presented in

Table 8.4 [61-64]. Controls were population-based
and the number of cases exceeded 100. In addition to
esophageal adenocarcinoma, cases of gastric cardia
carcinoma were also analysed, since these tumors
often involve the esophagogastricjunction and may,
originate from Barrett’s metaplasia. Furthermore, it
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is also conceivable that the gastric cardia is involved
in reflux induced carcinogenesis.

The first study by Chow et al., in a US population,
demonstrated that the H. pylori prevalence was lower
in patients with esophageal or gastric cardia adeno-
carcinoma than in controls [61]. In particular, anti-
bodies against CagA were inversely associated with
these tumor entities. In contrast, in a Chinese popu-
lation, patients with cardia carcinoma were more
likely to be H. pylori infected and having CagA anti-
bodies than controls [62]. The explanation for the
discrepancy between the US and Chinese studies is
that Barrett’s carcinoma is virtually non-existent in
the Chinese population, while gastric carcinoma
is more common than in Western countries.
Therefore, the cardia cancers could represent true
gastric cancers in China, whereas in regions with
a higher incidence of Barrett’s carcinoma (like

Western countries), cancers ascribed to the
cardia are more likely to originate from Barrett’s
metaplasia.

The large study by Wu et al., again a US-population
based study, contradicted the inverse association be-
tween H. pylori infection and adenocarcinoma of the
gastric cardia or esophagus and instead revealed a
slight positive association [63]. Interestingly, also
in this study, H. pylori infected patients with junc-
tional carcinoma (esophagus and gastric cardia com-
bined) less frequently had antibodies against CagA
than controls.

The most recent study from Sweden corroborated
the inverse association between H. pylori and CagA
status on one hand and esophageal adenocarcinoma
on the other [64]. There was no correlation with gas-
tric cardia carcinoma. In this study, pepsinogen I was
assessed in the serum since a low serum pepsinogen
is an indicator of gastric corpus atrophy. The hypoth-
esis that the reduced risk of esophageal carcinoma in
H. pylori-positive patients could be due to gastric at-
rophy could not however be confirmed. A possible
explanation is that corpus-predominant H. pylori
gastritis may inhibit gastric acid output even in the
absence of atrophy.

Furthermore, a meta-analysis of nested case-con-
trol studies on gastric cancer demonstrates a reduced
risk of gastric cardia cancer in cases with positive H.
pylori serum tests, but only if serum samples were

obtained more than 10 years ago [58] (see Table 8.3).
A possible explanation is that those patients
who have lost their H. pylori infection as a
consequence of hypochlorhydria may have a lower
risk of cancer.

Clinical Intervention

The most robust evidence for a causal relation would
come from clinical intervention trials. There are,
however, no data substantiating any change of the
incidence of Barrett’s carcinoma after H. pylori eradi-
cation. As the influence of eradication may evolve
several years after the intervention, long-term data
can be expected in the future. Theretore, surrogate
markers for the risk of Barrett’s carcinoma, like the
development of GERD or Barrett’s mucosa, need
special consideration. Data on the alteration of
GERD after H. pylori eradication are conflicting.
GERD may be induced or exacerbated after eradica-
tion, but may also decline or disappear [65,66]. With
respect to post-therapeutic time intervals evaluated
at present (up to 5 years), there is no clear trend for
the preponderance of a positive or negative effect
[67]. However, the majority of data allow, the con-
clusion that H. pylori eradication is not a threat for de-
veloping GERD and its complications.

Conclusions

There is epidemiological data indicating that a subset
of H. pylori-infected patients may experience a re-
duced risk of Barrett’s carcinoma. However, there is
substantial controversy about this. Pathophysiologi-
cal considerations suggest that gastric acid hypose-
cretion is caused by gastric corpus gastritis and
may reduce the risk of Barrett’s esophagus and
esophageal adenocarcinoma. Acid hyposecretion
and corpus-predominant gastritis, however, are
important risk factors for distal gastric (non-cardia)
carcinoma, a condition that is still ten times more
frequent than Barrett’s carcinoma in most popula-
tions. Therefore, in clinical terms, it is not justified to
assign H. pyloriinfection to a “protective role” against
the development of esophageal adenocarcinoma
[68].
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Barrett’s Esophagus and Esophageal Adenocarcinoma, Second Edition

CHAPTER 9

Molecular Biology ol

Barrett’s Esophagus

Linda A. Feagins and Rhonda F. Souza

Introduction

The current strategy to reduce the risk of cancer in
patients with Barrett’s esophagus relies on periodic
endoscopic surveillance. However, recent studies
suggest this strategy is ineffective because the major-
ity of patients diagnosed with esophageal adenocar-
cinoma are unaware that they have Barrett’s
esophagus and therefore are not being screened [1].
Another problem with our current strategy is that it
is targeted at the detection of dysplasia in the Bar-
rett’s mucosa, an imperfect predictor of cancer risk
for a variety of reasons [2]. Since dysplasia is essen-
tially the histologic manifestation of genomic dam-
age that precedes malignancy, an earlier indicator of
cancer risk would be detection of the geneticdamage
itself. With the recent advancesin molecular biology,
efforts to characterize the specific molecular events
that occur during the evolution of esophageal ade-
nocarcinoma have intensified. The identification of
molecular biomarkers may offer easy reproducibility
and standardization in addition to the truly early de-
tection of neoplastic progression. These molecular
biomarkers may also serve as targets at which
to direct therapeutic agents. Therefore, it has
become increasingly important to understand the
pathogenesis of Barrett’s esophagus and esophageal
adenocarcinoma at the molecular level in order to
improve the diagnosis and therapy of this deadly
disease.

Genetic Instability

The spontaneous mutation rate of DNA is so low that
during an individual’s lifespan cells do not have a
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chance to acquire the full array of mutations essen-
tial for cancer formation [3]. Therefore, preneoplas-
tic cells must have unstable genomes in order for
tumor progression to proceed. Genomic instability
can manifest as mutations in particular DNA
sequences, or by abnormalities in chromosomal
content. Aneuploidy refers to an alteration in
chromosomal content other than the normal diploid
(2N) or tetraploid (4n) (where n equals chromoso-
mal number). Aneuploidy reflects widespread DNA
damage rather than any single mutation and has
been associated with an increased risk of neoplastic
progression.

Aneuploidy can be detected by flow cytometry. In
combination with histology, aneuploidy has been
used to predict neoplastic progression of Barrett’s
esophagus in a large prospective study [4]. In addi-
tion to aneuploidy, the number of tetraploid (4N) cell
populations was examined as an indicator of neo-
plastic progression. Tetraploid cell populations can
be normal, butif tissues contain more than 6 % of the
total cell population as tetraploid cells there is an in-
creased risk to progress to aneuploidy [4]. Patients
with aneuploidy in their biopsies of Barrett’s mucosa
had a 5-year incidence of cancer progression of 64 %;
in patients with elevated (> 6%) 4N fractions, the 5-
year cancer incidence was 57 %; and in patients with
both aneuploidy and elevated 4N, the 5-year cancer
incidence was 75 % [4].In contrast, the rate of cancer
incidence in patients whose biopsies did not demon-
strate aneuploidy or tetraploidy was only 5.2% and
all of these patients had high-grade dysplasia histo-
logically. The use of aneuploidy or tetraploidy as an
adjunct to histologic assessment was most helpful in
predicting cancer progression in patient biopsies



demonstrating no dysplasia, indefinite, or low-grade
dysplasia. The presence of either aneuploidy or
tetraploidy in biopsies from these patients heralded a
5-year cancer incidence of 39% compared to 0%
in patients with neither of these flow cytometric
abnormalities [4]. Determining aneuploidy and
tetraploidy in Barrett’s patients without high-grade
dysplasia may be useful to select a subset of patients
who may require more frequent endoscopic surveil-
lance. As yet, this strategy has not been tested in
large, prospective clinical trials to determine if more
frequent endoscopic surveillance will increase the
rate of detection of high-grade dysplasia leading
to therapeutic interventions that ultimately will
decrease mortality from cancer in patients with
Barrett’s esophagus.

Cell Cycle

Many of the genes targeted for damage regulate the
cell cycle clock apparatus, the central mechanism
that controls whether a cell will proliferate, differen-
tiate, or die. The cell cycle is divided into four phases:
(i) G1 (first gap); (ii) S (DNA synthesis); (iii) G2 (sec-
ond gap); and (iv) M (mitosis). Near the end of G1,
there is a key regulatory point termed the restriction
or R point where the cell decides if it will enter S
phase and complete the cycle, or exit the cell cycle
into the quiescent GO phase. The retinoblastoma
(Rb) protein appears to be the molecular switch in
control of the R point. In non-dividing cells, Rb
is hypo-phosphorylated and blocks progression
through the cell cycle. Following phosphorylation,
Rb becomes inactive, thereby allowing the cell to
pass through the R-point into the remainder of the
cell cycle.

Multiple studies suggest that Barrett’s esophagus
has an increased rate of proliferation and hence an
increased proportion of cells entering into the cell
cycle. Multiple techniques to measure cellular prolif-
eration have been used to evaluate biopsy samples of
Barrett’s esophagus [5,6]. Using these various tech-
niques, the specialized intestinal metaplasia of
Barrett’'s esophagus demonstrated increased
proliferation compared to gastric fundic and junc-
tional-type epithelia. Moroever, using these same
techniques, episodic acid exposure has been shown

Molecular Biology of Barrett’s Esophagus 83

to increase proliferation in Barrett’s esophagus in
vivo, in ex vivo cultures, and in vitro in adenocarcino-
ma cells [7-10].

Clinical Implications

One potential strategy to decrease the cancer risk in
patients with Barrett’s esophagus may be to prevent
exposure of the esophageal mucosa to acidic gastric
refluxate by the administration of potent antisecre-
tory agents. This approach has been supported by
clinical studies showing decreased proliferation, in-
creased differentiation, and fewer pro-proliferative
cell cycle abnormalities after normalization of in-
traesophageal pH using proton pump inhibitors
(PPIs) compared to patients with continued abnor-
mal esophageal acid exposure [11-12]. A recent
study also showed a significant reduction in the risk
of developing dysplasia in Barrett’s mucosa in pa-
tients treated symptomatically with PPIs versus
those not treated or treated only with H2-blockers
[13]. However, some controversy still remains over
this treatment as it is well known that PPI therapy
leads to elevations in serum gastrin levels which, ac-
cording to one study, may be linked to increased pro-
liferation in Barrett’s biopsies in vitro [14]. In light of
these findings, well-designed, controlled prospec-
tive clinical trials are needed before aggressive acid
suppression (i.e. more than that required to elimi-
nate symptoms and heal esophagitis) can be recom-
mended for widespread clinical application.

Oncogenes

Proto-oncogenes are normal cellular genes that pro-
mote cell growth. When these proto-oncogenes be-
come mutated in such a way that they become
overactive, they are called oncogenes. Several exam-
ples of oncogenes implicated in Barrett’s esophagus
are cyclins D1, E, and B1. Cyclins D1 and E along
with cyclin-dependent kinases (cdks) regulate the
phosphorylation of Rb whereas cyclin B1 acts to con-
trol the G2 to M transition. Phosphorylation of Rb
occurs by interactions of cyclins with cdks. Increased
nuclear expression of cyclin D1 protein has been
detected in biopsy specimens of non-dysplastic
Barrett’s metaplasia compared to normal squamous
controls [15]. In contrast, overexpression of cyclin E
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has been found in both low-grade and high-grade
dysplastic areas of Barrett’s esophagus as well as in
adenocarcinomas, but not in non-dysplastic Bar-
rett’s samples [16]. Expression of cyclin B1 has been
detected in non-dysplastic and dysplastic samples of
Barrett’s esophagus and in adenocarcinomas [17].
Unfortunately, the expression of cyclin B1 in control
tissues such as normal esophageal or intestinal-type
tissue was not examined, making the role of cyclin
B1 expression in the neoplastic progression of Bar-
rett’s esophagus questionable [17].

Clinical Implications

Given the integral relationship between cyclins and
cdks in allowing cell cycle progression to proceed,
cdks would appear to be logical targets at which to di-
rect therapies to inhibit cell proliferation. Flavopiri-
dol, a synthetic flavone, is a potent inhibitor of cdk-2
and cdk-4, which are the enzymes primarily respon-
sible for Rb phosphorylation. In a phase I clinical
trial, patients with esophageal adenocarcinoma
treated with flavopiridol in combination with pacli-
taxel demonstrated either a complete or partial re-
sponse to this combined therapy [18]. Given these
encouraging results, phase II studies using the com-
bination of flavopiridol and paclitaxel are currently
in progress.

Growth Factors, Growth Factor
Receptors, and Signal
Transduction Pathways

Epidermal growth factor (EGF) and transforming
growth factor-o. (TGF-a), have been found to be in-
creased in metaplastic Barrett’s esophagus and have
been implicated in neoplastic progression [19,20].
The growth factor receptor, EGF receptor (also called
ErbB-1), has been detected at increased levels in in-
testinal metaplasia and in esophageal adenocarcino-
mas and is thought to play a role in neoplastic
progression of Barrett’s esophagus [19,20]. Howev-
er, the role of an oncogenic form of the normal EGF
receptor family member erbB-2 (also called HER2 or
Neu) in the development of Barrett’s-associated ade-
nocarcinomas is not clear [21,22]. The binding of
growth factors to receptors that are members of the
tyrosine kinase family often activates Ras/Raf pro-

teins which in turn activate the mitogen activated
protein kinase (MAPK) signal transduction cascade
to promote cell proliferation [23,24]. In a number of
extra-esophageal tumors, ras proteins (including H-
ras and K-ras,) and recently the B-raf protein have
been identified as important human oncogenes
[25,26]. However, available data do not support an
important role for oncogenicras or B-raf in Barrett’s-
associated cancers [26,27]. Activation of the MAPK
pathways by acid exposure has been associated with
anincreased rate of cell proliferation and a decreased
rate of apoptosis in a human Barrett’s-associated
adenocarcinoma cell line [10].

Clinical Implications

Blocking growth factors, growth factor receptors,
or their signaling cascades are potential directions
for future treatments in Barrett’s esophagus and
esophageal adenocarcinoma. For example, a poten-
tial therapeutic strategy in Barrett’s esophagus may
be to inhibit activation of the EGF receptor, an ap-
proach which is already under investigation in other
cancers [28]. Alternatively, inhibitors of the MAPK
pathway may prove to be successful therapies as they
are already showing promise and appear safe in early
clinical trials in Crohn’s disease [29].

Tumor Suppressor Genes

Tumor suppressor genes (TSGs) are normal genes
that restrain the cells ability to proliferate by pre-
venting phosphorylation of Rb. Therefore, it is ad-
vantageous to cancer cells to inactivate TSGs, which
can be done by at least three mechanisms, including
mutation, deletion of the chromosomal region
containing the gene (called loss of heterozygosity
[LOH]), or by attachment of methyl groups to
the promoter region of genes (called promoter
methylation).

Since the Rb protein is the central regulator of cell
cycle progression, it would be a logical target for in-
activation. Although mutation of the Rb geneitselfin
Barrett’s esophagus or in esophageal adenocarcino-
mas hasnot yet been demonstrated, multiple studies
haveidentified alterations in genes that eliminate Rb
function such as p53 and p16 [30,31]. Inactivation of
p53by LOH of 17p, the p53locus, and mutation of the



remaining allele have been found in approximately
50-90% of esophageal adenocarcinomas [32,33].
LOH of 17p also has been detected in metaplastic
Barrett’s esophagus, suggesting that inactivation of
p53is an early step in carcinogenesis [34]. Barrett’s-
associated adenocarcinomas frequently demon-
strate allelic loss of 9p21, the chromosomal locus for
p16 [35]. In addition, LOH of 9p21 has been found in
90% of metaplastic Barrett’s epithelium demon-
strating aneuploidy [36]. Methylation of the p16 pro-
moter, an alternative mechanism for silencing a TSG,
has been found in 45 % of esophageal adenocarcino-
mas and in non-dysplastic, specialized intestinal
metaplasia suggesting that pI6 methylation is the
earliest event in the neoplastic progression of Bar-
rett’s esophagus [36,37]. p27, an inhibitor of cdk-2
and cyclin E, has also been implicated as a TSG in
Barrett’s-associated adenocarcinomas. Loss of p27
protein expression has been demonstrated in 83 % of
esophageal adenocarcinomas, but as yet no muta-
tions have been identified. Furthermore, loss of ex-
pression of this protein correlated with an increase in
aggressive behavior of the tumor and poor patient
outcome [38,39].

Other TSGs such as the adenomatous polyposis
coli (APC) gene block cell proliferation by inhibiting
proteins that are involved in proliferative signaling.
Inactivation of APC has been implicated in the
neoplastic progression of Barrett’s esophagus.
Esophageal adenocarcinomas commonly demon-
strate LOH of 521, the APClocus, but only rare mu-
tation in APC [40]. APC promoter methylation is
more common, with 83-92% of Barrett’s high-grade
dysplasia and esophageal adenocarcinomas and
40-50% of Barrett’s metaplasias without dysplasia
demonstrating APC inactivation by this mechanism
[41].

Clinical Implications

In the future, risk stratification for neoplastic pro-
gression in patients with Barrett’s esophagus may in-
clude assaying for alterations in TSGs. For example,
in a large prospective study, LOH of 17p was found to
be a significant predictor of cancer progression at 5
years [42]. Additionally, antibodies to p53 have been
detected in the serum of Barrett’s patients who later
progressed to dysplasia and cancer [43]. Finally,
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methylated APC DNA has been found in the plasma
in 25% of patients with esophageal adenocarcino-
ma, and has been associated with a significantly
shortened patient survival [44]. Although results
such as these are promising, large-scale prospective
studies are needed to validate the utility of these
markers to predict neoplastic progression before
their widespread clinical use.

Apoptosis

Apoptosis is an innate, cellular self-destruct mecha-
nism encoded in all normal cells. In normal cells,
apoptosis is beneficial in that it prevents a cell with
damaged, mutated DNA from undergoing replica-
tion. However, apoptosis is detrimental to cancer
cells, and cells must find ways to overcome this sui-
cide program. The apoptotic machinery comprises of
several death-commitment signaling pathways that
can be activated by DNA damage, metabolic abnor-
malities, and death receptoractivation. Once activat-
ed, the death-commitment pathways converge on a
common executioner pathway which ultimately
leads to cell destruction [45].

Barrett’s-associated adenocarcinomas have found
ways in which to overcome triggering apoptosis. As
already discussed, inactivation of p53 is one way in
which Barrett’s cancer cells avoid inducing apoptosis
initiated by DNA damage or mutation. The expres-
sion of 13-S-hydroxyoctadecadienoic acid (13-S-
HODE), a fatty acid that is formed from linoleic acid
through the action of 15-lipoxygenase-1 (15-LOX-
1), normally activates the apoptotic machinery.
Decreased expression of 15-LOX-1 has been found
in 75% of esophageal adenocarcinomas [46].

Interfering with the activation of the Fas death re-
ceptor by its death promoting ligand, Fas-ligand
(FasL) is another way which Barrett’s cells avoid
apoptosis [47]. Normally, the Fas receptor is found
on the surface of both lymphocytes and gut epithelial
cells, whereas FasL is expressed only by activated
lymphocytes. When FasL binds to the Fas receptor,
apoptosisisinduced in the cell expressing the Fas re-
ceptor. By expressing FasL, tumor cells would be ca-
pable of binding the Fas receptor on the surface
of attacking lymphocytes, thereby destroying the
tumor Kkilling immune cells. FasL expression has
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been found in one study of 13 esophageal adenocar-
cinomas [48].

Finally, another mechanism whereby Barrett’s
cancer cells might avoid apoptosis is by increasing
the synthesis of an agent that normally blocks the
death-commitment signaling pathways. For exam-
ple, overexpression of cyclooxygenase-2 (COX-2)
reduces the rate of apoptosis in vitro [49], and COX-2
overexpression has been detected both in
esophageal adenocarcinomas and in the metaplastic
epithelium of Barrett’s esophagus [49,50].

Clinical Implications

Understanding the mechanisms whereby Barrett’s
cancer cells avoid apoptosis has guided investiga-
tions into potential therapeutic interventions. Anti-
bodies to Fas and the Fas ligand itself have been
tested in animal models, however these therapies
have been met with limited success so far [51,52].
Selective inhibition of COX-2 has also gained a lot of
attention as a chemopreventive strategy in Barrett’s
esophagus. Although data appears to support a pos-
sible role for COX-2 inhibitors in altering the rate of
neoplastic progression in Barrett’s esophagus, the
exact mechanism underlying the potential benefits
of these non-steroidal anti-inflammatory drugs
(NSAIDs) remains controversial [53].

Telomeres and Telomerase

In contrast to normal cells, cancer cells have unlimit-
edreplicative potential and have achieved immortal-
ization. Immortalization requires that tumor cells
overcome autonomous, intrinsic mechanisms,
which involve shortening of telomeres that limit the
proliferative capacity of normal cells. Telomeres are
long stretches of simple, non-coding DNA repeats lo-
cated on the ends of chromosomes. With each suc-
cessive round of cell replication, telomeric DNA is
lost. Eventually, short telomeres trigger an exit from
the cell cycle at G1 and entry into senescence, char-
acterized by permanent growth arrest. Therefore, in
order for cells to become immortal, they must pre-
vent telomere shortening. Telomerase is the enzyme
responsible for the synthesis of new telomeres [54].
Telomerase is a protein-RNA complex composed of
hTERT (human telomerase reverse transcriptase

protein) and hTR (human telomerase RNA) that
uses its RNA as a template for the addition of telom-
eric sequences to the ends of chromosomes. Most
normal esophageal cells and tissues lack telomerase.
Barrett’s esophagus expresses low levels of telom-
erase which appears to increase as the metaplastic
cells progress to high-grade dysplasia; esophageal
adenocarcinomas demonstrate high levels of telom-
erase expression [55,56].

Clinical Implications

Anticancer therapies that target telomerase expres-
sion are appealing for several reasons. First, by
targeting telomerase, such anticancer therapies
become more selective for cancer cells over normal
cells since cancer cells primarily express telomerase.
Also, antitelomerase therapies in Barrett’s esopha-
gus have the potential to limit progression of early
cancers since the expression level of telomerase pro-
gressively increases from metaplasia to high-grade
dysplasia. Preclinical data suggest such therapies
may be promising for Barrett’s cancers [57]. Current
phase T and II clinical trials evaluating inhibitors
of telomerase do not yet involve patients with
esophageal adenocarcinoma.

Vascular Endothelial Growth Factors

Vascular endothelial growth factors (VEGFs) and
their receptors, the VEGF receptors (VEGFRs), are
potent inducers of endothelial cell proliferation and
migration. The VEGF family consists of VEGF-A, B,
C, D, E and the placenta growth factor (PIGF), with
VEGEF-A being the most potent and well studied.
There are three known VEGFRs (VEGFR-1-3) and
all are tyrosine kinase receptors [58].

The expression of VEGF-A and its corresponding
receptor, the VEGFR-2, has been found in the ep-
ithelial cells and in the blood vessels of metaplastic
Barrett’s esophagus, but not in normal squamous
esophagus [59]. VEGF-C expression has been found
in metaplastic Barrett’s epithelium whereas neoplas-
tic Barrett’s tissues demonstrate expression of
VEGFR-3 [60]. Compared to dysplastic and meta-
plastic Barrett’s esophagus and normal esophageal
mucosa, esophageal adenocarcinomas express sig-
nificantly increased levels of VEGF mRNA and pro-



tein [61]. There is speculation that the infiltrating
vascular network is responsible for the salmon color
characteristic of the specialized, intestinal metapla-
sia of Barrett’s esophagus [59].

Clinical Implications

The use of anti-VEGF agents is currently under study
as a first-line combination chemotherapy agent in
colon cancer [62]. However, no current trials have
investigated VEGF inhibitors in Barrett’s esophagus
or esophageal adenocarcinoma. Recombinant
human VEGF has been shown to enhance angiogen-
esis and ulcer healing in an animal model of reflux
induced esophageal ulceration [63]. The ability of re-
combinant human VEGF to promote healing of re-
flux damaged squamous mucosa suggests such
therapy may play a role in the preventing the devel-
opment of Barrett’s esophagus in patients with ero-
sive esophagitis.

Cadherins and Catenins

Cadherins and catenins are involved in maintaining
cell-cell interaction. Cadherins, a large family of cell
adhesion molecules, bind to cytoplasmic proteins
called catenins that are linked to the cell’s actin cy-
toskeleton [64]. Processes that prevent the interac-
tion of cadherins and catenins can impair cell
adhesion and predispose to invasion and metastasis.
E-cadherin and B-catenin are found primarily in the
cellmembrane in normal esophageal squamous mu-
cosa and the non-dysplastic, specialized intestinal
metaplasia of Barrett’s esophagus [65,66]. In dys-
plastic Barrett’s esophagus, membrane associated E-
cadherin and B-catenin protein expression has been
found to decrease while cytoplasmic and nuclear
staining for these proteins has been found to increase
[67]. Furthermore, membrane associated E-
cadherin and B-catenin expression appears to fall as
the degree of dysplasia increases [68].

Clinical Implications

A number of synthetic and naturally occurring
agents have been evaluated for their ability to inter-
fere with -catenin. In vitro data suggest that enhanc-
ing membrane associated and decreasing nuclear
associated B-catenin protein expression could be
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a promising strategy for early chemopreventive
intervention as well as delaying tumor progres-
sion [69]. Unfortunately, so far none of these
studies has been directed at Barrett’s associated
adenocarcinomas.

Matrix Metaloproteinases

Matrix metaloproteinases (MMPs) play an impor-
tant role in the process of invasion and metastasis
[70]. MMPs are a family of zinc-dependent prote-
olytic enzymes that destroy the extracellular matrix,
an early process during invasion and metastasis. The
MMPs are divided into five groups: (i) stromelysins;
(ii) collagenases; (iii) gelatinises; (iv) membrane
types; and (v) others. MMPs, mainly matrilysin
(MMP-7), have been detected in Barrett’s esopha-
gus, esophageal adenocarcinoma, and lymph node
metastases. The detection of MMP-7 expression cor-
related with aggressiveness of the tumor as deter-
mined by histologic criteria [71].

Clinical Implications

Recent understanding of the role of MMPs in tumor
invasion and metastasis has spurred efforts to gener-
ate clinically useful inhibitors for cancer treatment.
Thus far, the major types of MMP inhibitors (MMPIs)
investigated include pseudopeptides that mimic
MMP substrates, non-peptide molecules that bind
Zn which is needed for enzyme function, and AE-
941, an extract from shark cartilage with an un-
known MMPI function [70,72]. To date, MMPIs
have not been investigated in Barrett’s esophagus or
in esophageal adenocarcinoma. However, clinical
trials investigating the role of MMPIs in other tumor
types have been unsuccesstul, making MMPI thera-
py unlikely in the management of Barrett’s esopha-
gus [70].

Conclusion

The genetic abnormalities described have been iden-
tified during the neoplastic progression of Barrett’s
esophagus. However, it is almost certain that these
genetic alterations represent only a fraction of the
abnormalities acquired by a benign cell asit progress-
es to cancer. Nevertheless, understanding the basic
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Fig 9.1 Potential therapies targeting molecular alterations
in the neoplastic progression in Barrett’s esophagus. Not
all the genetic alterations identified in Barrett’s esophagus
are depicted. The alterations represented are the ones tar-
geted by potential therapies. The potential therapies are in
italics. * The use of recombinant VEGF to enhance angio-
genesis may promote healing of reflux-damaged squa-
mous epithelium and prevent the development of
Barrett’s esophagus. cdk, cyclin-dependent kinase; COX-2,

mechanisms underlying carcinogenesis in Barrett’s
esophagus has lead to the identification of potential-
ly usetul clinical biomarkers and therapeutic targets.
Although the routine clinical use of these biomark-
ersand targeted molecular therapies (Fig. 9.1 [73]) is
not yetrecommended, itis reasonable to assume that
diagnostic and therapeutic strategies based on mole-
cular composition will lead to clinical advances and
improved outcomes for patients with adenocarcino-
ma in Barrett’s esophagus.
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Introduction

Although there have been several definitions of
Barrett’s esophagus since its original description al-
most 100 years ago [1], all have shared two features
in common—an alteration of the esophageal mucosa
visible without a microscope and a corresponding
histologic abnormality. The endoscopic landmarks
used to identify the esophagogastric junction (EGJ)
arereviewed in greater detail elsewhere in this book,
but given that the definition of Barrett’s esophagus
depends upon this anatomic landmark, a brief re-
view of the macroscopicand microscopic anatomy of
thisregion is in order.

Normal Anatomy and Histology

In the region where the esophagus joins the stom-
ach, two anatomic landmarks are visible at the time
of endoscopy—the muscular EGJ and the mucosal
EGJ also known as the squamocolumnar junction
(SCJ), Z line or ora serrata. The muscular EGJ is
the point at which the distal most portion of the
tubular esophagus meets the saccular stomach [2].
Although the EGJ may be approximated by the
most proximal extent of the gastric folds, precise
anatomic localization remains difficult in many
cases, particularly in the setting of a hiatal hernia [3].
The mucosal EGJ is also identifiable at endoscopy by
differences in color and texture of the mucosal lin-
ing. Normally, the mucosal and muscular EGJ coin-
cide, but in many adult patients, the SCJ lies 1-2 cm
proximal to the muscular EGJ, presumably seconady
to reflux of gastric contents into the distal most
esophagus.
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Traditionally, the narrow segment of mucus-
secreting columnar mucosa distal to the squamous
esophageal mucosa but proximal to acid-secreting
oxyntic gastric mucosa has been termed the gastric
cardia. In recent years, the existence of the gastric
cardia as a native structure has been called into ques-
tion by some authors who believe that cardiac-type
mucosa is always metaplastic, likely in response to
gastroesophageal reflux [4,5]. While metaplastic
cardiac-type mucosa undoubtedly is frequently
identified in the distal esophagus, evidence from a
detailed studies of the anatomy and histology of the
EGJ, including pediatric autopsy series, supports the
notion that the gastric cardia is a native structure
[6-8]. Thus, there is sufficient evidence to support
the presence of a small zone of native cardiacmucosa
in the most proximal stomach, and in many individ-
uals, metaplastic cardiac-type mucosa of variable
length in the distal esophagus.

Histology of Barrett’s Esophagus

Although the existence of a columnar-lined organ
within the thorax had been documented for nearly
50 years prior to Dr. Norman Barrett’s influential
paper in 1957 [9], his description affirmed that this
structure was indeed the esophagus and not the
stomach [3]. Until 1976, histologic descriptions of
what had by then become known as Barrett’s esoph-
agus included several epithelial types, including
mucus-secreting cardiac-type glands, acid-secreting
fundic-type glands, and intestinal-type epithelium
with goblet cells. In 1976, Paull more fully described
the metaplastic columnar epithelium lining the
esophagus, separating them into three different



Histology of Barrett’s Esophagus: Metaplasia and Dysplasia 93

subtypes: (i) fundic-type; (ii) cardiac-type (junc-
tional); and (iii) specialized columnar epithelium
[10]. Subsequently, several studies have found that
only patients with metaplastic columnar epithelium
containing goblet cells (i.e. specialized columnar ep-
ithelium or intestinal metaplasia) are at an increased
risk of developing esophageal adenocarcinoma
[11-13], and as such the identification of intestinal
metaplasia has become one part of the currently
accepted two-pronged definition of Barrett’s eso-
phagus published by the American College of
Gastroenterology and its Practice Parameters
Committee [14].

Architecturally, specialized columnar epithelium
most closely resembles slightly distorted gastric mu-
cosa with glands and foveolae, but it may take on a
more villiform appearance in some cases. In addition
to goblet cells, the specialized columnar epithelium
may also contain gastric foveolar-type cells (in-
complete intestinal metaplasia) or intestinal absorp-
tive-type cells (complete intestinal metaplasia), the
former being more common. Less frequently, other
specialized cell types may be present including
Paneth cells, neuroendocrine cells, and even pancre-
aticacinar metaplasia. The lamina propria surround-
ing the glands contains variable numbers of
inflammatory cells and fibroblasts.

Fig. 10.1 Periodic acid—Schiff
(PAS)/Alcian blue at pH 2.5 demon-
strates incomplete intestinal metapla-
sia. Goblet cells containing acid mucin
stain intensely blue with Alcian blue
(right), while the adjacent columnar
cells containing neutral mucin stain
with PAS (left).

Goblet cells are best identified by virtue of their
shape and the chemical makeup of their cytoplasmic
mucin contents. Abundant cytoplasmic mucin dis-
tends the cell, imparting its characteristic “goblet”
shape, which at times may also appear more barrel-
shaped. Goblet cell mucin is acidic and composed
predominantly of sialomucins admixed with lesser
quantities of sulfated mucins [15]. Histochemical
stains for acidicmucins, such as Alcian blueatpH 2.5,
show intense dark-blue staining for this combina-
tion of sialomucins and sulfated mucins which con-
trasts with the predominantly periodic acid-Schiff
(PAS)-positive neutral mucins found within the ad-
jacent gastric foveolar-type cells (Fig. 10.1: see also
Plate 10.1; color plate section falls between pp.
148-9). Because of theiracidicmucin content, goblet
cells may also have a basophilic cytoplasmic blush
which is recognizable in well-stained hematoxylin
and eosin (H&E) stained tissue sections.

On occasion, confusion may arise when interpret-
ing a special stain for acidic mucin as the columnar
cellsintervening between the goblet cells take on the
appearance of goblet cells and may show some
Alcian blue positivity (so-called “columnar blues”)
due to the presence of small quantities of acidic
mucin in their cytoplasm. Without the use of special
stains, metaplastic cardiac-type epithelium may also
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contain cells with a markedly distended cytoplasm,
thereby resembling goblet cells (so-called “pseudo-
goblet cells”). These cells, however, contain neutral
mucin that does not react with Alcian blue at pH 2.5.
In the absence of goblet cell metaplasia, the identifi-
cation of these cells does not meet the criteria for a
definitive diagnosis of Barrett’s esophagus.

If the endoscopic impression is clearly that of Bar-
rett’s esophagus, then the absence of intestinal meta-
plasia may simply be a function of sampling error.
Thus, although the pathologist may not be able to
make a definitive diagnosis of Barrett’s esophagus
in this situation, the endoscopic impression may
still strongly suggest this diagnosis. Fortunately, this
problem is relatively rare, as Weinstein et al. found
non-intestinal tongues of columnar epithelium ex-
tending greater than 2 cm into the lower esophagus
in less than 1% of 250 cases of Barrett’s esophagus
studied [16].

Intestinal Metaplasia of the EGJ

Although it is by far the most common method of
identifying intestinal metaplasia in biopsies taken
near the EGJ, examination of paired HSE and Alcian
blue stained tissue sections does not allow one to ac-
curately distinguish between intestinal metaplasia
of the gastric cardia (cardia intestinal metaplasia
[CIM]) and short segment Barrett’s esophagus.
Some of the data are conflicting, but it appears as
though CIM is more strongly associated with Heli-
cobacter pylori chronic gastritis than with gastroe-
sophageal reflux [17-19] and that CIM carries a
lower risk of neoplastic progression than either short
or long segment Barrett’s esophagus [20-22]. If
prospective studies corroborate these initial findings,
then given the inconsistent endoscopic landmarks in
this region and lack of precision regarding the loca-
tion of a biopsy with intestinal metaplasia taken near
the EGJ, it would be useful to have an ancillary
means of accurately distinguishing CIM from short
segment Barrett’s esophagus.

To date, most studies have used immunohisto-
chemistry to focus on different patterns of protein
expression in CIM and short segment Barrett’s
esophagus. Ormsby et al. compared the cytokeratin 7
and 20 expression patterns in resected long segments

of Barrett’s esophagus to gastric resections with in-
testinal metaplasia of the distal stomach and found
that each had a distinctive cytokeratin pattern [23].
Virtually all cases of long segment Barrett’s esopha-
gus were characterized by superficial and deep CK7
immunoreactivity in the intestinalized mucosa with
only superficial CK20 staining (“Barrett’s CK 7/20
pattern”). In contrast, distal gastric intestinal meta-
plasia was characterized by patchy, superficial and
deep CK20 staining in areas of incomplete intestinal
metaplasia, strong, superficial and deep CK20 stain-
ing in areas of complete intestinal metaplasia and
patchy or absent CK7 stainingin either type of gastric
intestinal metaplasia. As an extension of this study,
the same group was also able to demonstrate that
these patterns were also capable to distinguishing
CIM from short segment Barrett’s esophagus in biop-
sy specimens [24], a finding that was corroborated
by some authors [25,26] but not others [27-29].
The expression of CDX2, a caudal homeobox gene
expressed during development, is specific evidence
of intestinal differentiation [30] and several studies
have shown that CDX2 is expressed in Barrett’s
esophagus-related intestinal metaplasia [31-33]. To
date, no direct comparisons have been published
with regard to potential expression differences be-
tween CIM and short segment Barrett’s esophagus.
Several other markers have been evaluated in an
attempt to distinguish CIM from short segment
Barrett’s esophagus, including the monoclonal anti-
body Dasl, various mucin proteins (i.e. MUCI,
MUC2, MUC 5AC and MUC6), as well as mucin his-
tochemistry. These studies are hampered by differ-
ences in endoscopic biopsy protocols and study
populations that contribute to apparent discrepan-
cies in their results and lack of reproducibility. Thus,
the clinical utility of evaluating intestinal metaplasia
of the EGJ using these various biomarkers has not
yetbeen established and requires additional study.

Barrett’'s
Esophagus-Related Dysplasia

All patients with Barrett’s esophagus are at risk
of developing esophageal adenocarcinoma [34].
However, among Barrett’s esophagus patients, cer-
tain epidemiological and pathologic characteristics
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are associated with an even greater risk of malignan-
cy. Increased risk is associated with increased age,
male gender and being Caucasian [35,36]. Data from
retrospective mapping studies [11], as well as few
prospective studies [37,38], support the notion that
adenocarcinoma only arises in a background of in-
testinal metaplasia, and thus, the identification of
goblet cells has become part of the definition of
Barrett’s esophagus [14]. Although adenocarcinoma
does occur in short segments of Barrett’s esophagus
[39], there is evidence that patients with longer seg-
ments are at a higher risk [19,40]. Mapping studies
have also documented epithelial dysplasia in mucosa
adjacent to adenocarcinoma in resection specimens,
supporting a dysplasia-carcinoma sequence [35]. In
addition, there are also studies that have reported
patients progressing from dysplasia to adenocar-
cinoma in serial endoscopies with biopsies [13,37].
Epithelial dysplasia, particularly high-grade dys-
plasia, has come to be considered one of the most
important risk factors for both synchronous
and metachronous esophageal adenocarcinoma
[38,42,43] and its identification is an integral part
of cancer screening and surveillance programs for
Barrett’s esophagus patients.

Dysplasia can be defined as neoplastic change of
the epithelium that remains confined within the
basement membrane of the gland from which it
arises (i.e. intraepithelial neoplasia) [44]. Dysplastic
epithelium may form an endoscopically visible mass
(e.g.adenoma) or it may not be distinguishable from
adjacent non-dysplastic mucosa. Histologically,
there are two morphologic characteristics used to
identity dysplastic glandular epithelium in routine
stained sections, architecture, and cytology.

At low magnification, dysplastic epithelium
typically appears darker (hyperchromatic) than
non-dysplastic epithelium and this appearance is
principally due to changes within the individual cells
lining the dysplastic glands. Dysplastic cells charac-
teristically have less cytoplasmic mucin and the
mucin thatis presentis more basophilic than normal.
Nuclear enlargement, hyperchromasia and crowd-
ing that extend out from the crypts onto the mucosal
surface are characteristic of dysplastic epithelium.
Not all of these nuclear changes are required; in
some cases, the nuclei are not necessarily crowded,

but rather are large, hyperchromatic and have lost
their polarity with their long axes no longer being
perpendicular to the underlying basement mem-
brane. Although more complex glandular architec-
ture (glandular crowding, branching, and cribriform
glands) usually accompanies more severe cytologic
alterations, this is not always the case. Occasionally,
mild architectural alterations accompany severe
cytologic atypia and, as such, cytologic changes
are generally more important than architecture in
grading the severity of dysplasia. The most widely ac-
cepted grading scheme for Barrett’s-related dysplasia
mirrors the classification of dysplasia first applied
from idiopathicinflammatory bowel disease [44].

Low-Grade Dysplasia

The glandular architecture is at most mildly distorted
in low-grade dysplasia, as the crypts remain parallel
with one another with minimal crypt branching or
budding. Cytologically, the basal nuclei are enlarged,
hyperchromatic and crowded with overlapping nu-
clear membranes. The nuclear abnormalities extend
out from the crypts to involve the mucosal surface
(Fig. 10.2). Goblet cells are often decreased in num-
ber and so-called dystrophic goblet cells, where the
nucleusislocated at the apical aspect of the cell, may
also be present.

High-Grade Dysplasia

In high-grade dysplasia, both the cytologic atypia
and the architectural distortion are more pro-
nounced. The crypts are markedly distorted with
branching, “back-to-back” glands and cribriform in-
traglandular growth. The nuclear changes of low-
grade dysplasia persist, but in addition, the nuclei
become stratified and are no longer situated at the
basilar aspects of the cells. There may also be a loss of
nuclear polarity, where the long axis of the nucleus
no longer is perpendicular to the basement mem-
brane. These alterations extend onto the mucosal
surface (Fig. 10.3).

There are cases where the degree of glandular
architectural distortion becomes so severe that it
becomes exceedingly difficult to exclude the possi-
bility of intramucosal adenocarcinoma, especially in
biopsy specimens. These cases are often character-
ized by extensive back-to-back glandular growth
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with little, if any, intervening stroma between the
neoplastic glands, or by ill-defined abortive glands
within the lamina propria. Although not always pos-
sible in practice [45,46], this distinction is important
because there is a small but definite risk of lymph
node metastases in patients with intramucosal ade-
nocarcinoma of the esophagus given the presence of
lymphatic channels within the esophageal mucosa

Fig. 10.2 Barrett’s esophagus with
low-grade dysplasia. The dysplastic
cells contain enlarged hyperchromatic
nuclei with slightly irregular contours.
The nuclear changes extend out from
the base of the glands onto the mucosal
surface where there is also significant
overlapping and crowding. Note

the small round nuclei of the non-
dysplastic glands beneath the
dysplastic epithelium.

Fig. 10.3 Barrett’s esophagus with
high-grade dysplasia. This focus of
high-grade dysplasia is characterized by
severe cytologic atypia, including
markedly enlarged, irregular nuclei
with coarse chromatin and small
nucleoli. There is also an area of
cribriform growth (arrowhead).

[47,48]. In most cases, intramucosal adenocarcino-
ma can only be diagnosed with confidence when un-
equivocal single cell invasion into the lamina propria
isidentified.

Indefinite for Dysplasia
The diagnosis of indefinite for dysplasia should be re-
served for cases where: (i) the cytologic and glandu-
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lar architectural changes exceed the so-called “base-
line atypia” of metaplastic specialized columnar
epithelium, but fall short of low-grade dysplasia;
(ii) when co-existing inflammation or ulceration
is associated with striking cytologic nuclear
atypia precluding a definitive distinction between
regenerative atypia and dysplasia; or (iii) there is
marked glandular distortion in the absence of
surface nuclear changes which would be diagnostic
of dysplasia.

One the unique features of metaplastic Barrett’s
mucosa is that there is a certain degree of “baseline
atypia” present in the specialized columnar epithe-
lium that is neither dysplastic nor inflamed. This
atypia is most pronounced within the regenerative
glandular compartment at the base of the mucosa,
where the nuclei are typically slightly enlarged and
hyperchromatic. Importantly, these nuclear changes
donotinvolve the surface epithelial cells, as the cells
demonstrate normal surface maturation.

Active inflammation, and its attendant neu-
trophil-mediated epithelial cell injury, is capable of
producing profound cytologic alterations that over-
lap with those of Barrett’s esophagus-related dyspla-
sia. Distinguishing reactive cytologic atypia from
dysplasia is frequently very difficult, if not impossi-
ble. The appearance from low-magnification is criti-
cal in this evaluation, because truly dysplastic
epithelium usually appears darker than normal at
this power. Confirmation of these changes is re-
quired at higher magnification that reveals nuclear
enlargement, hyperchromasia, crowding, and ir-
regular nuclear contours. In addition, inspection at
higher power enables one to determine whether
these changes extend onto the mucosal surface.
Accurate assessment of the changes involving the
mucosal surface is more difficult when faced with
a tangentially sectioned biopsy specimen.

In contrast to dysplasia, reactive atypia has a more
uniform appearance among the cells in question,
whereas dysplastic nuclei are pleomorphic and thus
vary more considerably from one cell to the next.
While cell size does not discriminate between a reac-
tive cell and a dysplastic cell, the nuclear: cytoplas-
mic (N: C) ratioisincreased in the setting of dysplasia
when compared with reactive cells. The chromatin
distribution pattern is also helpful, as reactive nuclei

have a more open chromatin pattern with promi-
nent nucleoli, which contrast with the more con-
densed chromatin pattern seen in dysplastic nuclei.
In practice, one needs to weigh all of these features
together when deciding whether or not the changes
qualify as dysplasia.

Sampling Error and Observer Variation in
Barrett’s Esophagus-Related Dysplasia
Dysplasia may extend diffusely throughout a Bar-
rett’s esophagus segment, or the changes may be
focal and limited to a small area of one fragment in a
patient with multiple biopsy specimens. When dys-
plasiaisdiffuse, thereis a high likelihood that a rigor-
ous biopsy protocol will detect foci of dysplasia at a
high frequency; however, small foci may go unsam-
pled. The need for thorough biopsy sampling is
further emphasized by the fact that high-grade
dysplasia and even early adenocarcinoma may not
be associated with an endoscopically visible lesion
[38,49]. Given this potential for sampling error,
subsequent biopsies that are negative for dysplasia
following earlier biopsies with dysplasia should
not lull the gastroenterologist into a false sense of
security.

Another problem facing the pathologist and the
gastroenterologist, thoracic surgeon and ultimately
the patient is both the intra and interobserver varia-
tionin the diagnosis of dysplasia. Given the spectrum
of changes from baseline atypia to low-grade to high-
grade dysplasia, it is not surprising that this variation
exists. Reid ef al. found this variation to be most sig-
nificant at the low end of the spectrum—that is, in
distinguishing negative for dysplasia from low-grade
dysplasia or indefinite for dysplasia [50]. This study
described overall agreement in terms of a percent-
age, which does not take into account agreement
thatmay occur by chance alone. A more recent study
by Montgomery et al. using kappa statistical analysis
(which accounts for agreement occurring by chance
alone) confirmed a high degree of intra and interob-
server variation among these same diagnostic cate-
gories, even among pathologists with a special
interest in gastrointestinal pathology [51]. This vari-
ation underscores the need to obtain multiple opin-
ions in challenging cases.
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Surrogate Biomarkers for Assessing
Risk of Esophageal Adenocarcinoma

Given the limitations of light microscopy, several ad-
junctive techniques have been proposed as having a
possible role in the screening or surveillance of pa-
tients with Barrett’s esophagus. For virtually every
marker tested, there is an increased probability of
finding an abnormality as one progresses along the
dysplasia—carcinoma sequence. Certain markers are
detectable early in the sequence, whereas others
are found at later stages. The ideal marker
would be detectable early in the metaplasia—
dysplasia—carcinoma sequence, even before there is
morphologic evidence of dysplasia, and capable of
discriminating those patients who will progress
along this sequence from those who will not.

Numerous studies have evaluated p53 expression
by immunohistochemistry, most of which attempt
to correlate the degree of p53 expression with the
grade of dysplasia or solely as a marker of increased
risk of progressing to adenocarcinoma. p53 over-
expression hasbeen observed in 9-60% of cases with
low-grade dysplasia and 55-100% of cases with
high-grade dysplasia [52-55]. Although some have
advocated the use of p53 immunohistochemistry to
confirm a diagnosis of dysplasia and/or assist in grad-
ing of dysplasia, its use has not been widely accepted
[56,57]. There is some discrepancy between p53 ex-
pression as detected by immunohistochemistry and
molecular alterations detectable at the gene level
[58,59]. Also, the lack of a standardized immunohis-
tochemical technique likely accounts for some of the
discrepant data reported in the literature.

DNA content, as measured by flow cytometry, has
also been evaluated in patients with Barrett’s esoph-
agus, but the results are conflicting. In 1987, Reid et
al. found an increased prevalence of DNA aneu-
ploidy and elevated S-phase fraction with increasing
severity of the histologic grade of dysplasia [60]. In a
subsequent prospective study of 62 patients with
Barrett’s esophagus without dysplasia [61] and
mean follow-up of 34 months, nine of 13 patients
with aneuploid or increased G2/tetraploid popula-
tions in their initial biopsy specimens developed
high-grade dysplasia or esophageal adenocarcino-
ma. A more recent prospective study found that

patients with negative, indefinite, or low-grade
dysplasia histology and no evidence of aneuploidy
or increased 4N fractions by flow cytometry had a
cumulative 0% 5-year cancer risk, compared with a
28% risk for patients with either aneuploidy or
increased 4N fractions [62]. Patients with baseline
increased 4N, aneuploidy, and high-grade dysplasia
had 5-year cancer rates of 56%, 43%, and 59%,
respectively. In contrast to the results of Reid et al.,
Fennerty et al. found discordance between flow
cytometric abnormalities and dysplasia in Barrett’s
esophagus patients [63].

Although numerous others potential individual
biomarkers of neoplastic progression in Barrett’s
esophagus patients have also been evaluated with
variable results (e.g. Ki-67, bcl-2, cyclin D1, plé6,
EGFR, c-erbB-2), microarray-based technologies are
well suited for surveying genomic abnormalities on a
much broader scale. These methods allow for the
rapid comparison of chromosomal copy numbers or
relative expression of thousands of genes in a single
assay, creating genomic profiles for the tissues tested.
Not surprisingly, initial studies [64-66] have iden-
tified a long list of chromosomal abnormalities
and genes that are up or downregulated as one
proceeds along the metaplasia—dysplasia—carcinoma
sequence in Barrett’s esophagus. However, addition-
al prospective studies are needed to determine the
significance of these initial findings and whether or
not they have a potential role in distinguishing those
patients who are very unlikely to have their disease
progress from those at greatest risk of progression.
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Screening for Barrett’s Esophagus:
Targeting High-Risk Patients

Richard E. Sampliner

Background

Barrett’s esophagus is the premalignant lesion for
esophageal adenocarcinoma, the most rapidly rising
incidence cancer in the Western world [1]. In
Barrett’s esophagus the squamous epithelium has
been replaced with a metaplastic lining with
goblet cells—intestinal metaplasia. The incidence of
esophageal adenocarcinoma has continued to rise
through 1998 [2] and the prognosis remains poor.
With all of the advances in medical care from 1973 to
1997, the 5-year survival for histologically proven
esophageal adenocarcinoma only improved from
5% to 13% [3]. More than 95 % of patients undergo-
ing resection for esophageal adenocarcinoma have
not had Barrett’s esophagus recognized prior to the
diagnosis of cancer [4]. In these unidentified Bar-
rett’s esophagus patients, the opportunity for detect-
ing earlier stage disease was missed, highlighting the
rationale for screening for Barrett’s esophagus.

Definition of Screening

Screening is usually defined as testing individuals for
a disease in the absence of symptoms. For screening
to be effective the test must be sensitive, specific,
acceptable to “patients,” and affordable to society.
However, Barrett’s esophagus is usually recognized
in the clinical context of gastroesophageal reflux
disease (GERD). Therefore, screening for Barrett’s
esophagus is commonly done in patients with GERD
symptoms to look for the premalignant disease. A
recently highlighted challenge to screening for
Barrett’s esophagus is the asymptomatic patient.
Two studies of patients undergoing colon screening

who also had endoscopy revealed Barrett’s esopha-
gus in patients lacking GERD symptoms. In a pre-
dominantly Veteran group of 110 patients, 7% had
long segment and 17% short segment Barrett’s
esophagus [5]. In contrast, another study of 556 sub-
jects showed 0.36% long segment and 5.2% short
segment Barrett’s esophagus in patients lacking
GERD symptoms [6].

The goal of screening for Barrett’s esophagus is
not only the detection of intestinal metaplasia, but
also the recognition of high-grade dysplasia and
esophageal adenocarcinoma. The early detection of
dysplasia and cancer provides the opportunity to
improve patient outcome with early intervention.

Prevalence of Barrett’s Esophagus

The prevalence of Barrett’s esophagus in patients
undergoing endoscopy is 1.5% [7]. The prevalence
of Barrett’s esophagus in patients with GERD ranges
from 5% to 12% [8,9]. Assessing the frequency of
Barrett’s esophagus in an autopsy study [10] and ap-
plying it to a population prevalence, only about one
in five cases are clinically detected [11]. In spite of the
increased application of endoscopy only the minor-
ity of patients with Barrett’s esophagus are diag-
nosed emphasizing the potential for screening.

Who to Screen for
Barrett’'s Esophagus

In the absence of large-scale population based trails
to identify risk factors for Barrett’s esophagus, at-
tempts have been made to predict Barrett’s esopha-
gus from clinical and demographic features. Patients
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with Barrett’s esophagus have been compared to
GERD patients lacking Barrett’s esophagus. A Veter-
ans Affairs (VA) Medical Center study found age
greater than 40 years, heartburn or acid regurgita-
tion, and heartburn more than once a week were
independent predictors of Barrett’s esophagus by
multivariate logistic regression (88 patients with
Barrett’s esophagus compared to 88 with GERD)
[12]. Another study evaluated seven questions relat-
ing to GERD symptoms. Male gender, heartburn,
nocturnal pain, and dysphagia were significant pre-
dictors of Barrett’s esophagus (99 patients with Bar-
rett’s esophagus compared to 48 with GERD) [13].
A nomogram was developed for screening patients
for Barrett’s esophagus with a sensitivity of 77%
and specificity of 63%. Another VA study found no
symptoms were reliable in predicting Barrett’s
esophagus (235 patients with Barrett’s esophagus,
306 with erosive esophagitis) [14]. GERD symptoms
longer than 13 years were a risk factor for Barrett’s
esophagus in eight departments of gastroenterology
in Ttaly (149 patients with Barrett’s esophagus, 143
with esophagitis) [15]. To summarize these prospec-
tive studies, the only associated risk factor in com-
mon is heartburn.

The epidemiology of esophageal adenocarcinoma,
the ultimate complication, also provides clear risk
factors for Barrett’s esophagus, the premalignant
lesion. In the USA the annual incidence of
esophageal adenocarcinoma in Caucasian men is
3.6/100000, in African American men 0.8, and in
Caucasian women 0.3 [2]. In series of surgically re-
sected patients with esophageal adenocarcinoma
and Barrett’s esophagus from the USA and Western
Europe, 85% of the patients are Caucasian men
[16-20].

A Swedish population-bases study demonstrated
that more frequent (>three times per week, odds
ratio [OR] 16.7), more severe (as judged by patients,
OR 20), and longer duration (=20 years, OR 16) re-
flux symptoms were associated with a significantly
greater risk of esophageal adenocarcinoma [21].
Duration and severity of GERD symptoms have also
been documented to relate to the likelihood of find-
ing Barrett’s esophagus at endoscopy in patients with
GERD [22,23].

Barrett’s esophagus is uncommon in younger
patients undergoing endoscopy. In one study in
which 3634 patients lacking alarm symptoms under
the age of 45 years were endoscoped, only onein 363
patients had Barrett’s esophagus [24]. Olmstead
County data suggest the median age of onset of
Barrett’s esophagus is 40 years, although the
mean age of diagnosing Barrett’s esophagus was not
until 63 years [25]. While the onset of symptomatic
GERD is readily identified, the onset of Barrett’s
esophagus can only be identified when endos-
copy is performed. Therefore the recognition of
Barrett’s esophagus occurs in the clinical context
without relation to the indeterminable onset of the
disease.

The information from the clinical and population
based studies has led to the recommendation of
screening older patients with chronic GERD symp-
toms. The highest yield of Barrett’s esophagus is in
Caucasian men [26] (Table 11.1). The specific age to
initiate screening as well as the specific duration of
reflux symptoms at which to screen are not evidence
based.

An additional risk factor for Barrett’s esophagus
is a family history of GERD or Barrett’s esophagus.
Familial aggregation of GERD in patients with
Barrett’s esophagus but not in patients with reflux
esophagitis has been documented [27,28]. Familial
aggregation of Barrett’s esophagus and esophageal
adenocarcinoma has been demonstrated compared
to controls—a positive family history in a Barrett’s
esophagus/adenocarcinoma family is 12 times more
likely, 95% confidence interval (CI) 3.34-44.76 than
in GERD controls lacking Barrett’s esophagus [29].
Preliminary trials of endoscopy in first-degree
relatives of patients with Barrett’s esophagus also

Table 11.1 High-risk candidates for screening.

Chronic GERD symptoms
Older age

Male

Caucasian

GERD, gastroesophageal reflux disease.



Table 11.2 Challenges for screening.
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Table 11.3 Screening endoscopy alternatives.

Barrett’s patients lacking GERD symptoms
Cost/risk of endoscopy

Accuracy of endoscopy and histology

Lack of predictors to increase yield of screening
Benefits unproven

GERD, gastroesophageal reflux disease.

suggests a higher frequency of Barrett’s esophagus
[30,31].

How to Screen for
Barrett's Esophagus

The current definition of Barrett’s esophagus has
criteria necessitating endoscopy and biopsy—a
columnar appearing distal esophagus with intestinal
metaplasia by biopsy. The issues related to screening
endoscopy include the invasiveness and therefore
therisk, the accuracy, the cost, and the lack of proven
benefit (Table 11.2).

Even though Barrett’s esophagus is the only
known premalignant precursor of esophageal ade-
nocarcinoma and is a complication of GERD, not all
patients with Barrett’s esophagus have apparent
GERD-related symptoms. In a prospective multi-
center Italian study, 40% of patients with Barrett’s
esophagus lacked reflux symptoms [15]. Similarly,
40% of patients in a Swedish population-based
study of esophageal adenocarcinoma lacked GERD
symptoms [21].

The accuracy of endoscopy and histologic inter-
pretation are important issues. The lack of standard-
ization of criteria and practice are highlighted by
process of care problems. Endoscopists often fail
to identify the critical landmarks for the recogni-
tion of Barrett’s esophagus—the squamocolumnar
junction, the esophagogastric junction, and the di-
aphragmatic pinch [32,33]. At an academic and a
community hospital, the location of the esopha-
gogastric junction was identified in only 72%, the
length of Barrett’s esophagus in 74%, and the pres-
ence or absence of an hiatal hernia in 60% of en-
doscopy reports [34]. The location of the biopsies,
critical in separating intestinal metaplasia of the

Brush cytology
Unsedated endoscopy
Esophageal capsule endoscopy

esophagus (Barrett’s esophagus) from cardia in-
testinal metaplasia, is often neglected—59% of
endoscopic reports in this study. Additionally,
pathologists do not always identify key criteria
for the documentation of intestinal metaplasia—
“specialized” or “intestinalized” was mentioned in
61%, and the presence or lack of goblet cells in only
16% of pathology reports [32,35].

Alternatives to screening endoscopy are necessary
(Table 11.3). Balloon cytology independent of en-
doscopy has been performed with a disappointing
yield of diagnostic goblet cells in 24% of 63 patients
[36]. A more abrasive balloon may give a higher
yield. Unsedated endoscopy has been performed
by the peroral and transnasal route, typically with
smaller caliber endoscopes. A multicenter random-
ized trial compared unsedated ultrathin endoscopy
(5—-6 mm diameter endoscopes) versus conventional
sedated endoscopy (8-11mm). The unsedated pa-
tients were as satisfied and just as willing to repeat
the procedure [37]. The procedure was faster and
less costly than the sedated endoscopy. Even with
unsedated small caliber endoscopy, biopsies can be
performed enabling recognition of Barrett’s esopha-
gus and dysplasia [38]. The lack of sedation can elim-
inate monitoring, recovery time, loss of work time,
and the need for an accompanying driver, all further
reducing the expense. However, in two US studies
31% and 37 % of patients declined to undergo unse-
dated endoscopy [37,39]. Patients often desire a pro-
cedure totally lacking any potential discomfort.
Additionally, in spite of published studies over a span
of 9 years, unsedated procedures are not being
widely utilized.

The latest non-endoscopic technologic develop-
ment is esophageal capsule endoscopy [40]. The
most recent US Food and Drug Administration
(FDA) approved capsule acquires video images from
both ends of the capsule at 14 frames per second and
the capsule study is completed within 20 min. With
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validation of the ability to diagnosis columnar lining,
this technique could be administered by non-
physicians and the video read by experts to readily
screen a larger segment of the population at risk for
Barrett’s esophagus. Patients may well prefer this
screening technique to any form of endoscopy. High-
risk patients for Barrett’s esophagus, as identified by
interpretation of the video recording, would still
need to undergo conventional endoscopy and biopsy
for the definitive diagnosis of Barrett’s esophagus.

Effectiveness and Cost of Screening

There is suggestive evidence that performance of en-
doscopy is associated with earlier stage adenocarci-
noma and better survival. In a cohort of 777 patients
with esophageal adenocarcinoma from the Surveil-
lance, Epidemiology and End Results Program, a
prior endoscopy was associated with earlier stage
disease—62% of patients early stage versus 35%
not undergoing endoscopy—and a reduced risk of
death—relative hazard 0.73, 95% CI10.57-0.93 [41].
A case-control study of 245 incident deaths from
adenocarcinoma of the esophagus in which reflux
was present was performed using Veterans Adminis-
tration databases. Cases were less likely to have
an endoscopy than controls—OR 0.66, 95% CI
0.45-0.96 [42].

In the absence of large-scale clinical studies of
screening endoscopy, modeling studies have been
reported. For screening to be cost-effective by deci-
sion analysis, the patients evaluated have to have a
high prevalence of Barrett’s esophagus, high-grade
dysplasia, and esophageal adenocarcinoma; the en-
doscopic recognition of Barrett’s esophagus and his-
tologic diagnosis of dysplasia need to be accurate and
health-related quality of life needs to be maintained
post-therapeutic intervention [43]. These criteria
are difficult to meet given endoscopic and pathologic
quality of care issues and variable pathologic inter-
pretation in the community [35]. In a cost—utility
analysis of both screening and surveillance, the ben-
efit of screening is greater because the prevalence
of esophageal adenocarcinoma in patients present-
ing for endoscopy with symptoms of GERD is
greater than the subsequent annual incidence of
esophageal adenocarcinoma in patients with known

Barrett’s esophagus [44]. The higher prevalence
of esophageal adenocarcinoma is well documented
in a multicenter cohort study with a 6.6% preva-
lence compared to an annualincidence 0f 0.5% [45].
At these ratios, it would take 13 years of surveillance
endoscopy in Barrett’s esophagus patients lacking
esophageal adenocarcinoma within the first year to
equal the prevalence figure.

Although a separate chapter will deal with surveil-
lance endoscopy of patients found to have Barrett’s
esophagus by screening, it is difficult to separate
screening and surveillance. In the USA, once Bar-
rett’s esophagus is recognized, 98% of endoscopists
perform surveillance endoscopy [46,47]. As demon-
strated above, the prevalence of esophageal adeno-
carcinoma found within the first year is usually 10
times the incidence of adenocarcinoma found with
ongoing surveillance. When high-grade dysplasia is
added to adenocarcinoma then the prevalence of
neoplasia is even greater, providing the rationale for
screening. The recognition that more than 95% of
patients undergoing resection for esophageal adeno-
carcinoma with Barrett’s esophagus have not had
Barrett’s esophagus recognized prior to the diagnosis
of cancer adds another reason for screening [4].

Future Screening

The future offers developments that will make
screening feasible (Table 11.4). The availability of
evidence-based risk criteria for patients with
Barrett’s esophagus and at high risk of esophageal
adenocarcinoma will enable focusing of screening.
This will require larger scale screening trials, ideally
of arandom sample of the adult population with uti-
lization of a validated GERD questionnaire and a
standardized endoscopy and biopsy protocol. Less
invasive technology may soon lead to cheaper, safer,

Table 11.4 The future of screening.

Specific evidence-based risk criteria
Less invasive technology
Non-subspecialty performed

More broadly targeted




more widely applied, and acceptable screening.
Potentially, this could be accomplished with capsule
endoscopy and/or balloon cytology. Such advances
would enable cost-effective screening targeting
high-risk patients for Barrett’s esophagus.

References

1.

10.

11.

12.

Blot W, Devesa SS, Kneller RW, Fraumeni JE Rising
incidence of adenocarcinoma of the esophagus and
gastric cardia. JAMA 1991;265:1287-9.

. Brown LM, Devesa SS. Epidemiologic trends in

esophageal and gastric cancer in the United States. Surg
Oncol Clin N Am 2002;11:235-56.

. Eloubeide MA, Mason AC, Desmond RA, El-Serag HB.

Temporal trends (1973-1997) in survival of patients
with esophageal adenocarcinoma in the United States:
a glimmer of hope? Am J Gastroenterol 2003;98:
1627-33.

. Dulai GS, Guha S, Kahn KL, Gornbein J, Weinstein

WM. Preoperative prevalence of Barrett’s esophagus
in esophageal adenocarcinoma: a systematic review.
Gastroenterology 2002;122:26-33.

. Gerson LB, Sheltler K, Triadafilopoloulos G. Preva-

lence of Barrett’s esophagus in asymptomaticindividu-
als. Gastroenterology 2002;123:461-7.

. Rex DK, Cummings OW, Shaw M et al. Screening for

Barrett’s esophagus in colonoscopy patients with and
without heartburn. Gastroenterology 2003;125:1670-7.

. Cameron AJ. Epidemiology of Barrett’s esophagus and

adenocarcinoma. Dis Esophagus 2002;15:106-8.

. Cameron AJ, Kamath PS, Carpenter HA. Prevalence

of Barrett’s esophagus and intestinal metaplasia at
the esophagogastric junction. Gastroenterology 1997;
112:A82.

. Winters C, Spurling TJ, Chobanian S et al. Barrett’s

esophagus. A prevalent occult complication of gastroe-
sophageal reflux disease. Gastroenterology 1987;92:
118-24.

Cameron AJ, Zinsmeister AR, Ballard DJ, Carney JA.
Prevalence of columnar-lined (Barrett’s) esophagus.
Comparison of population based clinical and autopsy
findings. Gastroenterology 1990;,99:918-27.

ConioM, Cameron AJ, RomeroY etal. Secular trendsin
the epidemiology and outcome of Barrett’s oesophagus
in Olmsted County, Minnesota. Gut 2001;48:304-9.
Eloubeide MA, Provenzale D. Clinical and demo-
graphic predictors of Barrett’s esophagus among
patients with gastroesophageal reflux disease. J Clin
Gastroenterol 2001;33:306-9.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Screening: Targeting High-Risk Patients 105

Gerson LB, Edson R, Lavori PW, Triadafilopoloulos
G. Use of a simple symptom questionnaire to predict
Barrett’s esophagus in patients with symptoms of
gastroesophageal reflux. Am J Gastroenterol 2001;96:
2005-12.

Avidan B, Sonnenberg A, Schnell TG, Sontag SJ. There
are no reliable symptoms for erosive oesophagitis and
Barrett’s oesophagus: endoscopic diagnosis is still es-
sential. Aliment Pharmacol 2002;16:735-42.

Conio M, Filiberti R, Blanchi S et al. Risk factors for
Barrett’s esophagus: a case-control study. Int J Cancer
2002;97:225-9.

Haggitt RC, Tryzelaar J, Ellis FH, Colcher H. Adenocar-
cinoma complicating columnar epithelium lined
(Barrett’s) esophagus. Am J Clin Pathol 1978;70:1-5.
Skinner DB, Walther BC, Riddell RH et al. Barrett’s
esophagus: comparison of benign and malignant cases.
Ann Surg 1983;198:554-66.

Smith RRL, Hamilton SO, Boitnott JK, Rogers EL. The
spectrum of carcinoma arising in Barrett’s esophagus.
Am J Burg Pathol 1984;8:563-73.

Rosenberg JO, Budev H, Edwards RC et al. Analysis of
adenocarcinoma in Barrett’s esophagus utilizing a stag-
ing system. Cancer 1985;55:1353-60.

Paraf E Flejou JE Pignon JP, Fekete F, Potet E. Surgical
pathology of adenocarcinoma arising in Barrett’s
esophagus. Am J Surg Pathol 1995;19:183-91.
LagergrenJ, Bergstrom R, Lindgren A, Nyren O. Symp-
tomatic gastroesophageal reflux as a risk factor for
esophageal adenocarcinoma. N Engl J Med 1999;340:
825-31.

Lieberman DA, Oehlke M, Helfand M. Risk factors for
Barrett’s esophagus in community-based practice.
GORGE consortium. Am J Gastroenterol 1997;92:1293—
7.

Eisen GM, Sandier IS, Murray S, Gottfried M. The rela-
tionship between gastroesophageal reflux disease and
its complications with Barrett’s esophagus. Am J Gas-
troenterol 1997;92:27-31.

Breslin NP, Thompson ABR, Bailey RJ et al. Gastric can-
cer and other endoscopic diagnoses in patients with
benign dyspepsia. Gut 2000;46:93-7.

Cameron AJ, Lomboy CT. Barrett’s esophagus: age,
prevalence and extent of columnar epithelium. Gas-
troenterology 1992;103:1241-5.

Sampliner RE, Practice Parameters Committee ACG.
Updated guidelines for the diagnosis, surveillance, and
therapy of Barrett’s esophagus. Am J Gastroenterol
2002;97:1888-95.

Romero Y, Cameron AJ, Locke GR et a/. Familial aggre-
gation of gastroesophageal reflux in patients with



106

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Chapter 11

Barrett’s esophagus and esophageal adenocarcinoma.
Gastroenterology 1997;113:1449-56.

Trudgill NJ, Kapur KC, Riley SA. Familial clustering of
reflux symptoms. Am J Gastroenterol 1999;94:1172-8.
Chak A, Lee T, Kinnard MF et al. Familial aggregation of
Barrett’s oesophagus, oesophageal adenocarcinoma,
and oesophagogastric junctional adenocarcinoma in
Caucasian adults. Gut2002;51:323-8.

Romero Y, Cameron AJ, Schaid DJ et al. Barrett’s
esophagus: prevalence in symptomatic relatives. Am J
Gastroenterol 2002;97:1127-32.

Chak A, Faulx A, Kinnard MF et al. Identification of
Barrett’s esophagus in relatives by endoscopic screen-
ing. Am J Gastroenterol 2004;,99:2107-14.

Ofman JJ, Shaheen NJ, Desai AA et al. The quality of
care in Barrett’s esophagus: endoscopist and patholo-
gist practices. Am J Gastroenterol 2001;96:876-81.
Sampliner RE. Detecting, measuring, and managing
Barrett’s esophagus—the complete endoscopist. Gas-
trointest Endosc 1997;45:533-5.

Ballinger PJ, Hogan WJ, Bohorfoush AG et al. Short
segment Barrett’s epithelium: prevalence and accuracy
of endoscopic detection. Gastrointest Endosc 1993;39:
A93.

Alikhan M, Rex D, Khan A et al. Variable pathologicin-
terpretation of columnar lined esophagus by general
pathologists in community practice. Gastrointest Endosc
1999;50:23-6.

Falk GA, Chittajallu R, Goldblum JR et al. Surveillance
of patients with Barrett’s esophagus for dysplasia and
cancer with balloon cytology. Gastroenterology 1997;
112:1787-97.

Garcia RT, Cello JP, Nguyen MH et al. Unsedated ultra-
thin EGD is well accepted when compared with con-
ventional sedated EGD: a multicenter randomized
trial. Gastroenterology 2003;125:1606—-12.

Saeian K, Staff DM, Vasilopoulos S et al. Unsedated
transnasal endoscopy accurately detects Barrett’s

39.

40

41.

42.

43.

44.

45.

46.

47.

metaplasia and dysplasia. Gastrintest Endosc 2002;56:
472-8.

Zaman A, Hapke R, Sahagun G, Katon RM. Unsedated
peroral endoscopy with a video ultrathin endoscope:
patient acceptance, tolerance, and diagnostic accuracy.
Am J Gastroenterol 1998;93:1260-3.

. Eliakim R, Yassin K, Shlomi I, Suissa A, Eisen GM. A

novel diagnostic tool for detecting oesophageal pathol-
ogy: the PillCam oesophageal video capsule. Aliment
Pharmacol Ther 2004;20:1083-9.

Cooper GS, Yuan Z, Chak A, Rimm AA. Association
of prediagnosis endoscopy with stage and survival in
adenocarcinoma of the esophagus and gastric cardia.
Cancer 2002;95:32-8.

Kearney DJ, Crump C, Maynard C, Boyko EJ. A case-
controlled study of endoscopy and mortality from
adenocarcinoma of the esophagus or gastric cardia in
persons with GERD. Gastrointest Endosc 2003;57:823-9.
Soni A, Sampliner RE, Sonnenberg A. Screening for
high grade dysplasia in gastroesophageal reflux dis-
ease: is it cost effective? Am J Gastroenterol 2000;95:
2086-93.

InadomiJM, Sampliner RE, Lagergren J et al. Screening
and surveillance for Barrett’s esophagus in high-risk
groups: a cost-utility analysis. Ann Intern Med 2003;
138:176-86.

Sharma P, Reker D, Falk GW et al. Progression of
Barrett’s esophagus to high grade dysplasia and
cancer: preliminary results of the BEST (Barrett’s
esophagus study) trial. Gastroenterology 2001;120:
Al6-7.

Falk GW, Ours TM, Richter J. Practice patterns for sur-
veillance of Barrett’s esophagus in the United States.
Gastrointest Endosc 2000;52:197-203.

Gross GP, Canto MI, Hixson J, Powe NR. Management
of Barrett’s esophagus: a national study of practice pat-
terns and their cost implications. Am J Gastroenterol
1999;94:3440-7.



Barrett’s Esophagus and Esophageal Adenocarcinoma, Second Edition

CHAPTER 12

Edited By Prateek Sharma, Richard Sampliner
Copyright © 2006 Blackwell Publishing Ltd

Surveillance of Barrett’s Esophagus

Gary W. Falk

Introduction

Barrett’s esophagus is the most severe complication
of chronic gastroesophageal reflux disease (GERD).
The importance of Barrett’s esophagus is due to its
well-recognized association with adenocarcinoma of
the esophagus. The incidence of adenocarcinoma of
the esophagus continues to increase and the 5-year
survival rate for this cancer remains dismal. Barrett’s
esophagus and its associated dysplasia are well-
recognized risk factors for esophageal adenocarcino-
ma. Currently, the best hope forimproved survival of
patients with esophageal adenocarcinoma is detec-
tion of cancer at an early and potentially curable
stage. This chapter summarizes current issues in en-
doscopic surveillance of Barrett’s esophagus.

The Increasing Incidence of
Esophageal Adenocarcinoma

Adenocarcinoma of the esophagus was previously
recognized as an uncommon disorder. Studies now
show that the incidence of this cancer has increased
approximately 400% among White men since the
mid-1970s [1]. In the USA, the incidence of adeno-
carcinoma of the esophagus in White men has in-
creased by 21% per year, a rate greater than that for
any other cancer in White men [2]. Similar trends
are seen in other Western countries. However, the
overall burden of esophageal adenocarcinoma re-
mains relatively low. Approximately 14250 new
cases of esophageal carcinoma were diagnosed in
the USA in 2004, of which approximately 60% were
adenocarcinoma [3,4].

The age-specific incidence rate of esophageal ade-
nocarcinoma increases until ages 75-79 years after
which it declines [5] (Fig. 12.1). Recent studies

indicate a disturbing increase in the incidence of
esophageal cancer among younger patients: there
are higher incidence rates in cohorts born more re-
cently [5]. El-Serag et al. estimated that the odds of
developing adenocarcinoma increases by 37.6% for
each 5-year increase in year of birth and 6.6% for
each 5-year increase in age [5]. This birth cohort
effect strongly suggests the possibility that an
exposure or set of exposures is contributing to the
changing epidemiology of esophageal adenocarci-
noma. However, the exposure or exposures result-
ing in the increase in the incidence of esophageal
adenocarcinoma remains unknown.

Barrett’s esophagus is clearly a risk factor for ade-
nocarcinoma of the esophagus. Epidemiologic stud-
ies have identified a variety of other risk factors for
the development of esophageal adenocarcinoma.
Work from Lagergren et al. showed that the more
frequent, severe and long-lasting the symptoms
of reflux, the greater the risk for esophageal
adenocarcinoma [6]. There is increasing evidence of
an association between increasing body mass index
(BMI) and esophageal adenocarcinoma [7,8]. Di-
etary and environmental issues implicated include a
diet low in fresh fruit and smoking [9,10] whereas
Helicobacter pylori infection, especially with cagA*
strains, may protect against the development of
esophageal adenocarcinoma [11]. There are con-
flicting data on the role of drugs that relax the lower
esophageal sphincter as a risk factor for esophageal
adenocarcinoma [12].

Esophageal adenocarcinoma is a lethal disease.
The median 5-year survival of esophageal adenocar-
cinoma was only 14% in the mid 1990s [13]. Sur-
vival is stage dependent, and early spread of cancer
prior to the onset of symptoms is an unfortunate
characteristic of this tumor: lymph node metastases
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may be found in up to 5% of intramucosal carcinoma
cases and in up to 24% of submucosal carcinoma
cases due to the rich lymphatic supply of the esopha-
gus that extends into the lamina propria [14] (Fig.
12.2 [15]). However, the 5-year survival for in situ
tumors is in excess of 68 % giving impetus to a strate-
gy of early detection [16]. Thus, the only hope for
improved survival of patients with esophageal ade-
nocarcinoma is detection of cancer at an early and
potentially curable stage.
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Fig. 12.1 The age distribution of cases diagnosed with
esophageal adenocarcinoma in the USA between 1977
and 1996. Reprinted with permission from El-Serag
etal. [5].
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Endoscopic Surveillance

What is Surveillance?

Surveillance is a technique applied to individuals
who warrant continued ongoing investigation until
they either develop a target lesion while in a surveil-
lance program or exit a surveillance program for
some other reason, such as declining health [17].
Surveillance is applied to individuals thought to be
at increased risk for a particular malignancy, in this
case, esophageal adenocarcinoma.

Rationale for Endoscopic Surveillance
Given the dismal outcome of advanced esophageal
adenocarcinoma, current practice guidelines re-
commend endoscopic surveillance of patients with
Barrett’s esophagus in an attempt to detect cancer at
an early and potentially curable stage [18]. A num-
ber of observational studies suggest that patients
with Barrett’s esophagus in whom adenocarcinoma
was detected in a surveillance program have their
cancers detected at an earlier stage (Fig. 12.3), with
markedly improved 5-year survival compared to
similar patients not undergoing routine endoscopic
surveillance [19-25] (Fig. 12.4). Furthermore, nodal
involvement is far less likely in surveyed patients
compared to non-surveyed patients [23]. Since
esophageal cancer survivalis stage-dependent, these
studies suggest that survival may be enhanced by
endoscopic surveillance. Several decision-analysis
models support the concept of endoscopic surveil-
lance as well (see below) [24-29].

Fig. 12.2 Lymphatic anatomy of the
esophagus. Lymphatics extend into the
lamina propria, which explains why
lymphatic spread is so common in
esophageal cancer. Reprinted with
permission from Falk [15].
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However, others argue that since most patients
with Barrett’s esophagus will not die from
esophageal cancer, the benefit of surveillance re-
mains uncertain and as such, endoscopic surveil-
lance is not warranted until substantiated by
prospective studies [30-32]. Recent work from
Northern Ireland has again demonstrated this co-
nundrum [33]. While the overall mortality rate
among patients with Barrett’s esophagus was no dit-
ferent than that of the general population, mortality

from esophageal cancer was increased in Barrett’s
esophagus patients, but only 4.7% of these patients
died of esophageal adenocarcinoma [33]. Others
point out that since approximately 95% of esop-
hageal adenocarcinomas are diagnosed in patients
without a prior diagnosis of Barrett’s esophagus, the
entire premise of surveillance should be questioned
[34].

Furthermore, all cancer surveillance strategies
have a number of potential pitfalls [17]. Selection
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bias may result in patients accepting surveillance
who are less likely to develop cancer or who would
have presented with symptoms of cancer at an
earlier stage regardless of surveillance. Lead time
biasin a surveillance program may lead to cancer de-
tection at an earlier stage, prior to the development
of symptoms, resulting in a longer apparent survival.
Finally, surveillance programs may simply detect
slower growing, more indolent cancers that may
never be fatal to the patient in contrast to faster
growing aggressive tumors (length time bias).

The resources encumbered by vigorous endoscop-
icsurveillance are considerable. Despite the concern
regarding the esophageal cancer “epidemic” the
overall burden of disease is rather limited in the
Western world in comparison to other malignancies
such as colon cancer. A randomized controlled trial
of surveillance versus no surveillance in Barrett’s
esophagus has not been performed and probably
never will be. While it is scientifically appealing to
wait for evidence to support endoscopic surveil-
lance, we still have the clinical dilemma of dealing
with individual patients at increased risk for the
development of esophageal cancer [35].

The Risk of Esophageal
Adenocarcinoma in an
Individual Patient

Despite the alarming increase in the incidence of
esophageal adenocarcinoma, the precise incidence
of adenocarcinoma in patients with Barrett’s esoph-
agus is uncertain, with rates varying from 1/52 to
1/297 years of follow-up [30,36-38]. Shaheen et al.
found a strong inverse relationship between cancer
risk and study size, with small studies reporting
much higher cancer risks than large studies [38].
This finding suggests that there is a publication bias
that has led to an overestimate of cancer risk in
Barrett’s esophagus: small studies were published
or submitted for publication only if they indicated
high cancer risk. Most recent studies suggest a
much lower risk than what was previously thought,
approximately 0.5% or less annually [30,38].
However, regional variations of cancer risk exist
in the Western world, and the annual incidence rate
in the UK is approximately twice that (1%) found in

the USA (0.5%) [39]. The evolving epidemiologic
data suggest that despite the alarming increase in the
incidence of esophageal adenocarcinoma, the vast
majority of patients with Barrett’s esophagus will
never develop cancer. Furthermore, the survival of
patients with Barrett’s esophagus is similar to that of
the general population, despite an increased risk
of esophageal adenocarcinoma [33].

Development of Esophageal
Adenocarcinoma from
Barrett's Esophagus

Cancer risk in Barrett’s esophagus appears to be
limited to patients with specialized columnar epit-
helium, a finding that may be explained by the
increased rate of cellular proliferation encountered
in these cells compared to cardiac or fundic type
epithelium [40,41]. Compelling evidence exists for
a dysplasia—carcinoma sequence in Barrett’s esopha-
gus whereby specialized columnar epithelium pro-
gresses to low-grade dysplasia, high-grade dysplasia,
and finally to carcinoma. Foci of carcinoma typically
appear adjacent to dysplasia [42]. However, the time
course for this progression is highly variable (Fig.
12.5), and most patients never progress to dysplasia.

It is hypothesized that cancer develops in a subset
of patients who have acquired genomic instability
in Barrett’s epithelium [43]. This predisposes to
the development of abnormal clones of cells that
then accumulate progressively more genetic errors
which include numerical and structural chromoso-
mal rearrangements, gene mutations, loss of normal
cell cycle control, and increased cell proliferation
rates [44-46]. However, there is no clearly pre-
dictable sequence of genetic abnormalities that leads
to the development of cancer. Upregulation of
cyclooxygenase-2 (COX-2) expression also occurs in
the metaplasia—dysplasia—carcinoma sequence [47].
Increased COX-2 expression is associated with in-
creased cellular proliferation and decreased apopto-
sis in vitro [48].

Candidates for
Endoscopic Surveillance

Only patients at increased risk for the development
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of carcinoma, that is those with intestinal metapla-
sia, should undergo endoscopic surveillance. It is
generally agreed that all otherwise healthy patients
with Barrett’s esophagus should undergo surveil-
lance, with an endpoint of either high-grade dyspla-
sia or adenocarcinoma. Elderly patients or patients
with comorbid illnesses who are not candidates for
esophagectomy generally would not undergo sur-
veillance or would be dropped from surveillance at a
certain undetermined age. However, new ablation
techniques may make more of these patients eligible
for surveillance in the future. This area remains
unsettled.

Surveillance Techniques

Current guidelines suggest obtaining systematic four
quadrant biopsies at 2 cm intervals along the entire
length of the Barrett’s segment once inflammation
related to GERD is controlled with antisecretory
therapy [18] (Fig. 12.6). At the time of endoscopy,
landmarks including the diaphragmatic hiatus,
esophagogastric junction, and squamocolumnar
junction should be carefully defined prior to com-
mencing the biopsy protocol. Subtle mucosal abnor-
malities no matter how trivial, such as ulceration,
erosion, plaque, nodule, stricture, or other luminal
irregularity in the Barrett’s segment, should also be
biopsied, as there is an association of such lesions
with underlying cancer [49]. A systematic biopsy
protocol clearly detects more dysplasia and early
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Fig. 12.6 Technique of endoscopic surveillance. Land-
marks including the diaphragm, proximal margin of
gastric folds, and squamocolumnar junction should be
identified first. Four quadrant biopsies should then be ob-
tained every 2 cm in the involved segment. Reproduced
with permission from Falk [15].
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cancer compared to ad hoc random biopsies [50].
The “turn and suction” technique (Fig. 12.7) allows
acquisition of biopsies that are significantly larger
than those obtained by the traditional techniques of
advancing an open biopsy forceps into the lumen
and then closing it to obtain the biopsy sample [51].
With this technique, the biopsy forceps is advanced
out of the biopsy channel of the endoscope and
opened. The forceps is then drawn back until it is
flush with the tip of the endoscope and turned into
the esophageal wall. Air is then suctioned from the
lumen to collapse the mucosa into the forceps cup,
which is then advanced slightly until resistance is ap-
preciated. The forcepsis then closed while maintain-
ing suction and the endoscope tip is straightened
followed by withdrawal of the biopsy forceps to
avulse the mucosal sample. The safety of systematic
endoscopic biopsy protocols has been demonstrated
[52].

The rational for such a comprehensive biopsy pro-
gram comes from observations that high-grade dys-
plasia and early carcinoma in Barrett’s esophagus
often occur in the absence of endoscopic abnormal-
ities, and from the focal nature of dysplasia. System-
atic esophagectomy mapping studies demonstrate
just how focal dysplasia and superficial cancer may
be [53]. In 30 esophagectomy specimens from pa-
tients undergoing surgery for either high-grade dys-
plasia or early invasive adenocarcinoma with no
endoscopic evidence of cancer, the median surface
area of total Barrett’s esophagus was found to be
32 cm?; low-grade dysplasia 13 cm?; high-grade dys-
plasia 1.3cm? and adenocarcinoma 1.1cm? [53]
(Fig. 12.8). The three smallest cancers had surface
areas of 0.02, 0.30, and 0.40 cm?.

Because of the focal nature of dysplasia and can-
cer, some experts recommend that endoscopic
surveillance should utilize a large particle (jumbo)
forceps to obtain biopsies [54]. Studies suggest that a
systematic jumbo biopsy protocol at 1cm intervals
plus biopsy of any mucosal abnormalities can reli-
ably distinguish patients with high-grade dysplasia
alone from those with intramucosal or submucosal
adenocarcinoma, thereby avoiding the risk of un-
necessary surgery in these patients [49,54]. Reid
et al. evaluated the utility of this technique in 45
high-grade dysplasia patients who eventually devel-

oped cancer [49]. Interestingly, 82% of patients had
cancer in only a single 1 cm segment and 69% had
cancer in a single biopsy. Furthermore, only 39% of
patients with cancer by endoscopic biopsy had can-
cer found at surgery. Using this “Seattle protocol,”
100% of cancers were detected. If biopsies were ob-
tained at 2 cm intervals, only 50% of cancers would
have been detected. Others have confirmed that
jumbo biopsies performed at 2 cm intervals will miss
cancer in patients with high-grade dysplasia [55].
However, this technique requires passage of a thera-
peutic endoscope and the generalizability of this
technique to clinical practice is problematic. Survey
data suggest that only 17% of gastroenterologists in
the USA use the jumbo biopsy forceps [56].

The aim of surveillance is the detection of dyspla-
sia and early cancer. The description of dysplasia
should use a standard five tier system: (i) negative for
dysplasia; (ii) indefinite for dysplasia; (iii) low-grade
dysplasia; (iv) high-grade dysplasia; (v) carcinoma
[57]. Dysplasia describes a change that is unequivo-
cally neoplastic. It is characterized by nuclear
pleomorphism, nuclear hyperchromatism, and an
alteration in nuclear polarity. Low-grade dysplasia
is characterized by abnormal nuclei in the basal
half of the cell whereas high-grade dysplasia is
characterized by nuclei in the upper half of the cell,
nuclear crowding and stratification, and more
marked nuclear pleomorphism and hyperchroma-
sia. Intramucosal carcinoma is defined as carcinoma
cells extending into the lamina propria or muscularis
mucosa but not beyond whereas submucosal
carcinoma is defined as infiltration of carcinoma cells
beyond the muscularis mucosa into the submucosa.
Active inflammation makes it more difficult to dis-
tinguish dysplasia from reparative changes. As such,
surveillance endoscopy should not be done until any
active inflammation related to GERD is controlled
with antisecretory therapy.

Surveillance Intervals

Surveillance intervals, determined by the presence
and grade of dysplasia, are based on our limited
knowledge of the biology of esophageal adenocarci-
noma (Table 12.1). However, these intervals are
arbitrary, have never been subject to a clinical trial
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Fig. 12.7 Turn and suction technique of obtaining biopsies in
Barrett’s esophagus. The biopsy forceps is first advanced in the
lumen (a), opened (b) and then drawn back into the endo-
scope until it is flush with the endoscope tip (c). The endoscope
is then turned into the esophageal wall (d) after which suction
isapplied (e). The biopsy forceps is advanced slightly and
closed (f), after which the endoscope is straightened followed
by withdrawal of the forceps to avulse a mucosal sample. Re-
produced with permission from Levine and Reid [51].
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Fig. 12.8 Surface area involved with
Barrett’s esophagus, low-grade dyspla-
sia, high-grade dysplasia, and adeno-
carcinoma in 30 patients without
obvious carcinoma undergoing resec-
tion for high-grade dysplasia or superfi-
cial adenocarcinoma. Reproduced

Barrett's

esophagus total

with permission from Cameron and
Carpenter [53].
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Table 12.1 2002 American College of Gastroenterology practice guidelines for endoscopic surveillance of Barrett’s esoph-
agus. Adapted with permission from Sampliner [18].

Dysplasia grade

Interval

Repeat endoscopy with intensive biopsy of area with dysplasia while on maximum acid suppression

None Every 3 years after two are negative
Low-grade

Every year until no dysplasia
High-grade

Repeat endoscopy with intensive biopsy protocol preferably with therapeutic endoscope and large
capacity biopsy forceps to rule out cancer and document high-grade dysplasia. Special attention to

mucosal irregularity
Expert pathologist confirmation

Focal high-grade dysplasia (< 5 crypts): continued surveillance every 3 months

Multifocal (=5 crypts): intervention

Mucosal irregularity: endoscopic mucosal resection

and likely never will be. Surveillance every 3 years is
now recommended as adequate in patients without
dysplasia after two negative examinations [18]. In
patients with low-grade dysplasia, biopsies should
first be reviewed by an expert gastrointestinal
pathologist to confirm the diagnosis. The patient
should then undergo a repeat endoscopy within 3—6
months using a therapeutic endoscope with large ca-
pacity forceps to exclude the possibility of a higher
grade lesion [58], Biopsy intervals of 1cm make
sense in this setting. If low-grade dysplasia is con-
firmed, then annual surveillance is now recom-
mended until the lesion disappears [18]. These
patients should receive aggressive antisecretory

therapy for reflux disease with a proton pump in-
hibitor to decrease the changes of regeneration that
make pathologic interpretation of this category so
difficult.

If high-grade dysplasia is found, the diagnosis
should first be confirmed by an experienced gas-
trointestinal pathologist. The endoscopic biopsy
protocol should then be repeated within 1 month to
exclude an unsuspected carcinoma. However, biop-
sies should now be obtained at 1 cm intervals with
large particle “jumbo” forceps to maximize the abil-
ity to detect unsuspected cancer [49,54]. If high-
grade dysplasia is confirmed, there is no agreement
on the most appropriate management of these pa-



tients. Esophagectomy is recommended by many
authors to eliminate the risk of carcinoma or to de-
tect and treat cancer at an early curable stage, be-
cause of the marked variability in the finding of
unsuspected cancer in patients with high-grade dys-
plasia which ranges from 0% to 73% [59]. Surgical
mortality in high volume centers is now less than
5%, butis still unacceptably high in centers with low
surgical volume [55].

However, this approach has been criticized be-
cause of the potential risks associated with
esophagectomy and the variable natural history of
high-grade dysplasia [54]. Others recommend a con-
tinued program of rigorous endoscopic surveillance
utilizing the systematic biopsy protocol described
above, reserving esophagectomy for patients with
a preoperative diagnosis of intramucosal or sub-
mucosal carcinoma [54]. Still others recommend
endoscopic ablation therapy, and a recent cost-
effectiveness model suggested that photodynamic
therapy was the most effective strategy for patients
with high-grade dysplasia, yielding the greatest gain
in quality adjusted life years while also providing
the greatest gain in incremental cost-effectiveness
ratio when compared to continued surveillance or
esophagectomy [60]. The optimal strategy for these
patients remains to be defined but clearly must factor
in local expertise in surgery, pathology and ablative
techniques, availability of endoscopic intervention
clinical trials, patient age, length of the Barrett’s seg-
ment, and willingness of a patient and physician to
adhere to rigorous surveillance.

Limitations of Surveillance

Endoscopic surveillance of Barrett’s esophagus, as
currently practiced, has numerous shortcomings.
Dysplasia and early adenocarcinoma are endoscopi-
cally indistinguishable from intestinal metaplasia
without dysplasia. The distribution of dysplasia and
cancer is highly variable, and even the most thor-
ough biopsy surveillance program has the potential
for sampling error. There is considerable interob-
server variability and quality control problems in the
interpretation of dysplasia in both the community
and academic settings [57,61]. Montgomery et al.
found that interobserver agreement was moderate
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to substantial for intestinal metaplasia without dys-
plasia (kappa score of 0.58), slight for indefinite for
dysplasia (kappa score of 0.15), fair for low-grade
dysplasia (kappa score of 0.32), but substantial for
high-grade dysplasia or adenocarcinoma (kappa
score of 0.65) [57]. However, there are even larger
quality control problems in the community setting
where a study of 20 pathologists found that only
35% correctly identified intestinal metaplasia with-
out dysplasia and only 38% could identify gastric
metaplasia without intestinal metaplasia [61]. Many
pathologists continue to classify gastric metaplasia
without intestinal metaplasia as Barrett’s esophagus,
thereby subjecting many individuals to unnecess-
ary surveillance endoscopy. Problems with interob-
server variability are even encountered with
esophageal resection specimens among experienced
gastrointestinal pathologists with a kappa score of
0.6 (moderate agreement) for high-grade dysplasia
and 0.56 for high-grade dysplasia versus intramu-
cosal carcinoma (moderate) [62]. It is precisely this
type of problem that may explain the highly variable
natural history of dysplasia.

Current surveillance programs are expensive and
time consuming. Survey data indicate that while
surveillance is widely practiced, there is considerable
variability in the technique and interval of surveil-
lance, and most do not even follow current practice
guidelines [56,63,64]. Furthermore, there are no
prospective clinical trials that have tested the efficacy
of surveillance in the prevention of esophageal ade-
nocarcinoma. Such a study would require patients to
be randomized to surveillance versus no surveillance
and followed prospectively over many years. Given
the low incidence of cancer in individual patients,
such a study is deemed by many to be impractical
logistically and economically.

Modeling Strategies of Endoscopic
Surveillance of Barrett's Esophagus

Despite the current practice guidelines, there are no
data from randomized controlled trials that demon-
strate the value of surveillance. Such a trial would
take a long period of time to complete, considerable
financial resources, and alarge number of patients. A
number of computer-generated modeling strategies
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have examined the cost-effectiveness of endoscopic
surveillance of Barrett’s esophagus. These generally
demonstrate that endoscopic surveillance can be
cost-effective in selected patients under certain con-
ditions [28]. A decision-analysis study by Provenzale
etal. of the optimal surveillance strategy for Barrett’s
esophagus with an endpoint of esophagectomy for
high-grade dysplasia found that surveillance every 5
years was the most effective strategy to increase both
length and quality of life [27]. A decision analysis
model by Inadomi ef al. examined screening of 50-
year-old White men with chronic GERD symptoms
for Barrett’s esophagus, and found that one time
screening was probably cost-effective only if subse-
quent surveillance was limited to patients with dys-
plasia on initial examination [26]. This strategy
would result in a cost of $10440 per quality adjusted
life year saved compared to a strategy of no screening
or surveillance. However, if surveillance was subse-
quently performed in patients without dysplasia on
a screening examination, even at 5-year intervals,
the strategy would cost approximately $596 000 per
quality adjusted life year.

In contrast, a cost-effectiveness model by Gerson et
al. found that screening of 50-year-old men with
chronic GERD symptoms followed by surveillance
of patients with both dysplastic and non-dysplastic
Barrett’s esophagus with either esophagectomy or
endoscopictherapy for patients with high-grade dys-
plasia or adenocarcinoma was indeed cost-effective
[29]. They found that such a strategy would result in
a cost of $12 140 per life-year gained compared to a
strategy of no screening or surveillance. What ac-
counts for such disparate results? As is usually the
case with modeling studies, the assumptions and
methods used by Inadomi ef al. and Gerson et al. are
different, especially with respect to cancer epidemi-
ology, treatment strategies, and cancer detection
rates.

Allmodeling studies to date suggest that following
parameters influence cost-effectiveness: (a) cost and
frequency of surveillance; (b) sensitivity and speci-
ficity of endoscopy for detecting dysplasia; (c) inci-
dence of neoplasia; and (d) impact of therapy be it
surgical or non-surgical on length and quality of life
[65]. Thus, when taken together, modeling studies
suggest that endoscopic surveillance followed by

efficacious intervention in selected patients can
be cost-effective [65].

Potential Strategies to
Enhance Surveillance

Currently, all Barrett’s esophagus patients are han-
dled in a similar fashion unless dysplasia is present.
However, most patients do not have dysplasia and
will never develop cancer. In order to make surveil-
lance techniques more effective, new approaches are
necessary. This can be accomplished conceptually by
either sampling larger areas of Barrett’s mucosa, tar-
geting our biopsies to areas with a higher probability
of harboring dysplasia, or developing risk stratifica-
tion tools to allow us to concentrate our efforts on in-
dividuals at greatest risk of developing cancer while
decreasing the frequency and intensity of surveil-
lance for individuals at lower cancer risk.

Cytology Brush cytology may be complementary
to endoscopic biopsies and is recommended by some
to be part of the routine endoscopic surveillance of
Barrett’s patients [66]. Cytology has a number of po-
tential advantages compared to routine endoscopic
biopsies: ability to sample a greater area of involved
epithelium, preferential exfoliation of the less cohe-
sive dysplastic cells, simplicity, and lower cost. There
are clear cytologic criteria for dysplasia and bio-
marker studies can be performed on cytologic
specimens [66-68]. Studies to date suggest that
endoscopic cytology has excellent sensitivity and
specificity for the extremes of Barrett’s esophagus:
no dysplasia or high-grade dysplasia/adenocarcino-
ma [66]. However, there are problems in the cytolog-
icdetection of low-grade dysplasia and itis imperfect
for the detection of goblet cells alone. Survey data
indicate that only 17% of gastroenterologists utilize
brush cytology as part of endoscopic surveillance of
Barrett’s esophagus [56] and questions remain re-
garding the generalizability of cytology to the com-
munity setting [69].

Chromoendoscopy Methylene blue is a vital
stain that selectively diffuses into the cytoplasm of
absorptive epithelium of the small intestine and
colon. The presence of staining in the esophagus



indicates the presence of intestinal metaplasia [70].
Some studies suggest that methylene blue chro-
moendoscopy increases the efficiency of detecting
dysplasia: fewer biopsies are required and more pa-
tients are identified with dysplasia compared to four
quadrant biopsies obtained at 2cm intervals [71].
However, others are unable to detect any differences
in dysplasia detection between methylene blue di-
rected biopsies compared to a standard biopsy proto-
col [72]. Chromoendoscopy is appealing because
it is simple and inexpensive. However, there is no
agreement on application technique in terms of the
concentration, volume and “dwell time” of various
reagents, and interpretation of staining remains sub-
jective. Methylene blue chromoendoscopy also adds
additional procedure time and there are some con-
cerns regarding carcinogenesis related to the dye
itself [73].

Optical Biopsy Techniques A variety of endo-
scopic optical techniques including fluorescence
spectroscopy, light spectroscopy, optical coherence
tomography, light scattering spectroscopy, light in-
duced fluorescence endoscopy, confocal microscopy,
and molecular imaging with injected probes have
the potential to obtain “light” biopsies of Barrett’s
esophagus. All of these techniques are based on the
principle that benign and malignant tissues have dif-
ferent optical qualities. In theory, this would permit
optical sampling of larger areas of the columnar-
lined esophagus and improve the efficiency of biop-
sies by targeting areas thought to harbor dysplasia or
cancer.

Initial work with laser-induced fluorescence spec-
troscopy in a group of 36 patients had a sensitivity
of 100% for high-grade dysplasia and a specificity
of 70% for no dysplasia, but all six patients with
low-grade dysplasia were classified as benign by
laser-induced fluorescence spectroscopy [74]. A
spectroscopic probe that combined the techniques of
fluorescence, reflectance, and light scattering spec-
troscopy in 16 patients with Barrett’s esophagus had
a sensitivity and specificity of 100% for separating
high-grade dysplasia from low-grade dysplasia and
no dysplasia and a sensitivity of 93% with a speci-
ficity of 100% for separating any dysplasia from no
dysplasia [75]. However, spectroscopic techniques,
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as currently configured, require a “point and shoot”
method of touching the mucosa with the probe fol-
lowed by biopsy. To be clinically helpful, these tech-
niques will need to image a larger field by “spraying
light” followed by targeted biopsies of abnormal
optical regions.

Optical coherence tomography uses infrared light
to produce high-resolution images of mucosal tissue
in vivo. Current technology again is limited to a
“touch and image” technique and is not yet able to
sample large areas rapidly.

Light induced fluorescence endoscopy is a tech-
nique that allows one to “spray” light on the entire
esophagus. It is based on the principal that tissue
excited by light of a specific wavelength will emit
fluorescent light of a longer wavelength, and that
normal, metaplastic, and dysplastic tissues have
different autofluorescence colors visible to the naked
eye. This will permit targeting biopsies to areas of ab-
normal light. In theory, thistechnique has the poten-
tial to rapidly assess large areas of epithelium prior to
targeting biopsies. A preliminary report found that
light induced fluorescence endoscopy identified 14
of 14 early cancers, seven of 11 “severe” dysplasias,
but only four of 22 areas of low-grade dysplasia [76].
However, once an area is biopsied, the resulting
blood can interfere with imaging. Endoscopic fluo-
rescence detection may be enhanced further by
using a sensitizer, such as 5-aminolevulinic acid,
which accumulates selectively in tumors and dyspla-
sia. Illumination by light of a specific wavelength
allows one to see fluorescence from these lesions
thatis not visible at normal white light endoscopy.

However, validation, standardization, and com-
parison of all of these techniques are still lacking and
assuch, none are as yet ready for clinical use [77,78].
It is anticipated that a combination of techniques
that permit efficient sampling of a wide surface area
ofinvolved mucosa accompanied by deep tissue pen-
etration and high cellular resolution will be the most
useful strategy in the future [78].

Risk Stratification A number of clinical and bio-
logic markers may define patients at increased risk
for the development of adenocarcinoma. Clinical
risk factors for the development of high-grade dys-
plasia or adenocarcinoma include male gender,
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Caucasian ethnicity, increasing age, dysplasia at
eitherindex endoscopy or atany time during surveil-
lance, hiatal hernia size, length of the Barrett’s
segment, BMI, use of lower esophageal sphincter
relaxing medications, low selenium levels, and
smoking [5,7,79-86]. A recent case control study
found that 79% of the population attributable risk of
esophageal adenocarcinoma, that is the proportion
of disease attributable to a given risk factor or set
of risk factors, was due to ever having smoked,
BMI above the lowest quartile, history of gas-
troesophageal reflux, and low fruit and vegetable
consumption [86]. That means that in theory, elimi-
nation of all of these factors could eliminate most
cases of esophageal adenocarcinoma.

Dysplasia still remains the best available marker
of cancer risk despite recognized problems with
interobserver variability [57]. Dysplasia is
recognized adjacent to and distant from Barrett’s
esophagus associated adenocarcinoma in resection
specimens from patients with Barrett’s esophagus
[42,43]. Patients progress through a phenotypic se-
quence of no dysplasia, low-grade dysplasia, high-
grade dysplasia, and adenocarcinoma although the
time course is highly variable [23].

Indefinite for dysplasia is used to characterize le-
sions not wholly diagnostic of dysplasia but too
atypical to dismiss as normal [87]. Work by Mont-
gomery et al. found that the median progression-free
interval to cancer was 62 months for indefinite for
dysplasia, 60 months for low-grade dysplasia, and 8
months for high-grade dysplasia [87]. This finding
supports the concept of grouping indefinite for dys-
plasia and low-grade dysplasia together for clinical
decision making.

The natural history of low-grade dysplasia is
poorly understood. In part, this may be due to the
high degree of interobserver variability in establish-
ing this diagnosis and the variable protocols by
which these patients are followed [57]. Recent stud-
ies suggest that approximately 10-28% of low-grade
dysplasia patients go on to develop high-grade dys-
plasia or adenocarcinoma, whereas regression is
seen in approximately 60-75% [30,88,89]. The re-
mainder will have persistent low-grade dysplasia.
However, complete interobserver agreement among
experienced gastrointestinal pathologists may im-

prove the prognostic value of the finding of low-
grade dysplasia that progresses on to high-grade dys-
plasia or cancer [90].

Unsuspected carcinoma is detected at esoph-
agectomy in approximately 40% of patients with
high-grade dysplasia, with a range of 0-73% [59].
However, while high-grade dysplasia remains a wor-
risome lesion, progression to carcinoma may take
many years and is not inevitable. Buttar ef al. fol-
lowed 100 patients with high-grade dysplasia with
continued endoscopicsurveillance and found cancer
at 1 and 3 yearsin 38% and 56 % of individuals with
diffuse high-grade dysplasia and 7% and 14% of in-
dividuals with focal high-grade dysplasia [91]. Reid
et al. followed 76 patients for 5 years and encoun-
tered cancerin 59% [92]. On the other hand, Schnell
et al., in a study of 79 patients, found cancer in 5%
during the first year of surveillance and in 16 % of the
remaining patients followed for a mean of 7 years
(20% of the total group developed cancer) [93].
Others have reported regression of high-grade dys-
plasia over time as well [93,94]. Extent of high-grade
dysplasia is thought by some to be arisk factor for the
subsequent development of adenocarcinoma [91].
However, there are currently no uniform criteria for
defining the extent of high-grade dysplasia and there
are conflicting data on the clinical significance of ex-
tent of high-grade dysplasia in biopsy specimens and
risk for unsuspected carcinoma [91,95].

Unfortunately, dysplasia is not distinguishable
endoscopically, and the focal nature of dysplasia
makes targeting of biopsies problematic. Further-
more there is considerable interobserver variability
in the grading of dysplasia in both the community
and academic settings [57,61]. The ability of pathol-
ogists to distinguish between intramucosal carcino-
ma and high-grade dysplasia is problematic even in
esophagectomy specimens, thus providing a poten-
tial explanation for the wide variation in behavior of
high-grade dysplasia reported in the literature [62].
Therefore, a less subjective marker for cancer risk
that could supplement or replace the current dyspla-
sia grading system is needed.

Biomarkers of Increased Risk A number of bio-
logic markers may define patients at increased risk
for the development of esophageal adenocarcinoma.



Among the most frequently described molecular
changes that precede the development of adenocar-
cinoma in Barrett’s esophagus are alterations in p53
(mutation, deletion orloss of heterozygosity [LOH]),
plé (mutation, deletion, promoter hypermethyla-
tion, or LOH) and aneuploidy by flow cytometry.
Neoplastic progression in Barrett’s esophagus is ac-
companied by flow cytometric abnormalities such
as aneuploidy or increased G2/tetraploid DNA
contents, and these abnormalities may precede
the development of high-grade dysplasia or
adenocarcinoma [45]. The potential importance of
flow cytometry as a prognostic biomarker was illus-
trated in work by Reid ef al., who found that for
patients with no flow cytometric abnormalities at
baseline and with histology that showed no dyspla-
sia, indefinite or low-grade dysplasia, the 5-year
incidence of cancer was 0% [92]. In contrast,
aneuploidy, increased 4N fractions or high-grade
dysplasia was detected in each of the 35 patients who
went on to develop cancer within 5 years.
Mutations of p53 and 17p LOH have been reported
in up to 92% and 100%, respectively, of esophageal
adencocarcinomas [96]. Furthermore, both abnor-
malities have been detected in Barrett’s epithelium
prior to the development of carcinoma [96,97]. For
example, Reid et al. found that the prevalence of 17p
(p53) LOH at baseline increased from 6% in patients
negative for dysplasia to 20% in patients with low-
grade dysplasia, and to 57% in patients with high-
grade dysplasia [97]. More importantly, the 3-year
incidence of cancer was 38% for individuals with
17p (p53) LOH compared to 3.3% for individuals
with two 17p alleles. However, techniques to detect
p53 mutations and 17p LOH are labor intensive and
have not achieved widespread acceptance in clinical
practice to date. Immunohistochemistry, a much
simpler technique, has been extensively studied
in the dysplasia—carcinoma sequence of Barrett’s
esophagus, but is hampered by false positive and
negative rates of approximately 25 % [97]. Similarly,
pl6 LOH and inactivation of the pI6 gene by pro-
moter region hypermethylation have been reported
frequently in esophageal adenocarcinoma [47,98].
Furthermore, 9p LOH is commonly encountered
in premalignant Barrett’s epithelium and can be
detected over large regions of the Barrett’s mucosa
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[98]. It is hypothesized that clonal expansion occurs
in conjunction with pl6 abnormalities creating a
field in which other genetic lesions leading to
esophageal adenocarcinoma can arise [98].

Unfortunately, none of these biomarkers has been
validated in large-scale clinical trials. In the future, it
is hoped that risk stratification may be accomplished
by apanel of biomarkers obtained from genomicpro-
filing of Barrett’s esophagus patients using rapidly
advancing genomic technology. If risk stratification
is successful in the future, it is anticipated that endo-
scopic surveillance intervals will be lengthened for
patients at low risk for developing adenocarcinoma
and shortened for patients at increased risk of devel-
oping adenocarcinoma.
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Introduction

Medical decision analysis relies on a set of mathe-
matical tools based on probability theory to quantita-
tively compare the expected outcomes of two or
more competing medical management strategies.
Cost-effectiveness analysis (CEA) includes costs in
the comparisons of competing strategies to identify
the optimal medical strategy in an environment with
limited economic resources. Previous guidelines for
the conduct and interpretation of economic analyses
in medicine have been published [1-3]. This chapter
examines the cost-effectiveness of screening and
surveillance for Barrett’s esophagus to decrease
mortality from esophageal adenocarcinoma using
evidence-based medicine principles. We will first
present the results of our systematicreview of the lit-
erature to identify studies of the economic impact of
screening and/or surveillance to decrease mortality
from esophageal adenocarcinoma. We will then
introduce the criteria by which economic analysis of
health care interventions should be conducted. Fi-
nally, we will critically examine the retrieved studies
to determine whether consensus is achieved regard-
ing the implementation of screening and surveil-
lance strategies, and identify key areas to which the
models are sensitive in order to provide potential
hypotheses to guide future clinical research.

This chapter will follow the format recommended
by the Panel on Cost-Effectiveness in Health and
Medicine [1,2,4]. We will examine retrieved studies
to determine whether the methods are valid, discuss
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the results, and determine whether the results will
help in caring for patients.

Systematic Review of the Literature

We performed a systematicreview of the literature to
identify articles that examined the economic impact
of screening or surveillance to decrease mortality
from esophageal adenocarcinoma. Search terms
included: (Barrett esophagus OR Barrett oesophagus
OR adenocarcinoma) AND (economic analysis OR
cost-effectiveness OR decision support techniques).
Databases searched included Medline and Embase;
studies were limited to full publications (abstracts
excluded) in the English language that included a
calculation of the cost-effectiveness of screening or
surveillance to decrease cancer mortality, and ex-
cluded reviews without new data. Two reviewers in-
dependently confirmed the inclusion of articles for
inclusion and data abstraction; discrepancy was re-
solved through consensus. Methods for constructing
formal meta-analysis of economic studies have not
been devised, thus thorough discussion to compare
and contrast results are provided.

Results of Systematic Review

Computerized literature searches yielded 14 original
cost-effectiveness studies of strategies to decrease
mortality from esophageal adenocarcinoma (Table
13.1). Three examined screening and surveillance
among patients with symptoms of gastroesophageal
reflux disease (GERD) [5-7], one examined screen-
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Table 13.1 Studiesincluded in systematic review.
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Author Journal Year Population
Screening with surveillance

Nietert etal. [5] Gastrointest Endosc 2003 GERD
Inadomi etal. [6] Ann Intern Med 2003 GERD
Gerson etal. [7] Clin Gastroenterol Hepatol 2004 GERD
Screening alone

Sonietal.[8] Am J Gastroenterol 2000 GERD
Surveillance alone

Provenzale etal. [9] Am J Gastroenterol 1994 BE
Sonnenberg & El-Serag [10] Gastrointest Endosc Clin N Am 1997 BE
Streitzetal.[11] Am J Gastroenterol 1998 BE
Provenzaleetal.[12] Am J Gastroenterol 1999 BE
Sonnenbergetal. [13] Aliment Pharmacol Therapeut 2002 BE

PDT for dysplasia

Huretal.[14] Dig Dis Sci 2003 BE with HGD
Vijetal.[15] Gastrointest Endosc 2004 BE with HGD
Shaheen etal.[16] Gut 2004 BE with HGD
Chemoprevention

Sonnenberg & Fennerty [17] Gastroenterology 2003 BE
Huretal.[18] JNat Canc Inst 2004 BE

BE, Barret's esophagus; GERD, gastroesophageal reflux disease symptoms; HGD, high-grade dysplasia; PDT, photodynamic

therapy.

ing of this population without surveillance [8], and
five focused on surveillance among patients already
diagnosed with Barrett’s esophagus [9-13]. Recall
thatscreening is the use of a testin order to identify a
group of patients who possess an elevated risk of dis-
ease, while surveillance is the repeated application of
tests or interventions in an already identified high-
risk group. Three other studies evaluated manage-
ment of patients with Barrett’s esophagus and
high-grade dysplasia (HGD) [14-16], and two
compared cancer chemoprevention using aspirin
or other non-steroidal anti-inflammatory drugs
(NSAIDs) with traditional surveillance methods
[17,18].

Of the three analyses that examined screening
patients with reflux symptoms to identify patients at
high-risk for progression to esophageal adenocarci-
noma (EAC), one focused on the potential for re-
duced cost using unsedated ultrathin endoscopy as a

screening tool [5]. This study found that while stan-
dard sedated endoscopy would likely result in the
greatest number of life-years saved, unsedated ultra-
thin endoscopy could save almost as many lives at a
much reduced cost.

Two other analyses estimated the relative yield of
screening for prevalent cancers compared to surveil-
lance for incident cancers. Those analyses examined
screening patients with reflux symptoms using dif-
ferent surveillance strategies (Table 13.2). Although
one study found that continued surveillance of pa-
tients with Barrett’s esophagus in the absence of dys-
plasia required resources beyond those customarily
appropriated for health care interventions [6], the
other reported that surveillance for all Barrett’s
esophagus patients was cost-effective [7]. Addition-
ally, while the former found that heightened surveil-
lance among Barrett’s esophagus patients with HGD
was most cost-effective, the latter advocated the use
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Table 13.2 Screening with surveillance.

Author Nietert etal. [5]

Lowest cost No screening

Cost $11785

Benefit 19.327 dQALYs

Lowest ICER Ultrathin endoscopy
screening

Cost $12119

Benefit 19.333 dQALYs

Most effective

Standard EGD screening;
BE surveillance every

2 years; surgery for HGD
or cancer

Cost $12332
Benefit 19.333 dQALYs
ICER $709260

Inadomi etal. [6]
No screening
$104

16.47 dQALYs

Screen; surveillance for BE
with dysplasia

$1748
16.624 dQALYs

Screen; BE surveillance
every 2 years; surgery for
cancer

$2587
16.626 dQALYs
$414233

Gerson and Groeneveld [7]
No screening

$655

18.16 life years

N/A

N/A
N/A

Screen; BE surveillance
every 3 years; surgery for
HGD and cancer

$1920
18.27 life-years
$12140

BE, Barrett’s esophagus; dQALYs, discounted quality-adjusted life-years; EGD, esophagogastroduodenoscopy; HGD, high-

grade dysplasia; ICER, incremental cost-effectiveness ratio, compared to next least expensive intervention; N/A, not

applicable.

of prophylactic esophagectomy for patients with
HGD in Barrett’s esophagus. The divergent results
between these two studies will be examined in the
following section (Evidence-Based Criteria to Assess
Validity of an Economic Analysis).

Omne analysis restricted its focus to screening
patients with GERD symptoms to detect Barrett’s
esophagus with dysplasia or cancer [8]. This study il-
lustrated that prevalence rates may allow the initial
screening endoscopy to be a cost-effective interven-
tion (i.e. <$100000 per life-year gained). It was
noted, however, that relatively small changes in
assumptions regarding the prevalence of Barrett’s
esophagus and EAC, the rate of cancer development
among Barrett’s esophagus patients, and the impact
of esophagectomy on health-related quality of life
caused the incremental cost-effectiveness ratio
(ICER) to rise above the threshold usually allotted
for health care interventions.

Among the five studies that focused on surveil-
lance among patients already diagnosed with Bar-

rett’s esophagus, it appeared that performing sur-
veillance at almost any interval was cost-effective, if
compared to no surveillance. However, surveillance
intervals of 1-2 years required substantial increases
in resource allocation with little benefit compared to
longer intervals (Table 13.3). Note that one study did
not use techniques standard to most economic
analyses, thus the costs and outcomes reported vary
widely from other estimates [11]. The ICER between
longer and shorter intervals could be as great as
$276000 per quality-adjusted life-year (QALY)
saved, exceeding the standard $50000-100 000 per
QALY benchmark commonly used in economic
analysis. Revised national guidelines published sub-
sequent to release of these data reflect recommenda-
tions to lengthen the surveillance interval [19]. As
could be expected, sensitivity analysis noted several
variables to which the models were sensitive, includ-
ing the incidence of cancer among patients with
Barrett’s esophagus, the efficacy of surveillance to
decrease cancer mortality, and the utility of the
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postesophagectomy state. These three topics are thus
identified as critical areas in which to perform re-
search to more fully define the economic impact of
surveillance to decrease mortality from EAC.

Utilities reduce the value of certain states of dis-
ease in order to reflect patient preferences. Since it
may be assumed that a year living in health is valued
more highly than an equal amount of time living
with cancer, or in the case of Barrett’s esophagus
with the morbidity of having undergone an
esophagectomy for cancer or HGD, utilities allows
weighting of various states of health to be incorpo-
rated in an economic analysis. In most studies perfect
health is valued as 1.0 while death is 0. It is standard
to include utilities in CEA in order to allow compari-
son of interventions across diseases [1-3].

Three studies examined endoscopic therapy for
patients with Barrett’s esophagus and HGD (Table
13.4). All compared photodynamic therapy (PDT)
to esophagectomy or continued surveillance. While
there was discrepancy among the studies with re-
gards to the least expensive strategy, there was con-
sensus that the most effective strategy was to employ
ablative therapy. Compared to the least expensive
strategy, PDT provided an ICER of $12400-47410
per QALY gained. Although the models were sensi-
tive to assumptions of effectiveness of PDT to de-
crease the risk of cancer, and the relative utilities
associated with Barrett’s esophagus and after
esophagectomy, the conclusions regarding the eco-
nomic viability of PDT remained despite extensive
sensitivity analysis. Non-surgical interventions that
decreased the incidence of cancer were more likely
to be cost-effective than strategies to detect early
cancer development. In short, it is cheaper to pre-
vent cancer than to treat cancer after it develops.

Similarly, the two studies that examined chemo-
prevention of cancer among patients with Barrett’s
esophagus found that aspirin and/or non-aspirin
NSAIDs need only to be marginally effective in re-
ducing cancer incidence in order to achieve superior
cost-effectiveness compared to current surveillance
strategies (see Table 13.4). In one study, aspirin use
was found to be both less expensive and more
beneficial than providing no intervention, and
surveillance with or without aspirin was prohib-
itively expensive in comparison to aspirin alone

(>$200000 per QALY gained) [18]. The other study
reported that no intervention was still cheapest, but
NSAIDS increased life-years at low cost [17]. In that
analysis, combining surveillance with NSAIDs
improved outcomes and cost less than $30000 per
QALY gained. As with PDT, the strategy that de-
creased cancer incidence was superior to strategies
that relied entirely on detection and treatment of
early cancers.

Evidence-Based Criteria to Assess
Validity of an Economic Analysis

Criteria governing the conduct and critique of eco-
nomic analysis in health care management have
been previously published [1-4]. In this section we
will review these criteria to assist the reader in inter-
pretation of CEA, and to understand the reasons why
the results of seemingly similar studies vary so great-
ly. As an example, we will highlight the differences
between studies that examined screening patients
with reflux symptoms to identify patients with Bar-
rett’s esophagus and/or surveillance of patients with
Barrett’s esophagus for the purposes of detecting
dysplasia or cancer. The structure of this sec-
tion is to first examine the methods of analysis,
interpret the results, and finally determine whether
the conclusions may be applied to one’s own
population.

Are the Methods Sound?

Did the Analysis Provide a Full Economic
Comparison of Health Care Strategies?

The answer to this question requires identifying the
perspective of the analysis and determining whether
all relevant strategies were compared.

What Was the Perspective of the Analysis?

Construction of a CEA requires establishment of the
perspective of the analysis, or the viewpoint from
which costs and effects are observed. A societal per-
spective is preferred in which direct health care costs,
direct non-health care costs and indirect costs are in-
cluded [1-3]. Determination of direct non-health
care costs, such as the cost of transportation to and
from office visits, or indirect costs, such as the cost of
lost time from work, are difficult to define. For this
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reason, other perspectives may be utilized that in-
volve a subset of the societal perspective. These in-
clude a third-party payer (insurer), hospital or clinic,
or the patient perspective. Depending on the per-
spective applied, costs will include ditferent compo-
nents. All studies included in our systematic review
used a third-party payer perspective.

For a CEA, the outcomes of interest include costs
and effects, such as life-years saved, or number of
cancer cases prevented. Cost—utility analysis, a sub-
type of CEA, accounts for patient preferences for dif-
fering health states so that time spent in less desirable
states such as cancer or chemotherapy is valued less
than time spent in perfect health. Cost—utility analy-
sisis particularly useful when alternative treatments
produce outcomes of different types, or if increased
survival is associated with a reduction in the quality
oflife. The outcome of a cost—utility analysis is a ratio
of costs to QALYs. Note that it is preferable to base a
CEA on an outcome common to other diseases, such
as QALYs, in order to provide global comparison of
resources required to achieve health outcomes.

Of the two CEAs examining the relative contribu-
tions of screening and surveillance, there exist differ-
ences in preferred strategies, especially with regards
to the use of prophylactic esophagectomy among
patients with HGD. One study incorporated patient
preferences for health states, or utilities, to address
the potential negative impact of therapeutic inter-
ventions in patients who are otherwise asympto-
matic [6]. Performance of esophagectomy for
patients who do not yet have a diagnosis of cancer,
and who may never have developed cancer, was of
particular concern, so data from previous studies
examining patient preferences were utilized to esti-
mate the decrement in the quality of one’s life due to
performance of esophagectomy. The other study did
not incorporate utilities, and this in part explains
their differing conclusions [7]. It is difficult to com-
pare the results of the latter study with other CEAs,
since this was only one of two studies included in our
systematic review that did not incorporate patient
preferences [7,11].

Were All Relevant Strategies Compared?
All reasonable clinical management strategies
should be considered in a CEA. Authors generally

provide a figure summarizing their proposed model
in order that readers may critique the structure. This
may be in the form of a decision tree, or perhaps a
Markov model. Decision trees are designed to model
the temporal flow from one initial decision point to
multiple subsequent chance points in a tree-like
fashion. Markov models, in contrast, are recursive,
in that they allow for movement of hypothetical
patients back and forth between a set of recurrent
health states. Because of this feature, Markov
models take into account the effect of time spent
in each health state more easily than simple trees.

The majority of studies retrieved in our systematic
review modeled management based on published
guidelines for screening and surveillance [19].
Several studies included alternative strategies not
included in guidelines, such as the use of PDT,
chemoprevention or other novel interventions
[7,14-18]. It is unlikely that the base-case scenarios
were significantly affected by these additions, and
differences in conclusions were likely the result of
other parameter and structural assumptions made
by the investigators.

Were Costs and Outcomes

Properly Measured?

Was Clinical Effectiveness Established?

The clinical effectiveness of competing strategies of
management must be established prior to comparing
the cost-effectiveness of these strategies. Assump-
tions of efficacy may be based on the results of
individual trials, a range of values from several trials,
or meta-analyses of published studies. Published
results from randomized clinical trials is considered
the best evidence for answering questions of efficacy
of therapy, although economic studies may be more
valid if effectiveness data that reflect normal clinical
practice are available.

The efficacy of screening and surveillance
strategies has been discussed thoroughly in previous
chapters and will not be further examined. The
studies included in the systematic review utilized
extensive literature searches upon which the values
for each of the variables within the models were
derived. Within the limitations of published data, the
studies used appropriate values for their parameter
estimates.



Were Costs Measured Accurately?

The components of cost used in the model as well as
the numerical value assigned to each component
should be stated and referenced. Depending on the
perspective of the analysis, different direct and indi-
rect cost components should be included. Direct
costs are composed of direct health care costs and
direct non-health care costs. Direct health care costs
include the costs to provide medical care including
tests, drugs, supplies, health care personnel, and
medical facilities. Direct non-health care costs in-
clude additional costs incurred by patients as a result
of health care encounters, such as child- or elder-
care costs, transportation costs, and other time costs
resulting from clinic visits or procedures. Indirect, or
productivity costs are those associated with lost or
impaired ability to work or engage in leisure activi-
ties due to morbidity, and lost economic productivity
due to death.

Importantly, there is a difference between costs
and charges. Costs represent the resources foregone
by society to provide medical services, while charges
may deviate from this value depending on the
accuracy of accounting systems, relative bargaining
power of payers and providers, and inclusion of
profit margins.

The majority of studies in our systematic review
used costs based on reimbursements by Medicare to
health care providers and facilities, thus represent-
ing the actual costs incurred by the Center for
Medicare and Medicaid Services (CMS) for care of
patients. This is an acceptable cost subgroup to con-
sider, especially since the value of direct non-health
care and indirect (productivity) costs have not
been determined for GERD or Barrett’s esophagus
patients.

Were Costs and Outcomes Data

Appropriately Integrated?

The costs and outcomes (such as life-years or QALYs)
associated with each of the modeled strategies in a
CEA should be reported; however, it is more impor-
tant to compare the ICER between strategies. The
ICER describes the additional cost incurred by pro-
viding an alternative strategy in order to achieve
increased effectiveness. Similarly, identification of
dominant strategies, or those strategies associated

Cost-Effectiveness of Screening and Surveillance 131

with both greater effectiveness and lower costs, is
warranted.

CEAs commonly employ discounting and time
preference for outcomes. Discounting reflects peo-
ple’s preference for having money and material
goods in the present rather than in the future. This
concept accounts for the opportunity cost incurred
by spending money now in order to derive benefit at
some later time, and is generally based on the mar-
ginal return that would otherwise be gained had the
money to implement an intervention been instead
invested. In a similar manner, health benefits must
also be adjusted to reflect time preferences of
patients; if not, delaying implementation of an
intervention would always appear more cost-
effective. For example, patients with a given sympto-
matic disorder will generally prefer to obtain a year
of health without this disorder immediately as op-
posed to delaying this benefit to a later time. This is
because the benefit may otherwise never be realized
(due to death from alternative cause) or may be
associated with additional comorbid conditions that
counteract improved quality of life achieved from
the disorder in question.

The studies under review reported ICERs between
competing strategies, in addition to incorporating
time preferences through the use of discounting.

Was Appropriate Allowance Made for
Uncertainties in the Analysis?

In the opinion of the authors, this is the most impor-
tant question to answer when critiquing a decision
analytic study. Appropriate testing of the assump-
tions of the model may cause the conclusions of the
analysis to change. Uncertainty may be present in
the parameter estimates (numerical values of vari-
ables) as well as structural assumptions (how the
model was constructed). The conventional manner
in which to examine uncertainty is through a sensi-
tivity analysis. Parameter estimates may be tested to
determine whether variation of variable values
within reasonable clinical bounds will significantly
alter the results; if so, the modelis said to be sensitive
to these variables. The model structural assumptions
may be tested by changing the relationship between
various parts of the model and determining whether
these changes result in different conclusions.
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Uncertainty may be evaluated through one-way
sensitivity analyses, which examine changes in
outcome following variation of a single variable at a
time. In two- and three-way analyses, two or three
variables are varied simultaneously to assess their
joint influence on the outcome of the model. Multi-
ple (n-way) sensitivity analysisis performed through
specialized modeling techniques such as Monte
Carlo simulations, in which multiple variables in
the model are varied simultaneously. In this type of
analysis, variables are represented by probability dis-
tributions around an expected value. The model is
run multiple times; however, instead of using fixed
values for variables, the computer randomly selects a
new set of input values from the probability distribu-
tions. The outcome of such an analysis will be in the
form of an expected value with a statistical distribu-
tion defining its boundaries, for example, a mean
value and standard deviation.

Ttis difficult to assess the structural assumptions of
models because only an outline of the model is pre-
sented in the manuscript. Without the actual model
available for scrutiny, many of the structural as-
sumptions of decision analytic models remain
hidden to even astute reviewers. It is possible to
indirectly assess differences in structural assump-
tions between models by using a common set of val-
ues for each of the variables contained in the models.
It may be assumed that any residual variance be-
tween model results arises from differences in
structural assumptions.

Are Estimates of Costs and Outcomes
Related to the Baseline Risk in the
Treatment Population?

It is important to note the population modeled in a
CEA. The generalizability of an analysis depend
heavily on whether the hypothetical subjects exam-
ined in the model are representative of the popula-
tionasawhole, orrepresent a subpopulation at high-
or low-risk for the outcomes evaluated. All studies
of screening in the systematic review examined a
subpopulation of the USA consisting of people with
long-standing symptoms of GERD [5-7]. Studies of
surveillance focused on the subgroup of patients
already diagnosed with Barrett’s esophagus [9-13],
as did studies examining the potential use of chemo-

prevention to decrease the incidence of CEA [17,18].
Studies involving endoscopic therapy selected an
even more restrictive population to model, thus PDT
was examined only among patients with Barrett’s
esophagus and HGD [14-16], or for non-surgical
candidates with EAC [7].

What Are the Results?

Only if the methods by which a study is conducted
are sound is it appropriate to examine the results.
There are several criteria governing the presentation
of the results of health economic studies.

What Were the Incremental Costs and
Outcomes of Each Strategy?

The main outcomes of a CEA compare the costs and
health outcomes of competing strategies. Once stat-
ed, the next step is to identify dominated strategies
(strategies costing more despite providing less bene-
fit than other strategies), and calculate the ICER
between non-dominated strategies. A table contain-
ing the average cost per patient, remaining life ex-
pectancy or QALYs, ICER (cost per life-year or QALY
gained), and reduction in the cancer incidence and
cancer-associated mortality associated with each
strategy should be presented.

The results of a CEA may also be graphically pre-
sented, with the effect or benefit on the abscissa and
the cost on the ordinate. The results of each strategy
are plotted, starting with the least expensive strategy
and progressing through increasingly more expen-
sive ones. Dominated strategies, or those that cost
more despite achieving less benefit, are eliminated,
and lines connecting non-dominated strategies are
drawn. The slope of the line represents the ICER
between strategies, which is defined as the difference
in costs divided by the difference in effectiveness
between two strategies.

It should be noted that among the published
studies there were deviations from accepted practice
with regards to reporting of strategies dominated
either by simple or extended dominance. Thus,
conclusions presented by authors regarding optimal
strategies of management were not supported by
data presented within the manuscripts. Future pub-
lications of CEA should adhere to published criteria
when reporting results of economic analysis.



Do Incremental Costs and Outcomes
Differ Between Subgroups?

Barrett’s esophagus provides an opportunity to dis-
cuss identification of subgroups within an examined
population to determine whether differing costs and
health outcomes may be expected. Patients with
Barrett’s esophagus and HGD may be used as an
example of a subgroup in which interventions not
otherwise cost-effective in a general population
might prove to be economically reasonable. Multiple
studies identified patients with dysplasia to possess
higher rates of cancer development that allowed
continued surveillance to become cost-effective
[9-13]; in addition, one study revealed that patients
with Barrett’s esophagus in the absence of dysplasia
were an expensive group in which to intervene [6].
Another study provided a different conclusion, stat-
ing that continued surveillance in the entire Barrett’s
esophagus population was also cost-effective com-
pared to limiting surveillance to patients with Bar-
rett’s esophagus and dysplasia alone [7]. Although
heterogeneity between the studies in the parameter
assumptions exists, it is the structural assumptions
that likely form the basis for these differences.

One major structural difference was that the latter
study did not incorporate patient utilities in the
analysis [7]. Asaresult, the outcome of the study was
limited to the difference in life-years between com-
peting strategies. This study found that prophylactic
esophagectomy for patients with Barrett’s esopha-
gus and HGD was a dominant strategy compared
to continued surveillance. In the absence of utilities,
the decision to perform esophagectomy is limited
to weighing the risk of death from EAC with the
mortality rate with esophagectomy. Other studies
opposed this result, finding that incorporation of
patient preferences for avoiding esophagectomy
caused the equation to shift in favor of continued
surveillance [6,11,17] or endoscopic therapy
[14-16]. More importantly, these studies highlight-
ed the importance of performing clinical research on
this topic, since small variations in patient prefer-
ences causes large differences in the cost-effective-
ness of screening and surveillance among Barrett’s
esophagus patients.
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How Much Does Allowance for
Uncertainty Change the Results?

A sensitivity analysis is performed to assess whether
variations in baseline assumptions of the model
significantly alter the results. As uncertainty exists
in the estimates of the variables of all models, use
of a range of clinically reasonable values obtained
through literature searches or expert opinion will
allow the reader to determine whether existing data
are sufficient to answer the question posed.

Model structural assumptions may be addressed
by varying the various interventions applied (i.e.
prophylactic esophagectomy versus continued sur-
veillance in Barrett’s esophagus patients with HGD),
or by varying the interaction between variables
within the model (i.e. restricting cancer to arise from
Barrett’s esophagus with HGD, or allow its develop-
ment from Barrett’s esophagus with low-grade dys-
plasia or without dysplasia).

Although all studies included in the systematic re-
view used some form of sensitivity analysis, it should
be noted that no standard set of parameter estimates
or structural assumptions were applied to each
model. Thus, it remains unknown whether the dif-
ferences in conclusions between models arises from
variation in the values of the variables, or from vari-
ation in the interactions between variables modeled
by the investigators.

Will the Results Help in Caring for

My Patients?

All CEAs should address a clinical question that has
the potential to improve the management of
patients. A critical assessment of the risks, benefits
and costs associated with implementation of tested
strategies should be provided.

Are the Treatment Benefits Worth

the Costs?

When comparing competing strategies in terms of
their costs and benefits, three outcomes are possible.
A strategy may be both less costly and associated
with greater benefit than an alternative strategy, in
which case it is said to be a dominant strategy. Con-
versely the strategy may itself be dominated by being
both more costly and associated with less benefit
than the alternative. Lastly one strategy may be
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Difference in Effectiveness

A>B A<B
Difference A>B ICERAvs B B Dominant
in Costs A<B A Dominant ICER B vs A*

Fig. 13.1 Possible economic outcomesbetween com-
peting strategies of management. ICER, incremental
cost-effectiveness ratio. *If costs and effects are
equal, strategies are equivalent.

more costly, but achieve greater benefit than the
alternative; in this case the ICER may be calculated
in order to determine whether the “bang is worth
the buck.” Figure 13.1 illustrates these possibilities
graphically. The potential difference in costs be-
tween strategies is aligned in rows, while the differ-
ence in effectiveness is listed in columns. The lower
left quadrant depicts the case where strategy A is less
expensive (or the same cost) than strategy B, while
achieving a larger effect. Assuming that the outcome
is desirable, strategy A is dominant compared to
strategy B. The upper right quadrant examines the
converse where strategy A is both more expensive
and associated with less (or equal) effect compared to
strategy B; in this case strategy B dominates strategy
A. The remaining two quadrants, upper left and
lower right, depict examples where one strategy is
associated with greater costs, but also greater benefit.
In these cases, the ICER can be calculated, represent-
ing the additional resources required to improve
outcome by using one strategy instead of another.
Although no true gold standard for acceptable
ICERs exists, previous studies have presented the
value of $50000-100000 per life-year saved as an
amount society has shown a willingness to pay
[3,20]. This standard, however, is based more on tra-
dition than on science and represented the cost per
life-year saved when performing hemodialysisin pa-
tients with renal failure. Estimates of the cost per life-
year gained when screening for other malignancies
are as low as $22 000 (breast cancer screening), and
as high as $250000 (cervical cancer screening) [21].
Itis likely that the amount society is willing to pay to

achieve improved health outcomes depends on the
available resources, the perceived impact of the spe-
cific disease in that society, and social issues not di-
rectly addressable through quantitative analysis.
One of the insights gained through economic analy-
sis is an estimation of the quantity of resources that
will be foregone in order to implement health care
programs. It is then a matter of prioritizing the allo-
cation of resources to determine whether these pro-
grams should be embraced.

Could My Patients Expect Similar

Health Outcomes?

Outcomes achieved in clinical trials may not be
realized in clinical practice. One must consider
the difference between the efficacy of an intervention
in a clinical trial compared to the effectiveness of
that intervention in a general practice setting. As
clinical trials are usually performed in highly select-
ed patient populations at specialized research insti-
tutions, it must be questioned whether patients in
one’s own healthcare population are similar enough
to those in clinical trials to expect similar results.
Additionally, the infrastructure to successfully
implement the intervention must be demonstrated
to function as effectively as that possessed in the
clinical trial.

Could I Expect Similar Costs?

Depending on the perspective of the analysis, differ-
ent categories of costs are included in a CEA. Even
when limiting an economic analysis to direct
health care costs, considerable differences may exist
between costs reported in a study and one’s own
health system. This is because prices for resources
may differ geographically, and more importantly,
clinical practice variations may induce cost differ-
ences that do not translate from the study to one’s
own practice environment.

Problems With Screening and
Surveillance in Barrett's Esophagus

Prevalence Versus Incidence

Current methods of screening are inadequate.
Guidelines recommend screening patients with
long-standing symptoms of GERD to detect Barrett’s



esophagus [19,22,23]. The use of GERD symptoms
as the marker for the presence of Barrett’s of esopha-
gus is hindered by two facts. The first is that a sub-
stantial proportion of the population who develop
adenocarcinoma of the esophagus do not reliably re-
port a history of significant GERD symptoms. Lager-
grenetal. reported that 40% of patients with EAC did
not state the presence of significant heartburn 5-
years prior to the diagnosis of cancer [24]. Gerson et
al. found 25 % of the population of veterans who did
not complain of heartburn had intestinal metaplasia
confirmed on biopsy within the tubular esophagus
[25]. It is evident that a substantial proportion of
patients with Barrett’s esophagus are not identified
as screening candidates. Although heartburn is
definitely a significant predictor for cancer occur-
rence, its absence does not rule out the possibility of
cancer development.

The second is the fact that prevalent cancers out-
number incident cancers [26]. This means that by
the time we diagnose Barrett’s esophagusin a patient
destined to develop cancer it is already present. It
should be noted that most studies identifying this
dilemma do not separate true screening cases from
those detected due to the presence of symptoms,
thus this may reflect the propensity of case-finding of
esophageal cancer and overestimate the rate of can-
cer detection through “screening.” However, the
issue remains that current methods to identify pa-
tients at high-risk for cancer development are insuf-
ficient. Heartburn is a poor marker for the presence
of Barrett’s esophagus.

Lack of Reliable Markers of Progression

to Cancer

Only a minority of patients with Barrett’s esophagus
develop EAC. The overall risk, previously overesti-
mated, is approximately 0.5 % annually [27]. Cur-
rently dysplasia is the biomarker used to identify
patients with Barrett’s esophagus at highest risk for
development of cancer [19,22,28-37]; however, the
interobserver variability for interpreting dysplasia is
high, and dysplasia itself appears to be a transient
state [38-41]. Dysplasia is inconsistently diagnosed
among patients with Barrett’s esophagus undergo-
ing surveillance examinations, which may be a re-
sult of sampling error, but may alternatively indicate
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the evanescent nature of this biomarker. Moreover,
studies examining the natural history of HGD note
that the competing risk of mortality from other
disease result in cancer mortality to be rare [26]. As
aresult, dysplasiais an inadequate marker for identi-
fying patients with Barrett’s esophagus at high-risk
for development of cancer.

The majority of costs incurred in current strategies
to decrease mortality from EAC are derived from the
multiple surveillance examinations required among
the population of Barrett’s esophagus patients.
Several analyses illustrate that the greatest benefit
from any strategy occurs with the first screening
endoscopy [6,8]. The yield and cost-effectiveness of
surveillance would be greatly improved if a better
marker to identify patients destined to develop EAC
were developed, that could be used independently of
the presence or absence of GERD symptoms, and
could recognize the high-risk group more reliably
than dysplasia. An ideal biomarker would be able to
identify these patients prior to the development of
cancer (thus shifting prevalent cancers to incident
cancers), where interventions to decrease the risk of
cancer could be implemented. A biomarker possess-
ing these characteristics does not exist; however,
promising results have been reported using pl6
[42,43], cyclin-D1 overexpression [44], 17p (p53)
loss of heterozygosity [45,46], and aneuploidy or
abnormal tetraploidy [47,48].

Inadequate Therapy

Current surveillance strategies in Barrett’s esopha-
gus focus on detection of early cancer that may be
curable with surgical therapy. Compare this to col-
orectal cancer, for which polypectomy has been
shown to decrease both the incidence of, and mortal-
ity from cancer [49]. The theoretical models identi-
fied in this systematic review illustrate the tenet that
interventions that decrease the incidence of EAC,
despite high cost and low efficacy, are more efficient
than surveillance to detect EAC after it has devel-
oped [14-18]. In truth, the models using aspirin,
non-aspirin NSAIDs, and PDT are interchangeable;
all incorporate an intervention that is characterized
by a certain cost, benefit, and side-effect profile.
These models should not be cited to promulgate the
widespread use of NSAIDs and PDT among all
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Barrett’s esophagus patients, but rather to point out
that these strategies may be viable in comparison to
surveillance using current technology. Truly, almost
anything that has the potential to decrease the inci-
dence of EAC is more cost-effective than our current
practice of surveillance.

Conclusions

Although there is discussion regarding the current
impact of EAC associated with Barrett’s esophagus,
thereislittle doubt that strategies to decrease mortal-
ity from EAC must be defined for use in the future,
since the prevalence of Barrett’s esophagus and EAC
are predicted to increase. CEA is not designed to dic-
tate how providers treat individual patients, but
rather highlight the key elements of the manage-
ment process that influence effectiveness for pa-
tients on average, and elements that must be
considered from a societal perspective in order to ap-
propriately allocate resources. To this end, economic
analysis has revealed the following points: GERD
symptoms are insensitive and non-specific for the
presence of Barrett’s esophagus; Barrett’s esophagus
is an inadequate marker for the development of
EAC; interventions that reduce the incidence of
cancer will be more cost-effective than strategies
that rely on detection of cancer; and proposed treat-
ment for Barrett’s esophagus should not negatively
affect patients” quality of life.
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Introduction

Tissue staining, more often referred to as chro-
moscopy, is widely used throughout the world as an
adjunct to endoscopy to improve the yield and/or
accuracy of the endoscopic examination in identify-
ing abnormal gastrointestinal mucosa [1-5]. Chro-
moscopy, as it is used endoscopically, is an imaging
technique used to identify either specific epithelia or
enhance the surface characteristics of the mucosa
allowing for the recognition of epithelial changes
such as neoplastic change (dysplasia). Used in this
fashion, chromoendoscopy has been proven to im-
prove the utility of the endoscopic examination
when examining the esophagus, stomach, small in-
testine, and colon for various mucosal pathologies
and disease states. Chromoscopy has evolved from a
specific term describing “contrast enhancement of
surface topography” into a more generic term refer-
ring to a variety of these techniques for tissue stain-
ing during endoscopy. Despite this generic term,
chromoendoscopy, or endoscopic tissue staining, has
generally been divided into the following categories:
(i) traditional mucosal contrast staining (or true
“chromoendoscopy”) that specifically refers to the
use of stains which accentuate the surface topogra-
phy of the gastrointestinal epithelium allowing for
recognition of abnormal mucosa that could other-
wise go unrecognized during routine inspection of
mucosa with standard video endoscopy; (ii) vital
staining, which refers to the use of dyes which when
applied to the gastrointestinal epithelial surface are
subsequently absorbed into mucosal lining cells
allowing visual identification of epithelia with
specific characteristics, e.g. metaplastic absorptive

epithelium or a lack of absorption capability where it
would normally be expected from an epithelial
surface; (iii) reactive tissue staining refers to use of
agents during endoscopy that identify specific
epithelia related to their ability to catalyze a chemical
reaction (e.g. effect of acid on a reagent causing
a color reaction); and (iv) mucosal tattooing with
either a temporary “stain” or the implantation of a
permanent mucosal mark (e.g. India Ink) to allow
repeat inspection of a specific gastrointestinal
mucosal site that otherwise could not be accurately
relocated.

Contrast stains used endoscopically include cresyl
violetand indigo carmine, vital stains include Lugol’s
solution, indocyanine green, methylene blue and
toluidine blue, reactive stains include Congo red and
phenolred, and finally tattooing has been done with
both India Ink and indocyanine green.

Cresyl violet, a contrast stain, is useful as it pools
in the margins of the mucosal pits and crevices
highlighting the surface topography of the mucosa.
It has been used most often in chromoendoscopy of
the colon. The other mucosal contrast stain, indigo
carmine, consists of anon-toxicblue dye (indigo) ob-
tained from plants along with carmine (a compound
composed of cochineal and alum) that forms a red
coloring agent, that then collects in the sulci and
grooves of the surface epithelium also highlighting
and accentuating the surface topography of the
mucosa.

Of the vital stains used during chromoendoscopy,
Lugol’s solution, named after the 19th century Paris
physician, Jean Auguste Lugol, is a non-toxic mix-
ture of iodine and potassium iodide that forms a
compound iodine solution. Lugol’s stains the non-
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keratinized epithelia of the esophagus green-brown
related to the affinity of glycogen found in the nor-
mal esophageal epithelium foriodinated agents. This
uptake of stain is rapid and immediate but short-
lived lasting usually for 30-60 min at the most. Indo-
cyanine green, composed of small dimmers and
polymers of carbon, nitrogen and sulfur compounds
in a solution has been used to stain normally func-
tioning hepatocytes. As a chromoendoscopy agent
though, its use has largely been relegated to that
of a temporary tattooing agent. Methylene blue
(methylthionine chloride) has been the most popu-
lar vital stain used endoscopically. It is considered a
non-toxic vital stain used to reversibly stain “absorp-
tive” epithelial blue. Stain uptake with this com-
pound occurs within minutes and this coloration of
absorptive epithelia is resistant to washing once the
compound is absorbed into the mucosal cells. Stain-
ing with methylene blue persists long enough for
recognition to occur endoscopically following rins-
ing of extraneous contrast. Toluidine blue is a vital
stain largely used to stain neoplastic nuclei blue. Its
use endoscopically has been relatively limited. All of
the vital stains mentioned above (except for Lugol’s
solution), when used as chromoendoscopy agents
within the luminal gastrointestinal tract, are only
effective when the surface mucus has been first re-
moved with a mucolytic agent. This “pretreatment”
allows the vital (absorptive) stain to come into direct
contact with the epithelium so absorption can then
take place. Mucolytic compounds used during chro-
moendoscopy include pronase (a proteolytic agent
not available for human use in the USA), mucomyst
(N-acetylcysteine, most recognized as a protective
agent used to mitigate the hepatic toxicity follow-
ing acetaminophen overdose) or acetic acid. Mu-
comyst’s free sulthydryl groups disrupt the disulfide
bridges of the glycoprotein gel structure of the mucus
layer thereby destroying the component integral to
maintaining the mucus cap normally adherent to the
gastrointestinal mucosa.

Reactive stains include Congo red that changes
color from red to blue-black at a pH of less than 3 and
phenol red that is a yellow stain that turns red in the
presence of an alkaline pH.

Finally tattooing of the gastrointestinal mucosa
at the time of endoscopy can be accomplished

with either India Ink, which is a colloidal suspension
of carbon particles orindocyanine green (see above).

It has been my experience that the performance of
chromoendoscopy and the application of these com-
pounds to the surface of the gastrointestinal mucosa
are best facilitated during an endoscopic examina-
tion by the use of a spraying catheter. The use of these
type catheters ensures a uniform application of the
agent as well as avoidance of spraying excessive ma-
terial that will later have to be removed. Following
application, endoscopic examination is continued
with targeted biopsy of abnormally staining areas,
but in the case of vital staining, washing off the
extra contrast from the mucosa has to first be
performed in order to clearly identify and target
stained tissue.

Chromoscopy, used as the generic term for all
types of tissue staining, has been used for decades as
an adjunct to endoscopic examination of the gas-
trointestinal mucosa. Use of chromoscopy in this
fashion has been demonstrated to improve the accu-
racy of determination of a colon polyp’s histology
(adenoma vs. hyperplasia), identify small bowel
epithelium atfected by celiac disease, highlight
intestinal metaplasia in the stomach (including
the cardia), and identify neoplastic squamous
epithelium in the esophagus, among many other
uses. In regards to the esophagus, traditional
application of chromoscopy has focused on use of
Lugol’s solution to identify dysplasia and carcinoma
in patients at risk for squamous cell cancer of the
esophagus.

Another clinically important premalignant lesion
of the esophagus is Barrett’s esophagus [6]. Barrett’s
esophagus refers to a premalignant esophageal
epithelium that is thought to occur as a consequence
of a genetically determined inappropriate repair of
esophageal mucosal injury (esophagitis/esophageal
ulcer) with a metaplastic epithelium in the setting of
an abnormal milieu, e.g. acid reflux, found in pa-
tients with chronic gastroesophageal reflux disease
(GERD). For reasons as yet unknown, only some
patients (predominantly White men) will repair
their esophageal injury by forming this metaplastic
premalignant columnar epithelium (Barrett’s).
GERD affects at least 20% of adult Americans with
10-15% of these GERD patients having Barrett’s



esophagus [7,8]. Extrapolation of these data indicate
that as many as 1-2% of the adult population in the
USA may therefore have Barrett’s esophagus. This
likely represents a conservative estimate as more re-
cently screening of “asymptomatic” individuals un-
dergoing screening for colorectal neoplasia suggests
the prevalence of Barrett’s in the US population may
be as high as 5-15% [9,10]. This large at-risk pool
of patients with Barrett’s esophagus is the probable
explanation for the rapidly rising incidence of the
Barrett’s associated cancer, esophageal adenocarci-
noma, seen over the last 30 years in the USA and
other Western countries [11].

Current clinical recommendations call for
screening patients with chronic GERD for Barrett’s
esophagus, and enrolling those found to have the
premalignant Barrett’s lesion into an endoscopic
surveillance programs [12]. The intent of both
endoscopic screening and subsequent surveillance
of patients for Barrett’s esophagus is to detect neo-
plasia at an early, treatable and, in the case of malig-
nancy, curable stage. Hampering current screening
and surveillance practice is the inability to endoscop-
ically recognize all and especially smaller zones of
Barrett’s, the high-risk subtype, intestinal metapla-
sia, as well early neoplastic lesions (dysplasia or can-
cer) in a field of Barrett’s, as these areas are not
usually recognizable with current widely used video
endoscopic systems. Whether magnification or
other methods of endoscopic imaging can obviate
this lack of recognition of Barrett’s and its neoplastic
elements has not yet been determined, but clearly
some sort of adjunctive endoscopic method(s) (e.g.
chromoendoscopy) will be necessary to improve
recognition of neoplastic Barrett’s as well as smaller
areas of Barrett’s versus that obtained with current
endoscopic imaging technology. Additionally, cur-
rent endoscopic surveillance practice is to perform
random biopsies throughout the entire field of
Barrett’s esophagus in order to maximize detection
of dysplasia or early stage cancer [12]. This “random-
biopsy” approach to surveillance is an effective
technique for detecting early stages of neoplasia if
saturation biopsies are taken from all four quadrants
of the involved esophagus every 1-2 cm. However,
this approach is difficult, tedious, expensive, and
rarely applied in clinical practice. Technique(s)
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that would increase the yield of an endoscopic
surveillance examination’s detection of Barrett’s
metaplasia or neoplasia, while limiting the number
of biopsies necessary to accomplish this task would
be of intuitive clinical benefit.

One potential means of improving the yield of
detection of Barrett’s metaplasia would be to accen-
tuate the squamocolumnar junction. Similarly,
another method to increase the ability to detect
neoplasia while limiting the needed number of biop-
sies in a patient with Barrett’s esophagus undergoing
surveillance endoscopy would be to target only high-
er-risk tissue. Chromoendoscopy could be of benefit
in both of these regards it it could either more accu-
rately define the presence and extent of the meta-
plastic Barrett’s epithelium to insure recognition
and sampling of the full extent of the disease, or
if tissue staining accurately identified areas of
intestinal metaplasia/dysplasia. Intestinal metapla-
sia is now considered to be a prerequisite for the di-
agnosis of Barrett’s esophagus as it represents the
premalignant epithelium from which neoplasia
arises [12]. However, within the length of Barrett’s
esophagus, there may be areas of columnar mucosa
lacking intestinal metaplasia. As there is little or no
risk of malignancy in these other regions of colum-
nar epithelia, tissue sampling from these locations is
unnecessary and wasteful. Thus targeting only the
“at-risk” tissue (intestinal metaplasia) could also be
of benefit and improve cost and/or yield of surveil-
lance endoscopy in these patients.

This chapter will focus on the use of chromoscopy
as an adjunct to endoscopy during screening and/or
surveillance of Barrett’s esophagus (see Tables 14.1
and 14.2). Unfortunately, there are little data avail-
able at this time on which to base strong clinical rec-
ommendations regarding use of chromoendoscopy
in patients with Barrett’s esophagus [1,3-5]. But
where there are data it is quite compelling and it has
identified areas where further research may be
rewarding.

Use of Chromoendoscopy in
Screening (Detecting) for
Barrett's Esophagus

Lugol’s solution, as mentioned previously, is an
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Table 14.1 Tissue stains.

Stain Type Use
Methylene blue Vital stain
Toluidine blue Vital stain
Lugol’s solution Vital stain

Surveillance: identifies intestinal metaplasia and possibly dysplasia
Surveillance: identifies columnar mucosa

Screening: accentuates squamocolumnar border and highlights small islands and

tongues of columnar mucosa

Aceticacid Contrast stain

Screening: accentuates squamocolumnar border and highlights small islands and

tongues of columnar mucosa

Indigo carmine Contrast stain

Surveillance: identifies intestinal metaplasia and dysplasia when used with

magnification endoscopy

Table 14.2 Tissue stain techniques.

Stain Concentration Volume Application

Methylene blue 0.5-1.0% solution 10-50cc Spraying catheter (Olympus PW-5V) over surface of
Barrett’s following mucolytic (mucomyst or acetic
acid) application

Toluidine blue 0.5-1.0% solution 10-50cc Same as for methylene blue

Lugol’s solution 1-10% solution 20-50cc Spraying catheter at squamocolumnar junction

Aceticacid 1.0-1.5% solution 5-30cc Same as for Lugol’s solution

Indigo carmine 0.1-2.0% solution 20-50cc Same as for methylene blue (mucolytic not needed)

iodine-based solution containing iodine and potas-
sium iodide, that has an avidity for glycogen con-
taining mucosa such as is found in the normal non-
keratinized squamous epithelium of the esophagus
[1]. The normal squamous mucosa of the native
esophagus stains a distinctive green-brown follow-
ing application of Lugol’s solution. Lugol’s solution
has been extensively studied as a contrast agent to
identify dysplasia and malignant areas within the
squamous lined esophagus as it clearly demarcates
normal squamous mucosa from abnormalneoplastic
mucosa.

Based on the affinity of Lugol’s solution to stain
squamous mucosa, this chromoendoscopic agent
has also been used as a vital stain to accentuate the
border between normal esophageal squamous
mucosa and metaplastic Barrett’s esophagus colum-
nar epithelium (Plate 14.1; color plate section falls

between pp. 148-9.). In doing so, it may also be use-
ful in identifying otherwise unrecognized areas of
Barrett’s mucosa, such as small islands or tongues
of Barrett’s mucosa adjacent to or distant from the
squamocolumnar junction, that otherwise would
have gone undetected. Woolf et al. demonstrated
that use of Lugol’s in this fashion allowed for more
precise localization of the squamocolumnar border
with a sensitivity and specificity of approximately
90% and 95% respectively [13]. My own personal
experience with the use of Lugol’s solution as a chro-
moendoscopic agent has been that is has also al-
lowed for improved recognition of small residual
tongues and islands of Barrett’s mucosa following
endoscopic reversal therapies. While the clinical rel-
evance of such precise determination of the extent of
the involvement of the esophagus by Barrett’s meta-
plasia following staining with Lugol’s solution is un-



certain, this chromoendoscopic technique clearly al-
lows for more complete sampling of the entirety of
the metaplastic premalignant epithelium. Addition-
ally in research of endoscopic ablation/reversal
techniques for Barrett’s esophagus, use of Lugol’s
allowed more precise determination of whether all
of the endoscopically apparent Barrett’s has been
eradicated (personal observation).

Aceticacid hasalsobeen used as a contrast agent to
accentuate the squamocolumnar junction. A dilute
solution of aceticacid produces protein denaturation
within the normal esophageal-squamous mucosa
resulting in a “whitening” of the tissue. Thus like
Lugol’s solution, acetic acid (but used here as a con-
trast stain vs. a vital stain) can be used to accentuate
the border between the squamous and metaplastic
epithelia present within the esophagus. Guelrud was
able to clearly demonstrate the utility of acetic acid
when used for this type of application [14]. Whether
Lugol’s solution or an acetic acid solution is the supe-
rior chromoendoscopic agent in this regard, remains
to be determined.

Use of Chromoendoscopy for
Surveillance of Barrett’s Esophagus

Asnoted previously, vital staining refers to the use of
contrast agents during endoscopy that are taken up
by an absorptive epithelium and thereby can be used
to identify specific epithelia that are present but
could otherwise go unrecognized. As originally de-
scribed, Barrett’s esophagus consisted of a non-
absorptive gastric-type of epithelium. In actuality,
three distinct metaplastic columnar epithelia have
been identified within the tubular esophagus and
may co-exist within a segment of Barrett’s esopha-
gus: (i) a gastric-type columnar epithelium; (ii) a
junctional-type columnar epithelium; and (iii) an
intestinal metaplasia (absorptive) columnar epithe-
lium. The cancer risk in Barrett’s esophagus is almost
exclusively related to the intestinal metaplasia sub-
type, and thus it is this specific epithelial change that
isregarded as the precursor lesion for adenocarcino-
ma of the esophagus [6,12]. Moreover, Barrett’s
esophagusisnow defined by the presence of this type
metaplastic epithelium within the esophagus, and
Barrett’s esophagus should only be diagnosed when
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intestinal metaplasia is documented within the
tubular esophagus as this is the at-risk lesion [12].
Importantly, Barrett’s related intestinal metaplasia is
similar to gastric intestinal metaplasia in that it has
absorptive characteristics. This absorptive ability can
be used to differentiate and detect intestinal meta-
plasia within a field of Barrett’s esophagus by em-
ploying chromoendoscopy (Plate 14.3; color plate
falls between pp. 148-9.). Tissue stains used to iden-
tify absorptive epithelia within Barrett’s esophagus
have included methylene blue and toluidine blue,
agents shown to identify intestinal metaplasia else-
where in the gut previously [15].

In 1987, Chobanian et al. were the first to use a
vital stain as a chromoendoscopic technique to de-
tect Barrett’s epithelium [16]. In 58 patients under-
going endoscopy, they used acetic acid as a prestain
wash to remove the surface mucus layer followed by
application of a toluidine blue solution. Biopsies
were obtained from both darkly stained versus light-
ly stained or unstained areas following the applica-
tion of this vital stain. The use of this tissue staining
technique improved the yield of detection of Bar-
rett’s esophagus from 86% to 98% in 110 biopsies,
butthisimprovementin sensitivity was also associat-
ed with a decrease in a specificity of the diagnosis of
Barrett’s from 88% to 80%. Six patients had Barrett’s
esophagus diagnosed based on detection by tolui-
dine blue staining alone. Somewhat surprisingly,
vital staining with this agent did not correlate with
the presence of intestinal metaplasia, but identified
junctional and gastric-type epithelia as well. Similar
data using toluidine blue was later reported by
Katzkaetal. [17].

However, ittook 9 years from the seminal observa-
tion of Chobanian’s for chromoendoscopy of Bar-
rett’s to really capture investigators’ attention. At
that time Canto et al. reported the results correlating
chromoendoscopy with methylene blue staining to
the presence of intestinal metaplasia and dysplasia
[18]. In this prospective trial of 31 patients with
known Barrett’s esophagus, routine four-quadrant
biopsy with jumbo forceps versus methylene blue
directed biopsies were performed in a randomized
order. In patients with short segment Barrett’s
esophagus, the yield of intestinal metaplasia in each
biopsy increased from 54% to 94%, and in long
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segment Barrett’s esophagus from 72% to 92%
(P = 0.0006) when targeting of methylene blue
stained mucosa was used. Additionally, neoplasia
was detected significantly more frequently, with 8 %
of samplesand 40% of patientsin randomly obtained
specimens having either dysplasia or cancer versus
11% of samples and 52% of patients (P = 0.03) in
those biopsies directed by staining with methylene
blue. Canto et al. also subsequently reported the util-
ity of chromoendoscopy using methylene blue in a
controlled trial of patients with and without Barrett’s
esophagus undergoing endoscopic examination
[19]. They first removed the mucus from the
esophageal epithelial surface with N-acetylcysteine
and following this procedure methylene blue was
applied with subsequent stain positive and stain neg-
ative directed biopsies in both the 14 patients with
Barrett’s esophagus and the 12 control patients
thought not to have Barrett’s esophagus undergoing
routine endoscopy. In this study they were able to
demonstrate accuracy in detecting specialized in-
testinal metaplasiain methylene blue staining direct-
ed biopsies of 95%. Only 3.5% of biopsies from
stained areas contained no intestinal metaplasia, and
only 5% of biopsies from unstained areas contained
intestinal metaplasia. Somewhat surprising, chro-
moendoscopy using methylene blue directed biopsy
also resulted in the detection of low-grade or indefi-
nite dysplasia in six patients, high-grade dysplasia in
one patient, and an unrecognized intramucosal can-
cerin one patient. The oddsratio for detection of neo-
plasia in a biopsy from a positive “stained” area
versus a biopsy obtained from an unstained area was
17.7 (P = 0.0004). Interestingly, methylene blue
staining detected intestinal metaplasia in the esopha-
gus of 42% of the “control” patients, thought to have
been normal. Staining with methylene blue was re-
producible when reapplied later in the same patients,
and the estimated cost of applying chromoen-
doscopy in this fashion was less than $9 per patient.
Canto et al. has also evaluated the accuracy and
correlation of the staining intensity with methylene
blue in detecting dysplasia in an ex vivo study [20].
In this study the intensity of staining inversely
correlated with the dysplasia grade. More recently,
Gangarosa et al. also correlated the presence of
dysplasia to staining intensity with methylene blue

[21]. In those with prominent staining, intestinal
metaplasia was more frequently detected. Areas of
low-grade dysplasia showed blue staining less fre-
quently than non-dysplastic Barrett’s (52% vs. 74%,
P < 0.05) but the positive predictive value for poor
staining indicating the presence of dysplasia was still
41%. Thus the intensity of staining with methylene
blue at the time of chromoendoscopy may be an im-
portant determinate of the presence of both intesti-
nal metaplasia (strong staining) and dysplasia (light
staining). Finally, Canto et al. also demonstrated in a
randomized trial that the utilization of chromoen-
doscopy during routine surveillance endoscopy in
patients with Barrett’s esophagus increased the per-
centage of biopsies and patients found to have dys-
plasia [22]. In this study the yield of neoplasia from
methylene blue directed biopsies was 12% of speci-
mens and 44% of patients versus random biopsies
detecting neoplasia in 6 % of samples and 28 % of pa-
tients. Moreover, this increased yield of neoplasia
with methylene blue directed biopsy was seen in
both short and long segment Barrett’s patients.
Other investigators have also confirmed the utility of
chromoendoscopy using methylene blue for surveil-
lance in patients with Barrett’s esophagus. Sharma et
al. confirmed that use of methylene blue directed
biopsies in short segment Barrett’s yielded intestinal
metaplasiain 61% of biopsies versus 42% of the ran-
domly obtained biopsies (P = 0.024) [23]. In those
with 1-2 cm lengths of Barrett’s the yield of intestinal
metaplasia in a biopsy rose from 45% to 77% when
directed by methylene blue staining, and in those
with 2-3 cm of Barrett’s it increased from 58% of
samples containing intestinal metaplasia to 90%.
Both of these differences in yield were statistically
significant. More data are still needed in order to de-
termine the exact clinical relevance of these findings,
but these above findings strongly suggest that if the
goal of surveillance endoscopy in patients with Bar-
rett’s esophagus is to detect patients with neoplasia,
then the use of methylene blue chromoendoscopy is
superior to that of the current standard of random
biopsies in targeting at-risk tissue and finding the le-
sion. One conundrum that still needs to be resolved
is the relevance of an unstained segment. As Bar-
rett’s frequently has segments of columnar mucosa
that is not intestinalized (cardia or junctional mu-



cosa), these areas will not take up staining and could
potentially be classified as being more likely neoplas-
tic and targeted unnecessarily. This issue has not
been specifically addressed but remains a potential
problem with chromoendoscopy using a vital stain
such as methylene blue. In a similar demonstration
of the utility of chromoendoscopy with methylene
blue staining to detect intestinal metaplasia in the
region of the esophagogastric junction, Morales et al.
also reported an increase in the detection of intesti-
nal metaplasia in the cardia from 38% with random
biopsies to 67% with methylene blue targeted
biopsies from this anatomic location [24]. Finally,
Sharma et al. has also used magnification endoscopy
combined with vital staining with indigo carmine in
attempting to improve the detection of neoplastic
Barrett’s [25]. They found this technique to be reli-
able for detecting intestinal metaplasia as well as
high-grade dysplasia but not in differentiating
low-grade dysplasia from surrounding intestinal
metaplasia.

It should be noted that not all investigators have
been able to reproduce this high degree of accuracy
with methylene blue staining of Barrett’s. Wo et al.
preformed a crossover study of chromoendoscopy
with methylene blue staining in patients with
Barrett’s esophagus [26]. These investigators found
a low sensitivity and specificity for the diagnosis of
intestinal metaplasia using methylene blue directed
biopsies and no statistical significant improvement
in the detection of either metaplasia or dysplasia
with this technique. Meining et al. using a combina-
tion of chromoendoscopy with and without
methylene blue staining, demonstrated a high level
of interobserver variability in its accuracy (all
kappa <0.4) [27]. Others have also found less im-
pressive results with use of methylene blue staining
chromoendoscopy [28,29]. The reasons for the
discordance results reported with methylene blue
chromoendoscopy in Barrett’s is unclear but, as
mentioned above, I suspect it is likely related to dif-
ferences in the skill and experience with chromoen-
doscopy between investigators, as this technique
appears to be very operator dependent, or to differ-
ences in chromoendoscopy technique (amount of
stain, washing technique, time observed, etc.) em-
ployed in these studies. One final note, although
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methylene blue staining has been found to be ex-
ceedingly safe and there are no reports of toxicity in
the literature when used in this fashion, a recent re-
port suggests that we must remain vigilant in assess-
ing safety of this chromoendoscopic technique.
Olliver et al. reported oxidative damage in tissues
exposed to methylene blue, and this observation is
thought to possibly be related to the photosensitiza-
tion of the compound in the presence of white light
used endoscopically [30]. While this hypothesis and
observation is in itself not sufficient for recommend-
ing caution in using methylene blue chromoen-
doscopy, it does suggest that further work regarding
the safety of this and other chromoendoscopy agents
is still needed.

However, when the data regarding use of methyl-
ene blue chromoendoscopy in the screening and sur-
veillance of Barrett’s esophagus are viewed in their
entirety, targeted biopsy of methylene blue stained
areas increases the recognition and diagnostic accu-
racy not only for the presence of Barrett’s esophagus
and intestinal metaplasia but also increases the
ability to diagnose dysplasia within Barrett’s esopha-
gus. These data strongly suggest that this simple
and relatively inexpensive technique has been and
remains underutilized in the screening for and
subsequent surveillance of patients with Barrett’s
esophagus.

As noted previously, contrast staining refers to the
use of agents to accentuate topography of the epithe-
lium. As mentioned above, Barrett’s esophagus is not
asingle epithelium, but may be a mixture of different
types of columnar epithelia (intestinal metaplasia,
cardia or junctional-type and fundic-type columnar
mucosa). Dysplasia and/or early cancer arises exclu-
sively from the intestinal metaplasia subtype and
can exist unrecognized within otherwise normal
appearing Barrett’s esophagus when using currently
available video-endoscopy. Theoretically, subtle
unrecognized epithelium abnormalities, such as are
foundinneoplastictissues, could be detected by using
a contrast staining technique. Additionally, the
recognition of areas of intestinal metaplasia, allowing
targeted biopsy of these zones and an increased yield
in detecting otherwise unrecognizable neoplasia
within the tissue, could also conceivably be accom-
plished with such a chromoendoscopy technique.



146  Chapter 14

Indigo carmine is a contrast stain that has been
used to accentuate topographical variations in the
surface epithelium related to pooling within crevices
and depressions allowing recognition of subtle dif-
ferences in topography [1]. Stevens et al. studied the
utility of chromoendoscopy using contrast staining
with indigo carmine combined with high-resolution
magnification endoscopy to detect areas of intestinal
metaplasia within Barrett’s esophagus [31]. Accen-
tuation of the squamocolumnar junction was first
achieved by application of Lugol’s solution (see
above) then indigo carmine was sprayed on the
surface of the Barrett’s epithelium. Specialized
intestinal metaplasia had a characteristic villiform
pattern and additionally dysplasia was associated
with a raised irregular surface within this tissue.
Unfortunately, I am not aware of any follow-up
studies validating the use of contrast chromoen-
doscopy to identify intestinal metaplasia or dysplasia
during endoscopic surveillance of Barrett’s esopha-
gus and thus the value of this procedure remains
unknown.

The final chromoendoscopic technique I would
like to briefly discuss is the ability to relocate lesions
or mucosal areas accurately by means of a tissue “tat-
t0o.” (Plate 14.2; color plate section falls between pp.
148-9.) Tattooing of the esophagus has been demon-
strated to be both safe and effective at ensuring preci-
sion of measurement, relocalization, and rebiopsy of
the samessite [32]. Moreover, the tattoo has persisted
with 95% of tattoos still being present at 36 months.
Its use in Barrett’s esophagus seems to be most ap-
plicable in tattooing sites undergoing endoscopic
mucosal resection (EMR) to be able to later
rebiopsy from that site to ensure complete removal
of all neoplastic tissue.

Conclusions

Chromoendoscopy has a number of possible applica-
tions in the management of Barrett’s esophagus.
Both vital staining and contrast staining appear to be
potentially useful both in screening for Barrett’s
esophagus and in the surveillance of the lesion for
the development of neoplasia. The use of Lugol’s so-
lution as a vital stain and aceticacid as a contrast stain
for squamous mucosa appear to be useful in high-

lighting the squamocolumnar border and thus
increasing the ability to identify an otherwise
unrecognized existence of columnar mucosa within
the esophagus, thus confirming the presence and
the diagnosis of Barrett’s esophagus. As such this
technique may be a valuable adjunct to endoscopic
screening for Barrett’s esophagus. Similarly the use
of methylene blue during endoscopy (following re-
moval of surface mucus) as a vital stain for intestinal
metaplasia and/or dysplasia increases the detection
of the at-risk tissue (intestinal metaplasia) as well as
the yield of dysplasia during surveillance endoscopy
of Barrett’s patients. Combination of these two chro-
moendoscopic staining techniques and/or contrast
staining with indigo carmine combined with high
resolution magnifying endoscopy may improve the
utility of endoscopic screening and surveillance of
Barrett’s esophagus and increasing use of the these
techniques must be encouraged.

The ideal tissue stain to use for endoscopic screen-
ing and surveillance of Barrett’s esophagus is proba-
bly as yet undiscovered. A contrast agent accurately
identifying neoplastic epithelium would be of obvi-
ous clinical benefit and perhaps immunohistochem-
ical stains that target neoplastic tissue and be readily
recognizable during routine video endoscopy could
be developed. Putative targets for such “molecular
beacons” include p53 or similar mutations associated
with genomic instability and cancer risk in Barrett’s
esophagus.

There are ample opportunities that remain for
clinical research in the field of chromoendoscopy
and Barrett’s esophagus. More importantly, devel-
opment and validation of these techniques may pro-
vide an opportunity to improve patient outcomes.
Areas needing to be addressed include those such as:
Why does dysplastic epithelium absorb methylene
blue, ifitdoesatall? Does staining really identify dys-
plasia in this setting, or is it identifying a field of in-
testinal metaplasia from which dysplasia is arising?
Can we decrease the number of biopsies needed and
thus time and cost when surveying these patients by
using chromoendoscopy? Are these techniques
cost-effective? Further research employing well-
designed, controlled clinical studies may be able to
answer these and other important questions related
to chromoendoscopy in Barrett’s esophagus.
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Introduction

The rising incidence of Barrett’s esophagus and asso-
ciated adenocarcinoma has led to the establishment
of endoscopic surveillance programs for Barrett’s
esophagus patients. Since malignancy develops
through a metaplasia—dysplasia—cancer sequence,
the goal of surveillance is to diagnose and treat dys-
plasia or early cancer and thus prevent the develop-
ment of advanced cancer, which is associated with a
poor prognosis. One of the challenges facing sur-
veillance programs is the difficulty in detecting
dysplasia/early cancer with standard endoscopy. In
this chapter, we will discuss the use of high-
resolution/magnifying endoscopy in routine endo-
scopic surveillance for detecting early neoplastic
lesions in Barrett’s esophagus patients.

What are High-Resolution
Endoscopy and
Magnifying Endoscopy?

In the last two decades, endoscopes with charge-
coupled devices (CCDs), i.e. electronic endoscopes,
have largely replaced fiberoptic endoscopes. A CCD
is an integrated electrical circuit made of semicon-
ductive material, usually silicon, which is inherently
photosensitive. The surface of the CCD is divided
into numerous photosensitive elements, better
known as pixels. Light photons incident on the semi-

conductive device alter the electrical charge in a di-
rectly proportionate relationship; i.e. the higher the
light intensity (more photons), the higher the gener-
ated charge. Each pixel generates and stores elec-
trons in proportion to the number of incident
photons on the pixel. The charge stored in all of the
pixelsis transferred to an amplifier that measures the
charge in each pixel. Various methods can be applied
for the transfer and read-out of the electrical charge.
Description of these methods can be found else-
where [1]. Different pixels in the same CCD generate
variable electrical charges depending on the number
of photons received and therefore the information
from a CCD is an analog signal. This signal is convert-
ed into a binary (i.e. digital) signal by using a com-
puter processor that also converts the received
information into a color image for display on a televi-
sion screen.

Image resolution is the ability to discriminate be-
tween two closely adjacent points. For CCD-based
instruments, the resolution depends, among other
geometrical and electromechanical factors, on the
total number of pixels on the CCD surface and on the
total number of pixels used to generate the image.
The CCDs in standard video endoscopes have
100000-300000 pixels [2]. Recently, endoscopes
containing CCDs with larger numbers of pixels
(600000-1000000) have been introduced and
these are called high-resolution endoscopes.

Gastrointestinal endoscopes (standard or high res-
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olution) usually have a focal distance with a fixed
range (e.g. 1-9 cm). This means that to be in focus,
the target area should be within this range from the
endoscope and bringing the tip of the endoscope
closer to the mucosa results in blurring of the image.
This limits the possibility of close detailed inspection
of the mucosa, which may be necessary during en-
doscopy. This limitation can be overcome by two
means. First, some endoscopes are equipped with a
mechanical system that can be used to move the lens
along the longitudinal axis of the endoscope, thus al-
lowing the operator to adjust the focal length of the
device (Plate 15.1; color plate section falls between
pp- 148-9). When the endoscope is brought in close
proximity to the tissue, the operator may manually
adjust the focal length using a lever on the head of
the endoscope ora food pedal. This maneuver results
in “optical magnification” (or optical zoom) of the tar-
get area, thus allowing inspection of the fine details
of a small area. Because of manual adjustment of the
focal length, optical magnification allows the use of
the total number of pixels and image resolution is
preserved. Endoscopes with this feature are called
magnifying endoscopes or zoom endoscopes. Second,
magnification can also be achieved electronically by
the video processor. When using this function, the
area at the center of the view field is electronically
magnified without changing the focal distance, i.e.
“electronic magnification” or electronic zoom. Only the
pixels originally involved in imaging the target area
are used to generate the magnified view and there-
fore, image resolution is not preserved if electronic
magnification is used. Higher levels of electronic
magnification will thus result in loss of image
details.

What can be Achieved by
High-Resolution/Magnification
Endoscopy?

The main purpose of using high-resolution en-
doscopy and magnifying endoscopy in the gastroin-
testinal tract is to detect early neoplastic lesions.
Early mucosal lesions may be too small to be discrim-
inated from the surrounding normal tissue by stan-
dard instruments. Small mucosal lesions such as
diminutive colonic polyps and early lesions in Bar-

rett’s esophagus may present in the form of a nodule
or erosion of only a few millimeters in diameter.
Such small macroscopic alterations in the mucosal
topography may be detected by high-resolution en-
doscopy (Plate 15.2a,b; color plate section falls be-
tween pp. 148-9). Early neoplasia may not be readily
visible macroscopically. Rather, it may be in the form
of irregularities in the microscopic superficial struc-
tures that are only visible with optical magnification.
With magnification endoscopy, therefore, detailed
close-up inspection may aid in detecting abnormali-
ties confined to the mucosal and vascular (micro)
structures (Plate 15.3; color plate section falls be-
tween pp. 148-9).

Using magnitying endoscopy to investigate large
surface areas may be laborious and not optimally ef-
fective because it entails investigating the entire area
using the magnifying mode and overview of the
segment may be lost. Magnification may, however,
also be used for detailed inspection of an already
suspected lesion. It is known that, in the colon, the
type of mucosal pattern is a useful diagnostic tool for
identification of precancerous polyps by means of
magnifying endoscopy with or without dye-staining
[3]. More recently, similar approaches have been
evaluated in Barrett’s esophagus. However, while
there is a widely accepted mucosal pattern classifica-
tion in the colon, there is no consensus yet in the
classification and clinical relevance of mucosal
patterns in Barrett’s esophagus.

Generally, if used for mucosal and vascular pattern
diagnosis, magnifying endoscopy may be a useful ad-
junct to high-resolution endoscopy and other tech-
niques, such as autofluorescence endoscopy, thatare
associated with high sensitivity for early lesions but
suffer from low specificity. Using magnitying en-
doscopy for a close-up detailed inspection of areas
deemed to be suspicious with such techniques may
raise the specificity of endoscopic detection of early
lesions by excluding false positive lesions [4]. Magni-
fying endoscopy can also be useful for the detailed
inspection of lesions including accurate delineation
of lesion margins prior to endoscopic mucosal
resection [5].
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What Techniques can Enhance High-
Resolution/Magnifying Endoscopy?

High-resolution/magnifying endoscopy can be
combined with staining techniques (i.e. chromoen-
doscopy) in order to achieve a better visualization of
the surface details. In the setting of Barrett’s esopha-
gus, aceticacid and indigo carmine are the most used
staining agents for contrast enhancement. Plate
15.4a—d (color plate section falls between pp. 148-9)
shows examples of magnified images of the same
area taken by different techniques in Barrett’s
esophagus. Methylene blue has also been used in
Barrett’s esophagus but mainly in combination
with standard endoscopes and less so with high-
resolution/magnifying endoscopy. Recently, an
optical contrast-enhancement imaging technique
known as narrow band imaging has been developed
as a potential alternative to using staining agents [6].

Acetic Acid Chromoendoscopy

Acetic acid, the shortest-chain fatty acid, is a weak
acid with a pK of 4.8. When sprayed on the mucosal
surface, acetic acid interacts with the superficial gly-
coproteins of the mucosa, predominantly cytoker-
atins. Due to a change in the pH, the disulfide bonds
of these molecules undergo reversible breakdown
with subsequent alteration in the tertiary (spatial)
structure of these proteins [7]. This configuration
change leads to a whitish discoloration of the epithe-
lium (i.e. acetowhite reaction). The acetowhite reac-
tion enhances visualization of mucosal patterns
(pits, grooves and epithelial folds) but it also increas-
es the opacity of the surface and thus masks the vas-
cular network. In addition, the mucolytic action of
acetic acid further improves visualization of the mu-
cosal details.

Aceticacid hasbeen used since decades for neopla-
sia detection in the genitourinary tract (cervical in-
traepithelial neoplasia) [8]. This approach has only
recently been introduced in gastrointestinal en-
doscopy. A small amount (~10mL) of a dilute solu-
tion of acetic acid (1-2%) is applied on the mucosal
surface by means of a spray catheter (Plate 15.5;
color plate section falls between pp. 148-9). The ace-
towhite effect can immediately be observed (Plate
15.4d; color plate section falls between pp. 148-9).

Excessive acid application may lead to localized
bleeding that may hamper further inspection.

So far, two studies have reported on the use of
acetic acid chromoendoscopy (AAC) in combination
with magnifying endoscopy in Barrett’s esophagus.
Both studies concentrated on the detection of the
mucosal patterns that may correlate with intestinal
metaplasia and did not evaluate areas with dysplasia.
Guelrud et al. used high-resolution endoscopy
(GIF-200Z, Olympus America Inc.,, Melville, NY;
maximum magnification 35-fold) with acetic acid
enhancementin 49 patients with short segment Bar-
rett’s esophagus (<3 cm) without dysplasia [9]. After
review of the mucosal patterns in 129 areas they
identified four different patterns: (i) round pits; (ii)
circular or oval reticular pits; (iii) fine villous appear-
ance without pits; and (iv) ridged convoluted pat-
tern. High-resolution endoscopy alone identified
mucosal patterns in 38% of the examined areas.
Contrast enhancement with acetic acid revealed a
mucosal patternin all 129 areas. In this study, intesti-
nal metaplasia could be detected in 0%, 11%, 87 %,
and 100% in patterns one to four, respectively, sug-
gesting that intestinal metaplasia is mainly charac-
terized by a fine villous or ridged mucosal pattern.

Toyoda et al. assessed the value of magnifying
endoscopy with AAC (1.5%) for the detection of
intestinal metaplasia in the distal esophagus and
esophagogastric junction in patients undergoing
routine upper endoscopy [10]. The mucosal patterns
were classified into three types: (i) normal pits
corresponding to gastric-body type mucosa; (ii) slit-
reticular pattern, corresponding to gastric cardia
mucosa; and (iii) gyrus-villous pattern associated
with intestinal metaplasia. The diagnostic value of
the type three pattern for intestinal metaplasia in
targeted biopsy specimens was as follows: sensitivity
89%, specificity 90%, positive predictive value 85 %,
negative predictive value 92%, and an overall
accuracy of 90% [10].

Indigo Carmine Chromoendoscopy

Indigo carmine is a non-vital staining agent, i.e. it is
not absorbed by the mucosal cells, but accumulates
in the pits and grooves along the epithelial surface,
thus highlighting the superficial mucosal architec-
ture (Plate 15.4¢; color plate section falls between pp.
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148-9). Its application is relatively simple and can
be combined with high-resolution/magnitying en-
doscopy. Typically, a solution of 0.4% is sprayed on
the mucosal surface using a spray catheter. The dis-
tribution of the dye is affected by gravity and may
therefore be uneven, making the left lateral side of
the esophagus (i.e. 6 o’clock in the field of view) dif-
ficult to evaluate (Plate 15.6; color plate section falls
between pp. 148-9). Excess dye can be immediately
aspirated and multiple sprayings and aspirations
may be necessary for optimal results.

Sharma et al. have demonstrated the feasibility of
mucosal pattern detection in Barrett’s esophagus by
using indigo carmine chromoendoscopy (ICC) in
combination with high-resolution/magnifying en-
doscopy [11]. They found three types of mucosal
patterns within the columnar mucosa: (i) ridged/
villous; (ii) circular; and (iii) an irregular/distorted
pattern. Intestinal metaplasia was found in regular
ridged/villous (89%, 24 of 27) and circular patterns
(33%, three of nine). Six patients had an
irregular/distorted pattern and all had high-grade
dysplasia on the corresponding biopsies leading to a
100% identification of high-grade dysplasia based
on the distorted irregular mucosal pattern. Eight pa-
tients had low-grade dysplasia on target biopsy; all
had the ridged/villous pattern, hence identifying
low-grade dysplasia was not possible since areas with
low-grade dysplasia appeared similar to those with
non-dysplastic intestinal metaplasia. These results
suggest that magnifying endoscopy with ICC may be
used for the detection and follow-up of high-grade
dysplasia, but not for low-grade dysplasia.

Methylene Blue Chromoendoscopy
Methylene blue is a vital stain, i.e. it is taken up into
the cytoplasm of actively absorbing epithelia and not
bynon-absorbing epithelia. Methylene blue is there-
fore absorbed by intestinal epithelia but not by squa-
mous or gastric tissue. For Barrett’s esophagus, areas
with intestinal metaplasia show a homogenous dark
staining pattern, while dysplasia/cancer may reveal
irregular (heterogeneous) staining pattern or re-
main unstained. In expert hands, however, methyl-
ene blue chromoendoscopy (MBC) has been
conducted successfully with a reported average pro-
cedure time prolongation of 6-7 min in ran-domized
studies conducted by expert endoscopists [12,13].

In Barrett’s esophagus, MBC has mainly been used
with standard endoscopy for topographical detec-
tion of staining patterns [12-15]. Details can be
found in a previous chapter. In one study, however,
this technique was combined with high-resolution
endoscopy/magnifying endoscopy for the detection
of the mucosal patterns that correspond to intestinal
metaplasia. In this study, Endo et al. reported the use
of high-resolution endoscopy (GIF Q240Z, Olympus
Optical Co., Ltd., Tokyo, Japan; maximum magnifi-
cation 80-fold) followed by methylene blue staining
in 30 Barrett’s esophagus patients [16]. They identi-
fied five different mucosal patterns: (i) small round
pits; (ii) straight lines; (iii) long oval pits; (iv) tubular
(gyrus-like) pattern; and (v) villous projections. All
tubular or villous areas contained intestinal meta-
plasia. Round pits and straight lines corresponded
to gastric fundic type epithelium. In addition,
the tubular and villous areas showed absorption
of methylene blue, whereas this was lacking
in areas with small round pits and/or straight
lines.

Narrow Band Imaging
Narrow band imaging (NBI) is a novel endoscopic
technique that combines high-resolution/magnify-
ing endoscopy and mucosal contrast enhancement
without the use of dye spraying. NBI is based on the
phenomenon that the depth of light penetration de-
pends on its wavelength: the longer the wavelength
the deeper the penetration. Blue light penetrates
only superficially, whereas red light penetrates into
deeper layers. The prototype NBI-system (Olympus,
Tokyo, Japan) uses ared, green, blue (RGB) sequen-
tial endoscopy system containing special NBI RGB-
filters with narrowed RGB band-pass ranges,
increased relative contribution of blue light, and di-
minished contribution of red light. NBI in combina-
tion with high-resolution/magnifying endoscopy
has the ability to reveal the superficial details of the
luminal esophageal surface without the need for dye
spraying. Plate 15.7a,b (color plate section falls be-
tween pp. 148-9) shows a comparison between
images of Barrett’s mucosa taken with white light
endoscopy and those taken with NBI.

Recently, preliminary reports have suggested that
NBIimproves the recognition of mucosal and vascu-
lar patterns in Barrett’s esophagus. Kara ef al. have



High-Resolution/Magnifying Endoscopy in Barrett’s Esophagus 153

found that magnified images taken by high-
resolution endoscopy-NBI are superior to those
taken by high-resolution endoscopy alone in reveal-
ing details of the mucosal patterns [17]. In this ongo-
ing study, the preliminary observation was that the
mucosal and vascular patternsin Barrett’s esophagus
obtained by NBI could be classified into two main
groups: regular and irregular patterns (Plate 15.7a,b;
color plate section falls between pp. 148-9). High-
grade dysplasia and early cancer are predominantly
found in the irregular patterns [17]. Sharma et al.
have reported preliminary results of NBI in 24 pa-
tients with Barrett’s esophagus [18]. They found that
all patients with intestinal metaplasia had a fine cap-
illary pattern and a ridge/villous pattern (sensitivity
100%, specificity 80%) whereas all high-grade dys-
plasia patients had an abnormal capillary pattern (in-
creased number, tortuous, dilated, corkscrew type).
Low-grade dysplasia patients had a similar pattern as
intestinal metaplasia. All patients with long segment
Barrett’s esophagus had areas with intestinal meta-
plasia identified, whereas 10 of 12 (83%) patients
with short segment Barrett’s esophagus were
identified with NBI as having intestinal metaplasia.
Another study from Japan has confirmed some of
these findings in a limited number of patients [19].
From these preliminary reports it can be concluded
that NBI has the ability of surface mucosal and
vascular pattern recognition without the need for
chromoendoscopy. It provides a detailed image of
the capillary and mucosal patterns in Barrett’s
esophagus and may be a useful clinical tool for the
detection of intestinal metaplasia and high-grade
dysplasia.

What Dye or Technique to Use?

With the wide range of techniques available for de-
tailed endoscopic inspection of Barrett’s esophagus
and a relative lack of well-conducted studies in this
field, it is not possible to give an evidence-based ad-
vice as to which technique is superior. ICC is easy to
use but it may be hampered by unequal distribution
of the dye over the mucosal surface necessitating
multiple sprayings and aspirations. AAC is easier to
apply and to interpret since pooling of “the dye” does
not obscure visualizing the underlying mucosa as
with indigo carmine. The opacity caused by acetic

acid, however, masks the superficial blood vessels
making a comprehensive and accurate diagnosis of
the vascular morphology difficult. MBC is also
operator-dependant and associated with conflicting
results when used in an overview mode with
standard endoscopes [12-15,20-22]. Methylene
blue application has also been recently reported to
increase the genetic damage in Barrett’s esophagus
when followed by tissue exposure to endoscopic
light [23]. Based on these practical and safety consid-
erations, we prefer and recommend the use of indigo
carmine for performing chromoendoscopy for
contras-enhancement in Barrett’s esophagus.

NBI has the advantage of high magnification
imaging of the surface details without the need for
dye staining. Using NBI is operator-friendly and may
save time. Instant switching between standard white
light endoscopy and NBI requires only a touch of a
button. NBI also has the advantage of showing the
superficial vascular bed lining the esophageal mu-
cosa since blue light achieves a higher contrast for
blood vessels than white light owing to absorption of
blue light by hemoglobin. As shown by recent pre-
liminary reports, these vascular patterns can be
ditferent in different histological states. The combi-
nation of mucosal and vascular pattern diagnosis
may eventually prove to be an accurate endoscopic
tool that may help target biopsies to areas with
suspicious superficial morphology. However, NBI is
stillin the form of a proto-type available only to a few
academic centers around the world. Meanwhile,
magnification chromoendoscopy with indigo
carmine may be the best alternative.

Remarks and Future Perspective

Visualization of the fine surface structure of the mu-
cosais an attractive approach to enhance endoscopic
diagnosis. Particularly in Barrett’s esophagus, which
harbors various histopathological subtypes, endo-
scopists are struggling to distinguish these subtypes
using standard techniques. The mucosal patterns in
Barrett’s esophagus can be seen by chromoen-
doscopy and high magnification. Studies have al-
ready shown that there are different mucosal
patterns present in Barrett’s esophagus as there is a
mosaic of histological subtypes. There is already evi-
dence that certain patterns as detected by magnify-
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ing chromoendoscopy are associated with intestinal
metaplasia or high-grade dysplasia.

Studies using magnifying chromoendoscopy for
mucosal pattern diagnosis in Barrett’s esophagus
have suffered from three major limitations. First,
these studies concentrated on the distinction be-
tween normal gastric-type mucosal patterns and
those corresponding with intestinal metaplasia. Less
attention was given to the mucosal pattern appear-
ance of dysplasia especially high-grade dysplasia,
which may be more relevant from a clinical perspec-
tive. Second, there is as yet no consensus on the ter-
minology and classification of mucosal patterns.
Third, the proposed classifications are difficult to re-
produce and interpret because they depend on de-
tecting minute differences in the sizes and shapes of
the mucosal pits and ridges. This may reduce inter-
observer agreement as suggested in a recent study
conducted in Germany [24].

Future studies should focus on developing and
testing objective criteria for interpretation of these
surface features. For clinical relevance, the pri-
mary focus should be on finding and validating
criteria that differentiate between dysplastic and
non-dysplastic tissues. Since NBI is an optical
technique that appears less operator dependant
than staining techniques, it may offer a better
platform for objective interpretation and interob-
server studies.

Prospective clinical studies comparing the various
chromoendoscopic techniques with each other and
with NBI may shed a light on the real clinically
relevant strengths and weaknesses of each tech-
nique. In arecent randomized crossover study, high-
resolution endoscopy was shown to have a relatively
high sensitivity (~80%) for high-grade dysplasia and
early cancer in high-risk patients attending a tertiary
referral center. The lesions were detected using the
overview mode of the high-resolution endoscope
without the use of ICC or NBI (unpublished data).
ICC and NBI were found to be useful in detecting a
limited number of additional lesions with high-grade
dysplasia or early cancer that were occult to high-
resolution endoscopy alone. ICC and NBI were also
found to improve the detailed inspection and delin-
eation of lesions. This suggests that these techniques
in combination with magnitying endoscopy may be

more suitable for targeted inspection of areas of in-
terest with the Barrett’s segment. A more appropri-
ate indication is maybe to combine these techniques
with magnifying endoscopy for detailed examina-
tion of the mucosal and vascular patterns of suspi-
ciousareas thathasbeen detected by high-resolution
endoscopy. This may confirm the suspicion for
dysplasia and help in precise targeting of biopsies
to the most suspicious areas. These techniques
can also be used prior to endoscopic mucosal
resection for more accurate delineation of lesion
margins.

Summary

High-resolution endoscopes that contain CCDs with
a high number of pixels are currently available.
These endoscopes may be used for the early detec-
tion of minute mucosal lesions in Barrett’s esopha-
gus. Magnifying endoscopy may further enhance
the efficacy of high-resolution endoscopy. Magnify-
ing endoscopy enables the detection of abnormali-
ties of the surface mucosal and vascular pattern, thus
enabling the distinction of early abnormalities that
may accompany neoplastic transformation. Chro-
moendoscopy with various staining agents may en-
hance the surface structures and can be used with
magnifying endoscopy. As yet, these techniques
have only been used in a limited number of studies
that focused mainly on the classification of “benign”
mucosal patterns, i.e. the distinction between gas-
tric-body, gastric cardia, and intestinal metaplasia.
Chromoendoscopic techniques suffer from being
labor-intensive and operator-dependant for optimal
results. NBIis a new optical technique that enhances
the mucosal and vascular patterns without dye
spraying. This technique seems to be promising and
preliminary studies have demonstrated that areas
with high-grade dysplasia have distinct mucosal and
vascular patterns. Future studies should focus on
creating a clinically relevant classification of the mu-
cosal and vascular patterns in Barrett’s esophagus in
order to distinguish between dysplastic and non-
dysplastic patterns. Prospective studies should be
conducted to compare the various techniques in
order to determine the optimal setting for each
technique.
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Abstract

Screening and surveillance of Barrett’s esophagus
may prevent esophageal adenocarcinoma by detect-
ing precursor lesions. In most cases, however, dys-
plasia is invisible to the eye of the endoscopist.
Therefore, surveillance requires extensive random
biopsies and histologic examination of the excised
tissue for dysplasia. This biopsy strategy has several
limitations including sampling errors, increased time
and cost of endoscopy, and limited reliability of
histological interpretation of dysplasia. Spectroscop-
ic methods have the potential to overcome many of
these limitations by rapidly and safely evaluating
wide regions of tissue for dysplasia without required
excision of the tissue and providing a way to quant-
ify cellular and molecular changes associated with
neoplasia.

The basis of spectroscopy is to objectively quantify
the color and brightness of light and use this infor-
mation to detect changes within the mucosa that are
too subtle to be appreciated by the naked eye. In ad-
dition, spectroscopic analysis can extract informa-
tion that is outside the visible range including
measurement of nuclear size, morphology, and den-
sity. Most spectroscopic techniques are initially de-
veloped and tested using optical fiber-probes. These
probes have several advantages including ease of
passage through the accessory channel of standard
diagnostic endoscopes and highly predictable geom-
etry between fibers, which provide the source of
light, and those that deliver collected light to the de-
tector. These factors make point-probes highly suit-
able for research and technology development;
however, they are limited by the small surface area
they examine at the tip of the probe. Methods devel-
oped with fiber-probe technology can usually be
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translated into broad-area imaging systems compat-
ible with current video-endoscopes.

Although many types of spectroscopy have been
applied for examining gastrointestinal disease, the
four that have been used for examining dysplasia are
fluorescence spectroscopy, reflectance spectroscopy,
Raman spectroscopy and light-scattering spec-
troscopy (LSS). Fluorescence spectroscopy is based
on the principle that certain molecules of gastroin-
testinal cells called fluorophores emit light of one
wavelength (color) when stimulated by light of an-
other wavelength. The term autofluorescence refers
to the detection of endogenous molecules (fluo-
rophores) that have the ability to fluorescence when
stimulated with a certain wavelength of light. Fluo-
rescence can also be stimulated by giving exogenous
fluorophores; typically porphyrin compounds or
their precursors. Dysplasia can be distinguished from
normal or inflamed tissue based on differential con-
centrations (and thus spectra) of fluorphores such as
porphyrins, collagen, nicotinamide adenine denu-
cleotide (NADH) and flavine adenine dinucleotide
(FADH), which are either increased or decreased in
concentration in the setting of dysplasia.

Reflectance spectroscopy quantifies the color
(wavelength) and intensity of reflected light. Unlike
fluorescence spectroscopy, the reflected light always
maintains the same wavelength although it differsin
the degree of absorption and reflection. The spec-
trum of reflected lightis altered by the tissue through
absorption of certain wavelengths, most notably he-
moglobin; thus providing information of vascularity
and oxygenation status.

LSS measures the extent to which photons of light
are scatterered by structures they encounter. Dense
objectsin the cell scatter light to different degrees de-
pending on the size, density, and number of the ob-



ject (such as a nucleus) and the wavelength of
light used. Based on mathematical modeling, LSS
is capable of determining the size, density, and num-
ber of objects (such as nuclei) in epithelium and clas-
sifying dysplasia based on standard histological
patterns of nuclear morphology and crowding. The
ability to characterize dysplastic and non-dysplastic
tissue is further improved by combining these
three spectroscopic techniques (called trimodal
spectroscopy).

Raman spectroscopy is one of the most recent
techniques for evaluating dysplasia. Raman is based
on detecting characteristic spectral “fingerprints” of
molecules in the tissue based on how the molecules
vibrate in response to light energy. The technique is
very powerful in that almost all molecules give off
some Raman spectra. Unfortunately, the Raman sig-
nal is very weak and can only be detected with very
sensitive and precise instrumentation but offers sig-
nificant promise for future development.

Promising clinical results demonstrate the ability
of spectroscopic techniques to provide useful infor-
mation for disease classification in a non-invasive
manner. Although spectroscopic techniques have
advanced substantially from their initial in vitro and
animal studies, there remains much work to be done
before these systems can be integrated into routine
endoscopy. Point-probe technology continues to be
a highly useful system for understanding the interac-
tion of light and tissue, and developing algorithms
for detecting disease. As these methods are devel-
oped, they can be adapted to more clinically suitable
techniques such as broad area spectroscopy and
imaging.

Introduction

The incidence of esophageal adenocarcinomas in the
USA hasbeen rising since the 1970s. Barrett’s esoph-
agus as a premalignant lesion is recognized in the
majority of cases of adenocarcinomas of the esopha-
gus and esophagogastric junction. A common
phenotype of esophageal adenocarcinomas and all
epithelial cancers is the progression from normal
mucosa, through a stage of dysplasia, to cancer. In
the last three decades, diagnostic gastrointestinal en-
doscopy has undoubtedly altered the approach to
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precancerous and cancerous lesions of the gastro-
intestinal tract. There is strong evidence that
endoscopic screening and surveillance can prevent
gastrointestinal cancer by detecting precursor le-
sions of cancer. Three difficulties arise in the clinical
diagnosis of dysplasia. Firstly, in many cases dyspla-
sia is invisible to the eye of the endoscopist and
endoscopic detection is largely dependent on the
recognition of gross architectural changes like nodu-
lar lesions. Abnormalities of a microscopic nature,
such as dysplasia in Barrett’s esophagus, are usually
unrecognizable by macroscopic inspection. There-
fore, surveillance in these situations requires exten-
sive random biopsies and histologic examination of
the excised tissue for dysplasia. This biopsy strategy
may overlook areas of dysplasia and is limited by
sampling errors. Secondly, dysplastic changes within
visible lesions can usually not be distinguished
endoscopically from the surrounding non-dysplastic
tissue. Histologic evaluation of biopsy specimens is
required for accurate diagnosis of these lesions as
well. Reliance on histology imposes a time delay
between endoscopy and diagnosis, severely limiting
the diagnostic accuracy of the endoscopic procedure
since suspicious sites cannot be oversampled or
treated at the time of endoscopy. Thirdly, there is also
significant interobserver disagreement between
pathologists in diagnosing dysplasia [1,2].

New optical methods have the potential to over-
come many of these limitations by rapidly and safely
evaluating wide regions for dysplasia without
requiring excision of the tissue. Spectroscopy, the
analysis of the wavelength (color) and intensity
(brightness) of light, is one of these new emerging
techniques. It can objectively quantify the color and
brightness of light and uses this information to detect
changes within the mucosa that are too subtle to be
appreciated by the naked eye as well as evaluate
wavelengths of light outside the visible range (in-
frared and ultraviolet). A great advantage of spec-
troscopic measurements is that they can be
implemented in vivo, thus providing information
about tissue in its native state, free of distortion
introduced by tissue excision and processing.
Therefore, spectroscopic techniques can be used to
provide information about tissue morphology and
biochemistry.
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There are primarily two methods for measuring
tissue fluorescence during endoscopy. Most spectro-
scopic techniques are initially developed and tested
using optical fiber-probes. These probes have several
advantages including ease of passage through the ac-
cessory channel of standard diagnostic endoscopes
and highly predictable geometry between fibers,
which provide the source of light, and those that de-
liver collected light to the detector. These factors
make point-probes highly suitable for research and
technology development; however, they are limited
by the small surface area they examine at the tip of
the probe. To overcome these limitations, fluores-
cence imaging systems were developed with the ad-
vantage of the visualization of a much larger surface
area of the mucosa.

Technology

Limitations of Standard Endoscopy

and Histopathology

Endoscopicdetection of dysplasia relies on the recog-
nition of visible lesions or random sampling of tissue
(biopsy), as in the case of Barrett’s esophagus. En-
doscopy alone can neither reliably detect regions of
invisible or flat dysplasia nor distinguish dysplasia
from non-dysplastic changes within visible lesions.
Histological examination of the excised material is
required to diagnose and locate dysplasia. Random
biopsy techniques are subject to sampling errors and
increased risk because of long procedure time and
multiple biopsy sites.

Although the microscopic examination of tissue
remains the gold standard for pathologic assessment,
itis not without its limitations. Histopathologic diag-
nosis of dysplasia often relies on the observation of
particular features of the overall tissue morphology
and of the morphometry of specific cellular or-
ganelles, such as the nucleus. The nuclei become en-
larged, crowded and hyperchromatic. Normal nuclei
have spheroid shape with a characteristic size in the
range 4-7um. In precancerous and cancerous tis-
sues, the cells proliferate and their nuclei can be-
come as large as 20 um, occupying almost the entire
cell volume. Although the gross and microscopic ap-
pearance of dysplasia in different organs and differ-
ent types of epithelium can vary significantly, these
nuclear morphological features are common to all

types of epithelial dysplasia. Based on these features,
lesions are categorized as non-dysplastic, indefinite
for dysplasia, or low-grade dysplasia (LGD) or high-
grade dysplasia (HGD) [3]. The histopathologic diag-
nosis of dysplasia is problematicbecause there is poor
interobserver agreement on the classification of a
particular specimen, even among expert gastroin-
testinal pathologists [1,2]. One reason for such vari-
ation may be the subjective nature of determining
increased nuclear size, nuclear crowding, or archi-
tectural disorganization [3].

The biochemical changes that take place during
the development of neoplastic lesions are not typi-
cally considered during histopathologic diagnosis,
since the cutting and processing of tissue before ex-
amination likely alters its biochemical state. As a re-
sult, potentially significant information is lost in this
type of analysis.

New Techniques for Detecting
Dysplasia—Optical Biopsy
When performing endoscopy, light emitted from the
endoscope’s light source is reflected back from the
luminal gastrointestinal tract to optical fibers or
charged-coupled devices (CCDs, i.e. CCD video-
chips) and projected onto video-monitors. During
each procedure, the endoscopist can evaluate indi-
rectly the color and brightness of the gastrointestinal
tract and thereby distinguish normal mucosa from
abnormal tissue. Spectroscopy follows the same
principle by objectively quantifying the color and
brightness of light. This information can be used to
detect changes within the gastrointestinal mucosa
that are too fine to be noticed by the normal eye. Be-
cause of its ability to make histological-like charac-
terizations of tissue by using light, spectroscopic
techniques have been referred to as “optical biopsy.”
Although spectroscopy is unlikely to replace tissue
biopsy anytime soon, many aspects of spectroscopy
offer advantages over standard histopathology. By
providing a more quantitative measure of features,
such as nuclear size and number, or changes in
collagen, porphyrin or tryptophan concentrations,
spectroscopy may enhance the current qualitative
measures used in pathologic diagnosis. Different
spectroscopic techniques can be used to provide in-
formation about tissue biochemistry and oxygena-
tion. The ability to extract in vivo information about



specific biochemical changes that take place during
the development of neoplasia could provide a rich
source of diagnostic information, and further our
understanding of some of the basic processes in-
volved. In addition, spectroscopic analysis during
endoscopic procedures has the potential to
overcome the limitations of sampling error by direct-
ing the endoscopist to biopsy areas of the gastroin-
testinal mucosa that are most likely to contain
dysplasia.

Interaction Between Light and Tissue

Light of any source directed towards a mucosal sur-
face may undergo one of the following interactions
based on the physical properties of light and tissue:
(a) reflection by the tissue, as it occurs when the en-
doscopist visualizes the mucosa by fiberoptic or
video-endoscopy; (b) absorption by the tissue and
conversion to another form of energy such as heat;
or (c) absorption by the tissue and re-emission as an-
other wavelength (color) oflight. This last propertyis
referred to as fluorescence. Finally photons of light
can be scattered within the tissue and return (termed
“backscattering”) or they can be transmitted through
the tissue. The time required for a photon to contact
the tissue and return to a collecting device can be also
measured, allowing two-dimensional (or tomo-
graphic) details to be elicited. Lastly, photons of light
cause most tissue molecules to vibrate, thus trans-
ferring some energy to the molecules and reducing
the energy and wavelength of the light; hence the
Raman shift. Many of the properties of light-tissue
interaction can be exploited to infer tissue character-
istics or create anatomic images during endoscopic
procedures.

Types of Spectroscopy

Although many types of spectroscopy have been
applied for examining gastrointestinal disease, the
ones that have been used for examining dysplasia are
point-probe spectroscopy with diffuse reflectance
spectroscopy, laser- or light-induced fluorescence
spectroscopy, light-scattering spectroscopy (LSS),
and fluorescence imaging.

Point-Probe Spectroscopy
Diffuse Reflectance Spectroscopy
Reflectance spectroscopy measures quantitatively
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the color and intensity of reflected light. Unlike
autofluorescence spectroscopy, the reflected light
always maintains the same wavelength, although
ditferented wavelengths are absorbed and reflected
to different degrees. A typical example is provided
by hemoglobin. When illuminated with white
light, oxygenated hemoglobin absorbs much of the
blue light, and reflects back only the red light, give
blood its characteristic color (Fig. 16.1). De-oxy-
genated hemoglobin absorbs a higher degree of red
light, thus appears bluer when illuminated with
white light. Reflectance spectroscopy thus provides
information about tissue hemoglobin concentra-
tions and oxygenation status, of interest because
ot the property of malignant tissue to promote
angiogenesis.

Laser- or Light-Induced Fluorescence Spectroscopy

All tissues exhibit endogenous fluorescence (auto-
fluorescence) when exposed to light of a certain
wavelength. Fluorescence spectroscopy is based on
the principle that certain molecules of gastrointesti-
nal cells, called fluorophores, emit light when stimu-

Hgb absorption

<«— HgbO, absorption

A Wavelength

Fig. 16.1 Reflectance spectra. Diffuse white light has an
equal intensity of each color in the visible spectrum. When
white light encounters tissue, some wavelengths are ab-
sorbed and others are reflected. Hemoglobin (Hbg) is the
most significant absorber of light, creating the “dips” seen
in this figure due to absorption of blue light by oxygenated
hemoglobin. This gives blood its characteristic red color
(white light less the blue component). Key: solid line,
predicted by mathematical model; dashed line, actual
reflectance spectrum.
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Table 16.1 Fluorescence characteristics of endogenous
fluorophores.

Peak excitation Peak emission

Fluorophore (nm) (nm)
NADH 340 470
FADH 460 520
Collagen 335 390
Porphyrin 390 630-680
Elastin 285 350
Tryptophan 305 340

FADH, flavine adenine dinucleotide; NADH, nicotinamide
adenine denucleotide.

lated by light (excitation). During this process energy
is transferred to the molecule, hence the wavelength
of the emitted light is longer (lower energy) than the
excitation wavelength. Among the most relevant
fluorophores in the gastrointestinal tract are the re-
duced form of nicotinamide adenine denucleotide
(NADH), flavine adenine dinucleotide (FADH), col-
lagen, porphyrins, and tryptophan. Each of these
fluorophores has its characteristic excitation and
emission spectrum (Table 16.1). The success of auto-
fluorescence spectroscopy as a technique for detect-
ing dysplastic changes is based on the observation
that the development of dysplasia is accompanied by
modification in the biochemical composition of tis-
sue and consequently changes of the concentration
of certain fluorophores. Autofluorescence of tissue is
induced by monochromatic light, mostly generated
by lasers, or by filtered white light.

In contrast to endogenous fluorophores which
give off a weak signal, exogenous fluorophores, such
as porphyrin compounds, can be administered topi-
cally or intravenously to enhance the fluorescence
effect. Exogenous fluorophores are specifically re-
tained in neoplastic tissue and exhibit an induced
fluorescence signal of much higherintensity. Among
different sensitizers, porphyrins have been best stud-
ied for application in fluorescence spectroscopy.
Porphyrins are products of the heme biosynthetic
pathway. The major limitation of exogenous sensiti-

zation with porphyrins is their photosensitizing
property with prolonged skin photosensitivity.
Newer agents with shorter half-life are more promis-
ing (e.g. 5-aminolevulinicacid [5-ALA]J).

One major difficulty in measuring fluorescence
spectra is the background generated by scattering
and absorption. To remove these distortions, some
investigators analyze the fluorescence spectra in
combination with information from the correspond-
ing reflectance spectra, which allows “subtraction”
of this background to leave “intrinsic fluorescence”
[4]. The success of this simple model is predicated
on the fact that fluorescence and reflectance
spectra collected from a specific site using the same
light delivery/collection geometry undergo similar
distortions. By extracting the intrinsic (undistorted)
tissue fluorescence, changes in tissue biochemistry
can be isolated in a more sensitive and specific
manner.

Multiexcitation Fluorescence Spectroscopy

Different fluorophores are excited by different
wavelengths of light. The optimal excitation wave-
length for detecting dysplasia and discriminating
dysplasia from non-dysplastic or normal mucosa re-
mains unknown. A significant technical advance in
fluorescence spectroscopy was made with the devel-
opment of a fast multiexcitation system capable of
exciting the tissue with up to 11 different wave-
lengths in less than 1 s [4,5]. The excitation light
source of this rapid multiexcitation system pumps 10
dye cuvettes precisely mounted on a rapidly rotating
wheel. In this manner, 11 different excitation wave-
lengths are obtained and delivered to the optical
fiber-probe. The researchers are now able to collect a
wide array of fluorescence spectra and determine the
optimal excitation wavelength or combination of
wavelengths.

Time-Resolved Fluorescence Spectroscopy

In addition to specific excitation and emission wave-
lengths, different fluorophores fade or decay their
fluorescence at different rates. Hence, the difference
between normal and abnormal tissue can be en-
hanced by measuring fluorescence at different times
(often measured in nanoseconds) after excitation.
This technique, termed “time-resolved fluores-



Fig. 16.2 (a) Light-scattering spec-
troscopy (LSS) in patients with Bar-
rett’s esophagus. Each point represents
a single biopsy site. The number of nu-
clei and percentage of enlarged

(>10 um) is plotted. The color indicates
the consensus pathological diagnosis.
The graph demonstrates that LSS can
accurately detect dysplasia by the fact
that dysplastic sites have increased
number and size of nuclei (upper right
corner) compared to non-dysplastic
sites (lower left corner). Key: (#) nor-
mal histological diagnosis; (=) indefi-
nite histological diagnosis; (M)
dysplasia. Reproduced with permission
from Wallace et al. [9]. (b) The same
principal can be applied to detect dys-
plasia at other sites such as the colon,
bladder, and oral cavity.Key: (@) no
dysplasia; (O) dysplasia or CIS. Repro-
duced with permission from Backman
etal. [8]
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cence,” hasbeen used to increase the accuracy of de-
tecting dysplasia in Barrett’s esophagus [6].

Light-Scattering Spectroscopy

Light propagation in tissue is governed by scattering
and absorption. LSS measures the extent to which
the angular path of photons of light is altered by
structures (scatterers) they encounter. Like a steel
ball in a pinball machine, photons encounter many
structures in their way and bounce forward, back-
ward, up, down, and sideways. The scattering in tis-
sue depends on the scatterer’s size, the number of the
scatterers, and the wavelength of the incident light.
The primary scattering centers are thought to be the
collagen fiber network of the extracellular matrix,

the mitochondria, cell nuclei, and other intracellular
structures. By mathematical modeling, the number,
size, and optical density of cellular structures (such
as nuclei), can be determined by measuring the dif-
fuse reflected light from epithelial surfaces [7]. This
phenomenon has been exploited during endoscopic
procedures to determine the number of nuclei, the
size of nuclei, and the degree of crowding of nuclei in
patients with dysplastic changes in Barrett’s esopha-
gus, colon polyps, bladder, and oral cavity [4,8,9]
(Fig. 16.2). These studies have demonstrated that
light scattering can accurately measure nuclear size,
detected increased nuclear size and variability in
dysplasia, and accurately and reliably characterize
different grades of dysplasia with less interobserver
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variability than routine pathology. Unlike fluores-
cence, LSS uses a broad range of light, such as white
light, to detect changes over the entire visible
spectrum.

Trimodal Spectroscopy

Reflectance spectroscopy, laser-induced autofluo-
rescence spectroscopy, and LSS provide quantitative
information that characterizes either biochemical or
morphological aspects of tissue that can be signifi-
cantly altered during the development of neoplasia.
The ability to characterize dysplastic and non-
dysplastic tissue isimproved by combining the infor-
mation provided by each of the spectroscopic
techniques, obtained simultaneously with one
system (Plate 16.1; color plate section falls between
pp. 148-9) an approach named trimodal spectroscopy.
When a spectroscopic classification is consistent
with at least two of the three analysis methods,
HGD is identified with very high sensitivity and
specificity.

Raman Spectroscopy

Raman spectroscopy measures the vibration that
light can induce in most molecules in the tissue.
Since some of the light energy is transferred to the
molecule in this process, the light emitted back from
the tissue is reduced in energy and has a longer
wavelength. This “shift” was first described by Dr.
C.V.Ramanin 1928, hence the name. Near-infrared
light is typically used to excite the tissue. There are
several advantages to Raman spectroscopy com-
pared with other methods including: (i) decreased
background signal from the tissue; (ii) less laser-
induced photo-thermal degradation; and (iii) deeper
penetration into soft tissues. Raman spectroscopy
hasrecently been applied to the detection of Barrett’s
associated dysplasia with very promising results
[10]. An excellent review is provided by Wong Kee
Song and Marcon [11].

Fluorescence Imaging

Analogous to point-probe spectroscopy, fluores-
cence imaging (or fluorescence endoscopy) can use
the detection of autofluorescence or exogenous
induced fluorescence. In contrast to point-probe
spectroscopy, fluorescence imaging permits full

inspection of the area at risk. In that way, large areas
of tissue surface are screened in a blue-light modus.
Whenever selective fluorescence of abnormal tissue
(red) appears, optical-guided biopsies can be taken in
the white-light mode. Several endogenous fluo-
rophores can be used to detect specific autofluores-
cence of dysplastic or malignant tissue. They can be
used either systemically (by intravenous injection or
oralingestion) or by applying the solution directly on
Barrett’s mucosa with the help of a special spray
catheter. The advantage of drug-induced fluores-
cence is that the fluorescent signal generated by
these exogenous fluorophores is typically stronger
than autofluorescence and can be detected by sim-
pler and cheaper instruments. Among exogenous
fluorophores, 5-ALA is the most interesting sub-
stance for fluorescence diagnosis. 5-ALA is convert-
ed intracellularly into the photoactive compound
protoporphyrin IX (PPIX). PPIX is associated with a
significantly higher tumor selectivity compared to
other exogenous fluorophores used in fluorescence
imaging (e.g. photophrin) [12]. Furthermore, com-
pared to other exogenous fluorophores skin sensitiv-
ityisreduced to 24-48 h [13,14].

Technical Background of Spectroscopy
Point-Probe Spectroscopy

Spectroscopic systems require an excitation light
source and a detector or spectrometer to analyze the
light that returns from the tissue. Standard desktops
or laptop computers are coupled to the system to
store, analyze, and display the resulting spectra.

Light Sources For reflectance spectroscopy and
LSS, standard white-light lamps, such as Xenon-
flash lamps, are used. For laser-induced autoflu-
orescence spectroscopy, light of a single color
(monochromatic light) is used to excite the tissue.
Monochromatic light is best achieved by laser light,
although light of a narrow range of wavelengths can
also be produced by filtered white light. Some fluo-
rophores, such as collagen, are best excited by ultra-
violet of blue light (337-370nm). Others are better
excited by longer wavelengths (see Table 16.1).
Commonly used lasers in spectroscopy are helium
cadmium lasers (325nm) and nitrogen lasers
(337nm). Using single wavelengths provides only



information regarding specific tissue molecules. A
significant technical advance was made with the de-
velopment of a multiexcitation laser capable of excit-
ing the tissue with up to 11 different wavelengths
(from 337 to 505nm) in less than 1 s (Plate 16.1;
color plate section falls between pp. 148-9). Lasers
used for spectroscopy do deliver very low energies,
so tissue is generally not damaged by the spectro-
scopic investigation.

Optical Fibers Point-probe spectroscopy can ei-
ther use a single optical fiber with a beam splitter to
separate the excitation light from the light returning
from the tissue or abundle of 7-10 optical fibers with
dedicated excitation and collection fibers. The array
of optical fibers in the bundle is typically designed
with a central excitation fiber, which delivers light to
the tissue, surrounded by 6-9 collection fibers that
transmit light back to a detector. An outer plastic
sheath protects the optical fiber. Both ends are usual-
ly polished to reduce internal reflection and light
scattering. The entire apparatus consisting of fibers,
protective sheath, and polished ends is referred to as
an optical probe. These probes are 1-2 mm in diame-
ter, and fit easily through the instrument channel of
standard diagnostic endoscopes.

Detection Devices Alightdetector or spectrome-
ter is used to measure the intensity of the light emit-
ted from the tissue. In order to characterize a broad
array of wavelengths, a grating splits the emission
light from the tissue onto the detector surface. The
detector usually consists of an array of diodes cou-
pled with an optical multichannel analyzer, which
measure the intensity of each emission wavelength.
Because the intensity of the excitation wavelength is
exponentially greater than all other emission wave-
lengths, a filteris used to obscure the signal produced
at the excitation wavelength. For example, if 337 nm
excitation light is used, then the 337nm emission
lightis blocked by the long-pass filter (allows passage
of all longer wavelengths), and all longer wave-
lengths are analyzed.

Fluorescence Imaging
Fluorescence endoscopy is performed with special
endoscopes, which are connected to a light source
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delivering white and blue light. During endoscopy;, it
is possible to easily switch between the conventional
white-light mode and the blue-light mode, permit-
ting a rapid survey of wide areas of the mucosa.
To date, there are two devices commercially avail-
able for the gastrointestinal tract (D-Light; Storz,
Germany, and LIFE-GI Xillix, Canada). Both of
these systems require the use of glass-fiber endo-
scopes. The development of video-endoscopes is un-
derway.

The LIFE-GI system uses blue-light excitation
(400-450nm) provided by a filtered high-pressure
mercury lamp. Fluorescence is picked up by two in-
tensified CCD cameras for detection of selected fluo-
rescence emission bands in the green (490-560nm)
and in the red (630-750nm). The fluorescence in-
formation is processed and displayed as a real-time,
false-color image in which normal mucosa appears
green and abnormal tissue appears red. In a newer
GI-prototype (LIFE Il system) the wavelength ranges
of excitation and fluorescence processing have been
modified [13]. In addition to blue-light illumination,
the tissue is excited simultaneously with red-near-
infrared light. This red-near-infrared reflectance
image serves as reference to correct non-uniform il-
lumination distribution and unequal fluorescence
collection caused by irregular tissue surface and
changing endoscope angles. Preliminary experience
demonstrated better contrast between diseased and
normal tissue.

The D-Light system uses violet-blue-light excita-
tion (375-440nm) provided by a short-arc xenon
lamp. Fluorescence imaging detection makes use of a
special observation filter and a CCD camera with
three channels in the green, red, and blue wave-
length ranges. The main application field of this sys-
tem is photodynamic diagnosis using 5-ALA. The
system can also be modified for use in the autofluo-
rescence diagnosis.

Clinical Results of Spectroscopy

Point-Probe Spectroscopy

Different authors have investigated the use of spec-
troscopy in the detection of neoplastic changes of
the esophagus (Table 16.2 [4,6,9,15-22]). Light-
induced autofluorescence spectroscopy [15,16]
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and laser-induced autofluorescence spectroscopy
[17-20], laser-induced fluorescence spectroscopy
with exogenous fluorophores [21,22], LSS [4,9] and
trimodal spectroscopy [4], and time-resolved fluo-
rescence spectroscopy [6] were evaluated. Early
reports concentrated on the distinction between
normal and cancerous changes of the esophageal
mucosa. More recent studies showed the potential of
spectroscopy in the detection of dysplasia in Barrett’s
esophagus.

Panjehpour ef al. used laser-induced autofluores-
cence with a wavelength of 410nm and could distin-
guish normal esophagus from malignant esophageal
tissue with high accuracy [17]. With the help of a dif-
ferent spectral analysis technique Von-Dinh et al.
could diagnose esophageal malignancy with a high
degree of reliability [20].

The same group of investigators found laser-
induced autofluorescence spectroscopy to be sensi-
tive for the detection of diffuse HGD in Barrett’s
esophagus and adenocarcinoma. However, only
28% of the specimens with LGD and focal HGD were
classified as abnormal by this technique [18].
Mayinger et al. replaced the expensive laser with fil-
tered ultraviolet-blue-light source and showed spe-
cific differences in the emitted autofluorescence
spectra of esophageal carcinoma with normal mu-
cosa [15]. In another study, Bourg-Heckly et al.
demonstrated the ability of light-induced autofluo-
rescence to identify HGD in Barrett’s esophagus and
early cancer and reported a sensitivity and specificity
of 86% and 95 %, respectively [16]. The spectral dis-
tribution of normal esophageal mucosa and Barrett’s
mucosa were similar.

Some authors used exogenous fluorophores to
enhance the spectroscopic characteristics of neoplas-
tic tissues. In an in vitro study, Stael von Holstein et al.
demonstrated the feasibility of laser-induced fluo-
rescence measurements after sensitizing with
Photofrin to distinguish normal and malignant tissue
in surgical specimen from the esophagus [21]. Brand
et al. used oral 5-ALA and showed a sensitivity of
77% and specificity of 71% [22]. Ortner et al. com-
bined time-resolved fluorescence spectroscopy and
topical application of 5-ALA to enhance the spectro-
scopic characteristics of dysplastic Barrett’s esopha-
gus [6].
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LSS and trimodal spectroscopy are novel tech-
niques and few data is published so far [4,8,9]. Perel-
man etal.and Backman et al. described the use of LSS
to determine the size distribution of epithelial cell
nuclei in vitro and in vivo [7,8]. Wallace et al. present-
ed a prospective validation study of LSS to identify
dysplasia in a cohort of patients with Barrett’s esoph-
agus [9]. The sensitivity and specificity of LSS for de-
tecting dysplasia (either LGD or HGD) were 90% and
90%, respectively, with all HGD and 87% of LGD
sites correctly classified. In a consecutive study,
Georgakoudi ef al. stated that the combination of
laser-induced autofluorescence, reflectance, and
LSS (called trimodal spectroscopy) results in a supe-
rior sensitivity and specificity for separating HGD
versus non-HGD in Barrett’s esophagus (100% and
100%) and dysplastic versus non-dysplastic Barrett’s
esophagus (93% and 100%) [4].

Fluorescence Imaging

With the development of the fluorescence imaging
systems, scientific interest concentrated mostly on
the esophagus, not least because of the increasing
clinical significance of Barrett’s esophagus. Different
authors investigated the use of fluorescence imaging
in the detection of neoplastic changes of the esopha-
gus (Table 16.3 [14,23-29]). Most of the studies deal-
ing with fluorescence imaging in patients with
Barrett’s esophagus investigated patients with long
segment Barrett’s esophagus. Studies of fluores-
cence imaging in patients with short segment Bar-
rett’s esophagus are rare. Early reports showed the
feasibility and usefulness of both fluorescence imag-
ing systems in the detection of dysplasia and neo-
plasms in patients with Barrett’s esophagus and
other gastrointestinal diseases [23-25]. In a study of
47 patients with Barrett’s esophagus, HGD, or carci-
noma was found in 14 of 113 biopsies taken from
areas that exhibited fluorescence [12]. HGD was
found in only 3 of 130 fluorescence-negative biopsy
specimens. Another study correctly diagnosed two
cases of HGD and 20 cases of non-dysplastic intesti-
nal metaplasia [26]. However, out of eight cases with
LGD, only five and three cases of LGD were correctly
diagnosed by fluorescence imaging and standard
white-light endoscopy, respectively. A recent study
demonstrated the good diagnostic performance of
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autofluorescence imaging in the detection of HGD in
patients with known Barrett’s esophagus [27].

Future Directions

The very promising and substantial results demon-
strate the ability of spectroscopic techniques to pro-
vide useful information for disease classification in a
non-invasive manner. Although each of the tech-
niques discussed in this article shows great potential,
their combination should allow us to create a com-
prehensive picture of the biochemical and morpho-
logic state of tissue. Development of software for
performing data analysis in real time at endoscopy
will allow us to test the applicability of these tech-
niques as a guide to performing biopsies.

Although spectroscopic techniques have ad-
vanced substantially from their initial in vitro and
animal studies, there remains much work to be done
before these systems can be integrated into routine
endoscopy. The diagnostic ability of combined tech-
niques has to be validated in different organ systems
and in larger patient cohorts. Major efforts are need-
ed to build smaller, more reliable, and less expensive
instruments. Under these circumstances, we hope to
have a new technique in the near future that can
substantially reduce the sampling error inherent in
random biopsy, and thus improve the sensitivity for
detecting dysplasia in patients at risk or with prema-
lignant disorders.
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Introduction

Recent advances in technology have allowed for the
development of new techniques for optical imaging
of the esophagus with unprecedented resolution and
tissue penetration that extend beyond the capabili-
ties of conventional white-light endoscopy. The use
of optical methods to detect disease is promising be-
cause the intensity, wavelength, and phase of light
can be manipulated to extract biochemical and
morphological information from the mucosa with
techniques such as reflectance, fluorescence, and
coherence tomography. Moreover, data can be ac-
quired without physical excision of tissue so that the
natural history of esophageal disease can be studied
over time without risk of bleeding. Several emerging
techniques that will be discussed in this chapter
include: optical coherence tomography (OCT), con-
focalimaging, and others (endocytology and fluores-
cence imaging). All of these imaging techniques
involve the use of an optical fiber to transmit light be-
tween the instrument and the tissue. The main im-
petus driving these developments is to provide better
surveillance of the esophagus for neoplastic changes.
In particular, the detection of dysplasia in the setting
of Barrett’s esophagus has drawn great interest be-
cause of the alarming rise in incidence of esophageal
adenocarinoma, the fastest growing cancer in the
USA [1]. The current biopsy surveillance standards
suffer from sampling error, increased procedure
time, and cost. The detection of disease in the esoph-
agusis challenging for several reasons: (i) subcellular
resolution is required to distinguish morphological

changes associated with neoplasia; (ii) diseased
glands may be present below the mucosal surface;
and (iii) the surface area of potential involvement
can be most of the esophagus.

Some of the clinical endpoints for optical imaging
in the esophagus are shown in Table 17.1, and in-
clude: (i) detection of high-grade dysplasia in Bar-
rett’s esophagus for removal by physical biopsy; (ii)
identification of metaplastic glands beneath neo-
squamous re-epithelialized mucosa following endo-
scopic ablation; (iii) assessment of tumor invasion
depth prior to endoscopic mucosal resection (EMR);
(iv) localization of cancer margins prior to surgical
resection; (v) evaluation of effectiveness of pharma-
cological therapy; and (vi) reduction in number of
physical biopsies and frequency of surveillance. Po-
tential emerging techniques presented in this chap-
ter that are most relevant are shown in the adjacent
column. In the esophagus, methods of high-
resolution imaging as well as wide area surveillance
are needed in order to achieve many of these clinical
goals. A comprehensive evaluation of the mucosare-
quires visualization of subcellular features, such as
nuclei (size, number, chromatin content) and or-
ganelles, thus axial (perpendicular to mucosal sur-
face) and transverse (parallel to mucosal surface)
resolution on the micron scale is needed. The trans-
verse resolution improves with the inverse of the nu-
merical aperture of the objective (angle at which the
beam converges), and the axial resolution improves
with the inverse of the square of the numerical aper-
ture. Thus, it is much easier to achieve a high trans-
verse resolution than axial. Moreover, premalignant
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Table 17.1 Clinical endpoints for high-resolution imaging in the esophagus.

Clinical endpoints

Potential technique

High-grade dysplasia in Barrett’s esophagus
Metaplastic glands beneath re-epithelialized mucosa
Submucosa tumor invasion prior to EMR
Preoperative identification of tumor margins
Effectiveness of pharmacological therapy

Minimal number of biopsies/frequence of surveillance

OCT, confocal, endocytoscopy, fluorescence imaging
OCT, confocal

OCT, confocal

OCT, confocal, endocytoscopy, fluorescence imaging
Confocal, endocytoscopy, fluorescence imaging

OCT, confocal, endocytoscopy fluorescence imaging

EMR, endoscopic mucosal resection; OCT, optical coherence tomography.

mucosa may exhibit dysplastic glands and microar-
chitectural distortions up to 1 mm or more below the
mucosal surface, thus techniques of vertical cross-
sectional imaging (plane perpendicular to mucosal
surface) are necessary. Furthermore, identification
of the boundary between carcinoma and normal
mucosa requires horizontal cross-sectional imaging
(plane parallel to mucosal surface). Finally, dysplasia
may be present within a segment of Barrett’s mucosa
that may extend 10 cm or more in length, thus imag-
ing of large surface areas are also critical.

Optical Coherence Tomography

OCT is a method of imaging that is analogous to en-
doscopic ultrasound. The principle of operation is
based on use of low-coherence interferometry to
measure the intensity and time delay of photons
backscattered from tissue microstructures [2,3].
Hence, OCT produces a vertical cross-sectional re-
flectance image of the esophagus with depth below
the submucosa. Because OCT uses light rather than
sound, it can achieve much higher resolution over a
tissue penetration depth of several millimeters,
which is adequate to evaluate many mucosal dis-
eases seen in the esophagus [4,5]. The axial resolu-
tion of current clinical OCT systemsis ~10 um, a level
that approaches cellular resolution [6,7]. Thus, the
presence of disease on OCT imagesis revealed by ab-
normalities in mucosal morphology rather than by
subcellular changes. However, ultrahigh-resolution
OCT systems are being developed that promise a fac-
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Fig. 17.1 Optical coherence tomography (OCT) sche-
matic. A low-coherence source delivers infrared light to a
fiber-opticinterferometer and is separated into a signal
and reference path. Light is focused by the scanhead into
the tissue, and backscattered light is collected and returned
to the coupler. An optical circulator recovers some of the
returning light for improved collection efficiency. Light
entering the reference path is scanned by the delay line to
identify the position of the signal photons. Returning light
from both paths is recombined at the differential detector.
Reproduced with permission from Rollins et al [9].

tor of 10 or more improvement in resolution [8]. A
limitation of OCT s that contrast is dependent on dif-
ferences in the index of refraction of cellular and tis-
sue structures, which are typically less than a factor
of two, and may limit detection sensitivity.

Principle of Operation
Light from a low-coherence source enters a fiber-
optic interferometer, as shown in Fig. 17.1, where it
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passes through an optical circulator and coupler that
creates a signal and reference path [9]. Infrared light
is used because it is less sensitive to scattering by tis-
sue than visible, thus can penetrate more deeply into
tissue [10]. The light in the signal path goes to the
scanhead, where it is focused by the objective lens
into the tissue. A fraction of the backscattered light is
refocused by the same objective back into the optical
fiber, and passes through the coupler. The optical cir-
culatorrecovers half of the returning light splitby the
coupler for better collection efficiency. Light in the
reference path enters a delay line where it reflects off
a mirror whose location is precisely known. Return-
inglight from both the signal and reference paths are
recombined by the coupler to the ditferential detec-
tor. Interference between the signal and reference
beams occurs only when the difference between the
path lengths traveled is less than the coherence
length of the light source. By scanning the reference
mirror in the delay line, the magnitude of the
backscattered light from the signal arm can be deter-
mined as a function of axial depth. For clinical imag-
ing, the OCT catheter consists of a single mode
optical fiber that is coupled to a low numerical aper-
ture objective lens and a prism that directs the beam
into the tissue [11]. The assembly is contained with-
in a flexible conduit that extends the entire length of
the catheter probe and is protected by a sealed, trans-
parent outer sheath with an outer diameter of
~2mm.

Linear Scanning

In the linear scanning mode, a translator is attached
to the conduit at the proximal end of the catheter,
and moves the optical assembly under computer
control in a longitudinal direction along the axis of
the probe. The catheter is manipulated within the in-
strument channel while the operator steers the distal
tip of the endoscope to accurately place the probe
onto the desired location on the mucosa with light
pressure for stability against motion created by
esophageal peristalsis, heart beats, and respiration.
Because infrared light used for imaging is not visible
to the operator, a separate red beam is provided to as-
sist with aiming. Linear scanned OCT images are dis-
played in Cartesian coordinates, and are rectangular
in dimensions with uniform pixel spacing. More-

over, these images have less distortion and less mo-
tion artifact than radial scanned OCT images with
similar pixel density. This image formatis well suited
for imaging discrete structures such as patches of
Barrett’s or ulcers, but the resulting field of view is
usually much smaller than the surfaces of clinical in-
terest, and sampling of the mucosa at multiple sites is
needed to adequately evaluate the extent of disease.
Clinical OCT imaging systems with linear scanning
have demonstrated an axial and transverse resolu-
tion of ~10um and ~25 um, respectively [11]. In vivo
images have been acquired with dimensions of
5.5mm (512 pixels) in length and 2.5mm (256 pix-
els) in depth with a frame rate of 4 images/s. The
optical power incident on tissue is 5.0mW at a
wavelength of 1300 nm.

Radial Scanning

In the radial scanning mode, the optical assembly ro-
tates within the sheath in a circular fashion to obtain
a vertical cross-sectional image of the entire circum-
ference of the esophagus, as shownin Fig. 17.2 [7,9].
The catheteris placed in the center of the lumen, and
suctioning collapses the wall of the esophagus onto
the probe surface. This technique is done to mini-
mize the effect of motion artifact, and to improve the
coupling of light between the catheter and mucosal
surface. Radial scanned images are displayed in polar
coordinates, and the transverse pixel spacing in-
creases with distance from the probe. Because of the
larger field of view, radial scanning is more sensitive
than linear to any movement. Moreover, if the
catheter probe drifts out of the center of the lumen,
only alimited sector of the full esophageal circumfer-
ence can be seen. Because of the larger area of tissue
imaged, radial scanning benefits from the use of a
power efficient interferometer for improved light
collection efficiency and from a Fourier-domain
rapid scan delay line for increased effective scanning
speed of the reference arm of the interferometer.
Clinical OCT imaging systems with radial scanning
have demonstrated an axial and transverse resolu-
tion of ~10um and ~25 um, respectively [7]. Radial
images have been acquired with depth of ~2.5mm
from the probe with a frame rate of 4 images/s. The
optical power incident on the tissue is 22mW at a
wavelength of 1310nm. More power is needed for
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Fig. 17.2 Optical coherence tomography (OCT) images of
normal esophagus collapsed around the probe (P) is taken
with radial scanning, and reveals the epithelium (E),
lamina propria (LP), muscularis mucosa (MM), submu-
cosa (SubM), and muscularis externa (ME). Circular
structures (three arrows) in the submucosa represent
blood vessels. Concentrated regions of high intensity in
the lamina propria have identified as lymph nodes (L).
Reproduced with permission from Rollins et al [9].

radial scanning than for linear because of the larger
field of view.

Clinical OCT Imaging

OCT images of normal squamous esophagus with a
depth of ~2.5mm appear as a well-defined, layered
structure, as shown by the radial scanned image in
Fig. 17.2 (distance between separator marks is
1mm) [9]. The esophageal wall has been collapsed
onto the surface of the probe (P). The epithelium (E)
is the most superficial layer, consists primarily of
squamous cells with low nucleus-to-cytoplasm
ratio, and appears with relatively weak backscatter
intensity. The next layer is the lamina propria (LP),
which consists primarily of connective tissue, and
appears bright. Below is the muscularis mucosa
(MM), composed of a layer of muscle cells, and ap-
pears with minimal backscatter intensity. One layer
deeper is the submucosa (SubM), which is quite
bright, followed by the muscularis externa (ME),

which is dark. Circular structures (three arrows)
with low intensity can be seen in the submucosa rep-
resent blood vessels. Concentrated regions of high
intensity in the lamina propria have identified as
lymph nodes (L). The contrast between each layer is
determined by the difference in average index of re-
fraction. In addition, backscattered light appears
with an exponentially decreasing intensity with
depth into the mucosa because of greater tissue ab-
sorption and scattering along both the illumination
and collection paths.

Barrett’s esophagus is distinguished from normal
on OCT images by features that include the absence
of the normal layered structure of squamous epithe-
lium, disorganized mucosal architecture, heteroge-
neous contrast, irregular mucosal surface, and
presence of submucosal glands [11-13]. In a
prospective study, OCT was found to be 97% sensi-
tive and 92 % specific for detection of Barrett’s [11].
The presence of glands within Barrett’s mucosa ap-
peared as a disruption of the well-defined layered-

architecture of normal mucosa, and revealed
decreased intensity pockets beneath the epithelial
surface. Furthermore, there is a larger variability in
image features from Barrett’s than from normal
esophagusamong different patients. At this time, the
sensitivity of OCT for the detection of dysplasia has
not been established. However, studies have noted
that the presence of dysplasia on OCT was found to
have greater glandular irregularity and altered re-
flectance characteristics. Current limitations in the
resolution and contrast of clinical OCT imaging sys-
tems prevent clear identification of nuclear changes
and goblet cells, the key features necessary for de-
tecting dysplasia and Barrett’s, respectively. These
limitations are being addressed by the next genera-
tion OCT imaging systems.

OCT images of esophageal adenocarcinoma aris-
ing from Barrett’s esophagus appear with a total loss
of the layered structure of normal esophagus, re-
placed by a heterogenous layer [12,13]. Regions of
bright alternating with poor scattering are visible,
possibly representing the lamina propria and crypts,
respectively. The tissue penetration depth of light is
noticeably less than that of normal squamous esoph-
agus and Barrett’s mucosa, possibly because of
greater number and more dense intra-cellular pack-
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ing of malignant cells. Images of ulcer in the tumor
revealed a homogeneous pattern with bright inten-
sity from the underlying connective tissue in the
stroma. OCT images of squamous cell carcinoma ap-
peared similar to that of adenocarcinoma, demon-
strating loss of well-defined, layered structure of
normal esophagus, heterogeneous pattern with al-
ternating brightly and poorly scattering regions, and
poor tissue penetration depth.

Future Advancements

While OCT has demonstrated impressive results,
continued development of this technique promises
significant improvement in imaging performance.
Limitations in the resolution of current clinical
systems are being addressed by the development of
ultra-short pulse lasers that emit pulses with a band-
width up to 350nm, compared to 68nm in current
clinical systems [14]. Using these sources, ultrahigh-
resolution images of Barrett’s esophagus have been
collected in vitro with an axial resolution of ~1 um. A
transverse resolution of ~5um was achieved by in-
creasing the numerical aperture of the objective lens.
However, this change in optics reduces the working
distance of the probe. In order to achieve a significant
image depth, multiple images were collected at dit-
ferent focal distances and then tiled together to cre-
ate the final image. With these improvements, it was
still unclear if subcellular features could be resolved,
but localized foci of high backscatter intensity sug-
gest the presence of nuclei.

Doppler OCT is an extension of this technique
being developed to visualize the dynamics of blood
flow [15,16]. This method is based on the principle
that backscattered light from a moving particle, such
as a blood cell flowing through a vessel, is Doppler
shifted by a frequency that is proportional to the par-
ticle’s velocity. This velocity can be extracted from
the backscattered light in the signal path of the inter-
ferometer by frequency shifting the reference path, a
process known as heterodyne detection. This con-
cept has been demonstrated in the lab, and is being
developed for in vivo use. When adequately ad-
vanced, Doppler OCT can potentially be used to mea-
sure flow in esophageal varices, locate and assess
significance of bleeding sources within ulcers, and
monitor angiogenesis in esophageal tumors.

Confocal Imaging

Confocal imaging is performed routinely in the lab
using a bulk optics instrument to image cells and tis-
sues with subcellular resolution by performing opti-
cal sectioning [17]. This process uses a pinhole
between the object and detector to reject light from
planes out of focus, thus providing a clear in focus
image of a thin section within the specimen. Con-
ventional confocal microscopes can achieve submi-
cron resolution using a high numerical aperture
objective lens to tightly focus the illumination and
collection beams. The main limitation of confocal
microscopy for in vivoimaging is the large physical di-
mensions of the objectives lenses needed to achieve
subcellular resolution. Recently, high quality mi-
crolenses have become available with the millimeter
dimensions necessary for endoscope compatibility,
but thisreduced size is achieved at a cost of less work-
ing distance and axial resolution. For example, the
working distance of confocal microendoscopes is on
the order of several hundred microns, which limits
the tissue penetration depth to a factor of 10 less than
that of OCT. Moreover, the dynamic range, or sensi-
tivity to orders of magnitude changes in light intensi-
ty, is only on the order of 20-30 dBs, representing a
factor of only two to three orders. This limitation al-
lows for horizontal cross-sectional imaging, but not
vertical. However, confocal imaging, which is not co-
herence based, is sensitive to fluorescence, thus can
potentially achieve much better contrast than OCT.
Currently, confocal microendoscopyisata very early
stage of development. The available clinical proto-
types are designed with a single axis configuration
that uses a single fiber and objective assembly to de-
liver the illumination and light collection. These in-
struments use 488nm for excitation, and collect
fluorescence from intra-vital dyes either sprayed
onto the mucosal surface or injected intravenously.
In vivo images have been collected that demonstrate
subcellular details with high contrast. The emer-
gence of the dual axes architecture has demonstrat-
ed the potential to overcome some of the limitations
in working distance and dynamic range of the single
axis prototypes.
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Principle of Operation

Confocal microendoscopy is based on the use of a
single mode optical fiber to actasa pinhole and to de-
liver light between the objective lens and detector
[18]. The size of the fiber core defines the volume
below the mucosal surface from which backscattered
light can originate and become collected. Backscat-
tered light from all other regions does not have the
correct trajectory to enter the optical fiber, and thus
is spatially filtered. This arrangement is combined
with a method of scanning to create an image from a
thin section of tissue, known as optical sectioning.
Confocal microendoscopes use optical fibers to
transmit the collected light to the detector with the
fiber core functioning as a pinhole. Confocal mi-
croendoscopy is sensitive to fluorescence, which can
be from endogenous biomolecules or from exoge-
nous biomarkers. In addition, reflectance can be
collected at the same time as fluorescence with
complete image registration, thus, the morphology
of cells and tissues can be directly related to the un-
derlying biochemistry and molecular properties.

Distal Scanning

Confocal microendoscopy has been developed with
the scanning mechanism located in the distal end
using a tuning fork mechanism that vibrates the
optical fiber at resonance (Optiscan Imaging Ltd,
Victoria, Australia) [19,20]. The size of the scanner is
not sufficiently small for the microscope to pass
through the instrument channel of the endoscope,
and instead, it is built into the insertion tube. The di-
ameter of the endoscope (Pentax EC3870K) is
12.8 mm, which is approximately the same size as
that of therapeutic endoscopes. In the optical assem-
bly, the fiber is coupled to a high numerical aperture
objective and achieves a transverse and axial resolu-
tion of 0.7 and 7 um, respectively, at a wavelength of
488nm. Horizontal cross-sectional images are col-
lected with parameters that include a frame rate of
1.6 images/s, penetration depth of up to 250um
below the mucosal surface, and a field of view of
320 um, using a maximum laser power of 1 mW. Flu-
orescence images are collected with use of intra-vital
dyes, including fluorescein sodium and acriflavin
hydrochloride for contrast enhancement. While
clinical studies have not been performed in the

esophagus at this time, it hasbeen used in 27 patients
undergoing colonoscopy to reveal clear images of
cells and subcellular structures. Intraepithelial neo-
plasia in the colon from a total of 390 sites was de-
tected with a sensitivity of 97.4% and specificity of
99.4% [19].

Proximal Scanning

Confocal microendoscopy has also been developed
with scanning is performed over the proximal sur-
face of the catheter probe (Mauna Kea Technologies,
Paris, France) [21]. The microendoscope consists of a
fiber-opticbundle that contains several tens of thou-
sands of individual fibers coupled to a micro-lens ob-
jective. For scanning, two separate mirrors located in
the instrument unit oscillate the fast and slow axes at
4 and 12Hz, respectively, focusing a 488 nm laser
beam into each fiber of the bundle in sequence. Prior
to image collection, the fiber-optic bundle is first
calibrated to remove the contributions from auto-
fluorescence and to adjust for differences in the
transmission efficiency of each individual fiber. Flu-
orescence is generated by the use of intra-vital dyes,
such as fluorescein, cresyl violet, and rhodamine,
and images are acquired at a frame rate of 12 im-
ages/s. Because the scanning mechanism is located
external to the probe, a much smaller catheter diam-
eter can be achieved than for that of the distal scan-
ning instruments. Currently available probes have
diameters that range from 0.3 to 1.8 mm. The small-
er probes have a transverse and axial resolution of
5 and 15um, respectively, with a field of view of
400 x 280um. However, the working distance for
these probes is Oum, thus they must be in contact
with the mucosa toimage. Currently, this system has
been used to collect fluorescence images in small an-
imals such as transgenic mice. Clinical studies are in
progress.

Dual Axes Architecture

A novel dual axes confocal architecture is being de-
veloped to overcome some of the limitations in
working distance and dynamic range exhibited by
the single axis design [22,23]. In this configuration,
two low numerical aperture objectives are oriented
with the illumination and collection beams crossed
at an angle 6, as shown in Fig. 17.3. The transverse
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working
distance

Fig. 17.3 Dual axes confocal schematic. Two low
numerical aperture objectives are oriented with the
illumination and collection beams crossed at an angle,
and the transverse and axial resolution is determined by
the overlap between the two beams. Light scattered along
the illumination path (checkered region) arrives at the
collection lens at the angle that is unlikely to be collected
(dashed line). The long working distance allows for a
scanning mirror to be placed on the tissue side of the
objective to create a large field of view. Reproduced with
permission from Rollins et al [9].

and axial resolution is determined by the dimension
of the overlap between the two beams. In addition,
this configuration achieves a dynamic range that al-
lows for the collection of vertical cross-sectional
image over 1 mm deep [24]. Furthermore, light scat-
tered along the illumination path (checkered region)
arrives at the collection lens at the angle that reduces
its chances of being collected (dashed line), resulting
in improved image contrast. In addition, the long
working distance allows for a micro-electro-
mechanical systems (MEMS) scanning mirror to be
placed on the tissue side of the objective and creates a
large field of view [25]. A tabletop prototype using
this approach has been demonstrated with 6 um res-
olution at 1345nm. An ex vivo reflectance image,
shown in Fig. 17.4, was collected from a freshly ex-
cised biopsy specimen at the neo-squamocolumnar
junction (Z line) of a patient with Barrett’s esopha-
gus [24]. The mucosa on the left half of the image ap-
pears to be organized into horizontal layers, which
by direct comparison to histology, correspond to ep-
ithelium (E), lamina propria (LP), muscularis mu-
cosa (MM), submucosa (SubM), and muscularis

Fig. 17.4 A dual axesreflectance image from esophagus
collected ex vivo with 1345 nm light is shown. The mucosa
on the left half of the image appears to be organized into
well-defined, layered structures that correspond to
epithelium (E), lamina propria (LP), muscularis mucosa
(MM), submucosa (SubM), and muscularis propria (MP).
The epithelium on the right half is disrupted by
invaginating structures (three arrows) that appear to be
glands associated with the pit epithelium of Barrett’s
esophagus. Reproduced with permission from Rollins
etal [9].

propria (MP). The epithelium on the right half is dis-
rupted by invaginating structures (three arrows)
that appear to be glands associated with the pit ep-
ithelium of Barrett’s esophagus.

Future Advancements

While confocal microscopy has made tremendous
scientific contributions as a laboratory instrument,
the clinical impact of this imaging modality will be
determined by future advances in: (i) scaling down
the instrument size while preserving subcellular res-
olution and image contrast; (ii) achieving clinically
relevant tissue penetration depths; (iii) obtaining a
useful field of view; (iv) minimizing laser power re-
quirements to avoid mucosal damage; and (v) realiz-
ing an affordable cost for mass production,
distribution, and clinical use. With regard to these
endpoints, confocal microendoscopy is at a very
early stage of development, but recent technological
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advances in optical fibers, light sources, detectors,
MEMS fabrication techniques, and molecular biolo-
gy suggest that the future for this technology is
promising. The combination of confocal microen-
doscopy with novel methods of wide area surveil-
lance promises to significantly improve the ability of
the endoscopist to visualize and evaluate the mucosa
and submucosa of the gastrointestinal tract. A partic-
ularly promising direction is the use of fluorescence
tagged reagents that have high binding affinity for
cell surface and intra-cellular molecules unique to
precancerous mucosa. In addition, the use of nearin-
frared light, which is much less sensitive to tissue
scattering and hemoglobin absorption, will achieve
deeper tissue penetration. Advancements in these
areas will significantly broaden the set of endoscopic
tools available for detecting, monitoring, and treat-
ing mucosal disease.

Furthermore, clinical studies are needed to vali-
date the use of confocal microendoscopy to detect
premalignant lesions in the gastrointestinal tract,
particularly in the setting of mucosa at high risk
for developing adenocarcinoma, such as Barrett’s
esophagusand ulcerative colitis. Moreover, as confo-
cal probes are scaled down in size, their use in pan-
creatic duct and biliary tract epithelium will be
investigated. The parameters for confocal images
collected in horizontal and vertical cross-sections
and three-dimensional images will be defined, and
databases of these images will be standardized. In ad-
dition, the use of fluorescence-tagged reagents must
be evaluated for safety and non-toxicity, in addition
to efficacy. The clinical use of confocal microen-
doscopy will identify early, treatable precancerous
and cancerous lesions, reduce the number of biopsy
specimens taken, increase the quality of histology,
lower the costs of pathology, and ultimately produce
better patient outcomes.

Others
Endocytoscopy

While confocal imaging requires a laser for sufficient
intensity to image below the mucosal surface, en-
doscytoscopy can image the surface with subcellular
resolution with just a white-light source. These in-
struments are designed to perform cytology in vivo.

Two prototypes (Olympus Corp., Tokyo, Japan) have
been developed with magnifications of 450x and
1125x%, and provide a field of view of 300 and 120 um,
respectively [26]. These flexible instruments are
380 cm long and 3.2mm in diameter, and can pass
through the instrument channel of a therapeutic en-
doscope, using a standard white-light source and
video-processor. Endocytoscopic images are collect-
ed as follows: (i) the mucosal surface is sprayed with
5mL of 1% methylene blue, and then approximate-
ly 20 s is allowed for absorption of the intra-vital
stain; (ii) the plastichood attached to the distal end of
the endoscope is placed in contact with the mucosal
surface; (iii) the endocytoscopy probe is inserted
into the instrument channel of the endoscope
until contact is made with the target mucosa; (iv)
light pressure is applied to achieve image stability be-
cause slight movements from esophageal peristalsis
heart beats, and respiration can create motion
artifact.

An endocytoscopic image at 450X magnification
with methylene blue staining is shown in Plate 17.1
(color plate section falls between pp. 148-9). The
image is acquired at the boundary between
esophageal cancer (top half) and normal squamous
mucosa (bottom half). The region of cancer appears
to stain darker overall, and has a much higher densi-
ty of nuclei than that of normal. Images collected at
1125x magnification image (not shown), reveal an
irregular distribution of cells and heterogeneous
morphology. Nuclei appeared with different degrees
of staining, sizes, and shapes, and the nuclear-to-
cytoplasmratio was quite variable. Nuclear inclusion
bodies and nucleoli could be distinguished, but mi-
totic activity could not. In normal esophagus stained
with methylene blue, the first two to three layers of
squamous epithelial cells were seen with the 450x
magnification probe. Nuclei appeared with regular
staining, shape, and size characteristics, and the nu-
cleus-to-cytoplasm ratio was small. Nucleoli were
observed in some cases with the 1125x magnifica-
tion endoscope. In addition, staining with toluidine
blue has been used to visualize squamous epitheli-
um, and the degree of cell staining was similar to that
of methylene blue. The surface layer of the squa-
mous epithelial cells and the nuclei were clearly
visible.
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Fluorescence Imaging

While the emerging optical techniques discussed so
far are limited to fields of view of a few millimeters or
less, wide area imaging on the centimeter scale can
be performed with fluorescence endoscopy [27].
Fluorescence is a process where biomolecules absorb
light, and elevate electrons to higher energy levels.
Subsequent relaxation of these electrons to the ener-
gy ground state results in the emission of fluores-
cence at longer wavelengths. Methods based on
fluorescence have been developed to interrogate the
biochemistry of the mucosa to reveal differences in
cell and tissue metabolism. Autofluorescence in par-
ticular is an attractive approach because it takes ad-
vantage of changes in concentrations of endogenous
fluorophores, such as collagen, nicotinamide
adenine dinucleotide (NADH), and flavine adenine
dinucleotide (FADH), and has demonstrated the
potential tolocalize dysplasia [28]. These approaches
avoid the use of exogenous contrast agents that may
produce undesired side effects. The application of
fluorescence to imaging exploits the differences in
the peak wavelength and intensity between normal
and dysplastic mucosa resulting from variations
in the concentration and distribution of these
metaboli-cally active biomolecules and to changes in
the tissue microarchitecture.

The LIFE system (Xillix Corp., Richmond, BC)
uses the blue light (425-455 nm) from a Xenon lamp
for excitation, a fiber-optic endoscope to transmit
fluorescence, and intensified charge-coupled device
(CCD) cameras for detection. Fluorescence is
spectrally divided into two color regimes by a
dichroic mirror and then filtered into the green
(480-580nm) and red (620-720nm) regions. Inten-
sified cameras are needed because of the relatively
weak fluorescence intensity. The white-light image
can be imaged in the conventional fashion. A ratio of
the red-to-green images is determined to compen-
sate for variations in the distance and angles from
varioussites of the mucosa. An example of aratio flu-
orescence image of Barrett’s esophagus collected in
vivo is shown in Plate 17.2 (color plate section falls
between pp. 148-9) [27]. Theregion of red enhance-
ment (within arrowheads) was found to contain
high-grade dysplasia. Clinical evidence for the use-
fulness of endogenous fluorescence endoscopy as a

guide for biopsy is beginning to emerge with mixed
results. A recent study using targeted biopsy
performed first under endogenous fluorescence
imaging with the LIFE system in 34 patients
with short segment Barrett’'s esophagus found
a greater number of sites of high-grade dysplasia
than under subsequent conventional endoscopy
(9vs. 1, P=0.016) [29]. In another study, 35 patients
with Barrett’s esophagus were evaluated first by
autofluorescence endoscopy and then by random
four-quadrant biopsy. However, fluorescence
imaging was found to have a collective sensitivity
of 21% for the detection of neoplastic lesions,
including 88, 19, and 12 specimens of low-grade dys-
plasia, high-grade dysplasia, and cancer, respectively
[30].

Comparison of Emerging Techniques

A summary of the performance parameters for the
emerging techniques of OCT, confocal, endocytol-
ogy, and fluorescence imaging, shown in Table 17.2,
compares the strengths and limitations of each
method. These parameters include transverse and
axial resolution, field of view, tissue penetration
depth, frame rate, and contrast mechanism. OCT is
the furthest developed of these imaging modalities,
and the key feature is high dynamicrange to perform
vertical cross-sectional imaging with tissue penetra-
tion well below the submucosa of the esophagus.
Also, large fields of view of several millimeters can be
achieved in both the linear and radial scanning
modes. Currently, the resolution of clinical systems
is limited to changes in mucosal morphology;
however, future ultrahigh-resolution instruments
promise to reach the subcellular regime. Unfortu-
nately, this coherence technique is not sensitive to
non-coherent light, such as fluorescence; thus, con-
trast is limited to the inherent differences in refrac-
tive index between normal and diseased tissues.
Confocal microendoscopy is in an early stage of de-
velopment, and can achieve subcellular resolution
and high contrast with fluorescence images. How-
ever, the single axis confocal architecture has limited
dynamic range that allows for horizontal cross-
sectional imaging only, and the high numerical aper-
ture optics needed to achieve good resolution limits
the working distance and field of view to several
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Table 17.2 Summary of imaging parameters for emerging techniques.

Imaging parameter

ocT

Confocal

Endocytoscopy

Fluorescence
imaging

Type of light

Wavelengths

Axial resolution

Transverse resolution

Contrast mechanism

Field of view

Tissue penetration

Frame rate (per second)

Reflectance

830-1300nm
10um
25um

ARefractive index
ARefractive index

>1mm
2-3mm

4

Fluorescence
reflectance

488-1300nm
<lum
7um

Fluorescence dyes

0.3mm
0.25mm
2

Fluorescence
reflectance

400-700nm
<lum
N/A

Intra-vital stains

0.3mm
0Omm

30

Fluorescence

450-700nm
>50um
N/A

Fluorescence dyes

>100mm
0Omm

30

N/A, not applicable; OCT, optical coherence tomography.

hundred microns. Future development of the dual
axes configuration may overcome some of these
limitations. Furthermore, endoscytoscopy uses a
standard white-light source to provide submicron
transverse resolution horizontal cross-sectional im-
ages. Images collected with intra-vital stains can re-
veal nuclear and organelle details, but this technique
is limited to the mucosal surface and does not
perform optical sectioning. Finally, fluorescence
imaging makes use of conventional fiber-optic
endoscopes to achieve a large field of view to image
biochemical activity of the mucosal surface. This
technique complements the subcellular imaging
instruments previously discussed.

Future Directions

These emerging optical imaging techniques promise
to equip gastroenterologists with the future ability to
more thoroughly evaluate the esophageal mucosa
for the presence of disease. These methods add deep
tissue penetration, subcellular resolution, and bio-
chemical activity to the capabilities of conventional
white-light endoscopy, and can potentially be com-
bined together with a clever design. An example
imaging strategy may include the use of fluorescence
imaging to survey the entire distal esophagus for sus-

picious regions of disease, followed by OCT to assess
the full mucosal depth for subsurface abnormalities,
and concluded with confocal microendoscopy or en-
docytology to provide subcellular details of nuclear
and cytoplasmic structures. Furthermore, break-
throughsin the molecular biology of cancer transfor-
mation can be incorporated into the imaging strategy
with use of fluorescence tagged reagents to bind neo-
plastic biomarkers. These advances promise to pro-
vide earlier detection of precancerous changesin the
mucosa in a non-destructive manner that will allow
for the natural history of esophageal disease to be
observed. These new strategies of “optical biopsy”
are unlikely to replace conventional biopsy with
histopathological interpretation of excised tissue
anytime soon. Rather, they are more likely to pro-
vide a more accurate and efficient approach to target
biopsy of diseased tissue, thus reducing the number
of conventional biopsies required, increasing sur-
veillance intervals, reducing cost, and ultimately im-
proving patient care.
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Introduction

Within the gastrointestinal tract, there is no shorter
segment with a higher cancer incidence than the
gastroesophageal junction. This exceptionally high
incidence is due to a combination of factors, which
include being the transitional zone between squa-
mous and columnar epithelium, and between neu-
tral and severely acidic pH; the influence of acid and
bile reflux; the presence of Helicobacter pylori colo-
nization within the cardia; and the exposure to reac-
tive nitrogen substances resulting from the local
interaction between saliva and acid [1]. The sharply
rising incidence of esophageal adenocarcinoma is
perhapsrelated to an increased incidence of Barrett’s
esophagus [2]. In a recent cohort follow-up study of
500000 subjects followed between 1996 and 2003,
we observed an increased incidence of Barrett’s
esophagus from 15.1 to 24.6/100000/year [3].
Investigators from Scotland reported a rise in newly
diagnosed Barrett’s esophagus from 1/100000
population in 1980 to 48/100000 in 1992 [4].
A similar increase was noted in the USA from
22/100000 in 1987 to 80/100000 in 1998 [5], as
well as an increased incidence of Barrett’s esophagus
from 0.37/100000/year in 1965-1969 to 10.5/
100000/year in 1995-1997 [6]. In contrast to the
other observations, the increases in the USA were
fully attributable to a similar increase in the number
of upper gastrointestinal endoscopies performed
during the same time interval. The increased inci-
dence of Barrett’s esophagus may partly be due to
higher awareness among endoscopists and the more
common use of endoscopy and esophageal biopsy
sampling, but this is unlikely to completely explain
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the changing epidemiology of Barrett’s esophagus
and Barrett’s carcinoma. The increased incidence of
Barrett’s esophagusisrelated to the high incidence of
gastroesophageal reflux disease (GERD) in Western
countries. A recent Canadian study performed diag-
nostic endoscopy in untreated patients with dyspep-
sia and showed that 43 % of these patients had signs
of erosive esophagitis [7]. The incidence of reflux
disease, Barrett’s esophagus, and esophageal adeno-
carcinoma is significantly lower in Asian countries,
but an increasing trend has already been observed
[8]. Endoscopy is required for adequate assessment
of the condition of the esophageal mucosa in an indi-
vidual patient, in particular to evaluate for the pres-
ence of erosive esophagitis and Barrett’s esophagus.
Once a diagnosis of Barrett’s esophagus is estab-
lished, further medical management predominantly
consists of drug therapy, and endoscopicsurveillance
and treatment if needed. Endoscopic surveillance
and treatment aim at early detection and treatment
of Barrett’s neoplasia. Drug treatment aims at symp-
tom control, healing of esophagitis, and possible pre-
vention of progression of Barrett’s esophagus to
dysplasia and adenocarcinoma.

Symptom Control and Healing
of Esophagitis

Prevalence and Severity of Symptoms

and Esophagitis

Most patients with Barrett’s esophagus have
symptomatic GERD with heartburn, regurgitation,
retrosternal pain, and sometimes with other extra-
esophageal symptoms such as chronic cough, laryn-
geal disorders, and asthma. Patients with long



segment Barrett’s esophagus often have remarkably
few symptoms, despite severe reflux [9] (Plate 18.1;
colorplate section falls between pp. 148-9). The Bar-
rett’s segment then functions as mechanism for
symptom control, with the columnar epithelium
being less sensitive to acid than the squamous ep-
ithelium that it replaced. In a study comparing 74
patients with Barrett’s esophagus with 216 GERD
patients without Barrett’s esophagus, Barrett’s pa-
tients with normal esophageal motility had more se-
vere acid reflux, but nevertheless a lower symptom
index than GERD patients without Barrett’s
esophagus [10]. Barrett’s patients with abnormal
esophageal motility had even higher esophageal acid
exposure, and similar symptom scores as the GERD
patients. This reduced esophageal sensitivity has
been supported by other studies [11,12]. However,
in anindividual patient, the severity and character of
reflux symptoms does not allow reliable prediction
of the presence of esophagitis nor of Barrett’s epithe-
lium. Two large studies of respectively 6215 and
10 294 patients with GERD only identified severity
and duration of symptoms as weak predictors for the
presence of erosive esophagitis [13,14]. Similarly, a
matched case-control study of 79 patients with
Barrett’s esophagus and 180 GERD patients without
Barrett’s esophagus found that Barrett’s patients had
a history of longer symptom duration [15]. In line
with this observation, the duration of reflux symp-
toms has also been associated with the risk of devel-
opment of esophageal adenocarcinoma [16]. In a
nation-wide, population-based case-control studyin
Sweden including 189 patients with esophageal ade-
nocarcinoma and 820 controls, persons with recur-
rent reflux symptoms had an odds ratio of 7.7 for
development of esophageal adenocarcinoma. This
risk increased with more frequent, more severe, and
longer-lasting symptoms to 43.5. Together, these
data demonstrate that duration and severity of
symptoms predict, albeit weakly, the presence of
erosive esophagitis and its complications. Barrett’s
patients generally have had symptoms of longer
duration than patients with uncomplicated
reflux disease, but the severity of symptoms is
often limited in view of the severity of pathological
reflux.
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Proton Pump Inhibitor Therapy

The first aim in the medical management of patients
with a Barrett’s esophagusis therefore to alleviate re-
flux symptoms. Proton pump inhibitors (PPIs) have
become the mainstay of therapy for this purpose be-
cause of their high efficacy and excellent safety pro-
file. Standard doses equivalent to 20 mg omeprazole
heal esophagitis and eliminate symptoms in 80-95 %
of GERD patients. Specific data on symptom relief
and healing of esophagitis in Barrett’s patients are
limited and mainly come from small series of pa-
tients. However, they suggest that the response of
Barrett’s patients to PPI treatment is inferior com-
pared to patients with mild reflux disease. This is re-
lated to the more severe reflux in Barrett’s patients,
in particular in patients with long segment Barrett’s
esophagus [17,18]. Symptom improvement and
healing of esophagitis can be achieved in nearly all
patients with Barrett’s metaplasia with a higher PPI
dose, but pathologic reflux often remains even in
asymptomatic patients. In a randomized study, 105
patients with Barrett’s esophagus were treated with
30mg lansoprazole once daily or 150mg ranitidine
twice daily. After 4 weeks, esophagitis had healed in
86% of the lansoprazole-treated patients, compared
to 48% of the ranitidine-treated patients [19]. In an-
other group of 13 Barrett’s patients, treatment with
60mg lansoprazole once daily led to symptom im-
provement and healing of erosive esophagitis in all,
but 24-h intra-esophageal pH recordings showed
thatfive patients (38 %) continued to have patholog-
ical gastroesophageal reflux [20]. In another study,
25 patients with Barrett’s esophagus underwent 24-
h esophageal pH and Bilitec 2000 monitoring while
being treated with 40-60 mg omeprazole daily. Five
patients (25%) had pathological esophageal acid re-
flux, and fifteen (60%) had evidence of abnormal
bile reflux [21]. Others have observed persistent
pathological acid reflux in 50% of 48 asymptomatic
Barrett’s patients while treated with up to 80mg of
daily esomeprazole [22]. Symptom control is thus a
poor predictor of persistent acid reflux in patients
with Barrett’s esophagus. Together, these data show
that PPIs are effective for symptom control and heal-
ing of esophagitis in Barrett’s patients, but at the
same time that a considerable proportion of these pa-
tients continue to have pathologic gastroesophageal
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reflux even when symptoms are adeqately

controlled.

H2-Receptor Antagonists, Prokinetics, and
Other Drugs

Many patients with Barrett’s esophagus require po-
tent acid suppression. PPIs suit this purpose better
than other drugs; nevertheless, there is some role for
treatment with H2-receptor antagonists, prokinet-
ics, and other drugs. A proportion of Barrett’s
patients have adequate symptom control with
H2-blocker treatment in a dose equivalent to 300 mg
of ranitidine daily [23,24], but many require high-
dose treatment in doses equivalent to 600-3000 mg
of ranitidine daily [23]. In a randomized 2-year fol-
low-up study comparing omeprazole and ranitidine,
33 patients with Barrett’s esophagus were allocated
to treatment with twice daily ranitidine 150 mg [24].
This treatment reduced esophageal acid exposure
(determined by the percentage of time over 24h
with apH <4.0) from 14.3% to 9.4%, whereas treat-
ment with twice daily omeprazole 40 mg reduced
acid reflux from 19.7% t0 0.1% of time. In the raniti-
dine arm, six (18%) patients changed therapy to
open-label omeprazole because of insufficient con-
trol of reflux symptoms, the remainder continued
ranitidine treatment [24]. This confirms that most
patients with Barrett’s esophagus have severe patho-
logical reflux, with discrepant symptom severity. Ina
group of 42 Barrett’s patients treated with ranitidine,
24 (58%) required 300mg daily for healing of
esophagitis and symptom relief, the remainder,
however, needed on average a four-times higher
dose with a dose-range between 600 and 2400 mg
daily [25]. For these reasons there is, with the cur-
rent wide availability of PPIs, a minor role for H2-
blocker mono-therapy in patients with Barrett’s
esophagus. However, patients who suffer from per-
sistent acid reflux on PPI treatment in particular
have reflux episodes at night [26]. This nocturnal
acid breakthrough usually occurs after 23.00 with
single daily PPI dosing and after 01.00 with twice
daily dosing of PPI and can be treated by addition of
an H2-blocker at night, starting at a dose equivalent
to 150 mg ranitidine. This had been hypothesized to
decrease nightly acid reflux, although tolerance can
develop and clinical data are lacking [27,28].

The role for prokinetic therapy in patients with
Barrett’s esophagus is poorly studied, and appears
limited. Treatment with cisapride alone as well as in
combination with a PPI has little effect, other than
some reduction of bile reflux and perhaps somewhat
more rapid clearance of supine acid reflux, which
may be beneficial for some patients [29,30]. Thisisin
line with a study showing that the combination of
cisapride 10mg twice daily and omeprazole 20 mg
daily was more effective than either treatment alone
for the maintenance of remission in patients with re-
flux esophagitis [31]. However, the current prefer-
ence for patients with Barrett’s esophagus and
persistent pathological reflux is to increase the PPI
dose and start twice daily dosing before consideringa
combination with a prokinetic. When symptoms and
esophagitis persist despite high-dose twice-daily PPI
therapy, 24-h pH-metry and Bilitec measurements
help to diagnose persistent acid reflux, nocturnal
acid breakthrough, or the presence of bile reflux, or
both. If duodenogastricbile reflux predominates, the
addition of another drug should be considered. Apart
from a prokinetic, potentially effective compounds
include baclofen, a GABA-B receptor agonist with an
effect on transient lower esophageal sphincter relax-
ations, a mucosal-protective compound such as su-
cralfate, or a bile salt binder such as cholestyramine.
Data in Barrett’s patients are however lacking.

Finally, newer drugs with more potent acid sup-
pressive capacities may in the near future offer new
treatment opportunities in particular for patients
with Barrett’s esophagus and severe gastroe-
sophageal reflux. These drugs may ideally have a
more rapid onset of action, a stronger suppressive ef-
fect, and longer duration of activity. They should en-
able a more complete elimination of acid reflux to
the Barrett’s esophagus with once daily dosing.

Prevention of Symptomatic Relapse

Studies on maintenance use of PPIs have shown that
these drugs are also very effective for the prevention
of symptomatic relapse of GERD. In the largest study
on PPl maintenance therapy in 230 patients with se-
vere reflux disease, maintenance treatment up to 11
years with omeprazole in variable dose was ini-
tialised depending upon symptoms and endoscopi-
cal presence of esophagitis [32]. During 1490
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Table 18.1 Cohortstudies into the effect of proton pump inhibitor (PPI) maintenance therapy on Barrett’s epithelium.

Patients Duration
Study Design Medication (n) (months) Outcome
Neumannetal.[38] Open Omeprazole 20mg o.d. 24 12-24 Appearance of squamous islands
1995
Malesci etal. [37] Open Omeprazole 60 mg o.d. 14 12 Reductionin length
1996
Sharma et al. [20] Open Lansoprazole 60 mg o.d. 27 48-72 Appearance of squamous islands
1997 and Sampliner
[39] 1994
Cooper etal.[35] Open Omeprazole 20mgo.d. 47 24-60 Appearance of squamous islands
1998
Peters et al. [24] Randomized, Omeprazole40mgb.d./ 65 24 Reduction in length and
1999 double-blind  ranitidine 150 mg b.d. appearance of islands with
omeprazole No change with
ranitidine
Wilkinson et al. Open Omeprazole 40mgo.d. 23 60 Appearance of squamous islands
1999 [33] and Gore
etal.[36] 1993
Srinivasan etal. Open Omeprazole 20mgo.d./ 9 13-118 Reduction in length

[34]2001
additional H2-blocker
when symptomatic

lansoprazole 30 mg o.d./

Appearance of squamous islands

b.d., twice daily; o.d., once daily

treatment years, 158 relapses of esophagitis were
observed, corresponding with one relapse per 9.4
treatment years. In another study on 27 Barrett’s pa-
tients, treatment with 60mg lansoprazole daily for
an average of 5.7 years led to persistent disease re-
mission without recurrent esophagitis [20]. Other
studies also indicate that long-term PPI treatment is
effective in Barrett’s patients to prevent sympto-
maticrelapse [24,33,34].

Regression of Barrett’s Epithelium

As columnar metaplasia of the distal esophagus is
largely confined to subjects with pathological gas-
troesophageal acid reflux, the question comes for-
ward whether profound acid suppressive therapy
can lead to regression of Barrett’s metaplasia. This
hypothesis has been tested in various studies

[20,24,33-39] (Table 18.1). Only one of these studies
had a randomized, double-blind design [24]. In this
study, 68 Barrett’s patients were treated for 24
months with either omeprazole 40 mg twice daily, or
with ranitidine 150mg twice daily. Endoscopy was
performed at 0, 3, 9, 15, and 24 months with mea-
surement of length and surface area of Barrett’s
esophagus; pH-metry was performed at 0 and 3
months. There was a small, but statistically signifi-
cant regression of Barrett’s esophagus in the
omeprazole group, both in length and in surface
area, with the latter showing a small reduction of 8%
after 24 months. No change was observed in the ran-
itidine group. The difference between the regression
in the omeprazole and ranitidine group was statisti-
cally significant for the area of Barrett’s esophagus
(P=0.02), and showed a trend in the same direction
for the length of Barrett’s esophagus (P=0.06) [24].
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All other studies had an open, uncontrolled design
and included fewer patients, although some had a
longer duration of follow-up. All of these studies
consistently reported that PPI maintenance therapy
leads to the appearance of islands of squamous ep-
ithelium within the Barrett’s segment [20,33-39]
(see Table 18.1), but only the two smallest studies re-
ported results similar to Peters et al. [24], i.e. areduc-
tion in length of the Barrett’s segment [34,37]. The
consistent report of the appearance of islands of
squamous epithelium supports the concept that
columnar metaplasia can be replaced by squamous
epithelium under persistent long-term non-acidic
conditions, but several critical remarks are justified.
First of all, only a few of these studies performed 24-
h esophageal pH-metry studies during PPI therapy
[20,24,34,37], confirming a esophageal pH < 4.0 for
less than 4% of time in all patients in all studies ex-
cept for one [20]. In the latter study, five (38%) pa-
tients still had an esophageal pH below 4.0 for 10.6 %
of time. Secondly, only one of the open studies had a
control group treated with an H2-receptor antago-
nist [38], and the open design in all these studies
makes observer bias an important potential con-
founder. Thirdly, foci of intestinal metaplasia may be
present underneath these squamous islands. Finally,
the repeated endoscopical evaluation of a Barrett’s
segment is subject to considerable inter and intraob-
server variation. This interferes with the repeated
evaluation of a Barrett’s segment in an individual pa-
tient. With these remarks in mind, the available data
suggest that high-dose PPI maintenance therapy
may lead to islands of squamous epithelium with an
area of Barrett’s metaplasia. If Barrett’s mucosa is ab-
lated endoscopically by endoscopic mucosal resec-
tion, photodynamic therapy or another treatment,
profound acid suppressive maintenance therapy is
needed for persistent re-epithelialization with squa-
mous epithelium [40].

Prevention of Neoplasia

Profound Acid Suppressive Therapy

This brings the question forward whether PPI main-
tenance therapy can prevent the development of
neoplasia in patients with a Barrett’s esophagus.
Data on this issue are scarce and inconclusive. First,

two cohort studies on long-term PPI therapy for
GERD demonstrated that this therapy cannot pre-
vent the new development of Barrett’s esophagus. In
one study of 230 patients with severe GERD treated
with 20-120mg omeprazole for an average of 6.9
years, 12% of the study population was newly diag-
nosed with Barrett’s metaplasia during follow-up
[32]. In a second study, 14.5% of 83 GERD patients
developed Barrett’s metaplasia during maintenance
treatment with 20-80mg of omeprazole [41]. These
data suggest that PPI therapy may not be adequate in
all patients to prevent the development of intestinal
metaplasia of the distal esophagus as a first step in the
cascade that can lead to esophageal adenocarcino-
ma. Nevertheless, other data support the hypothesis
that PPI therapy can slow the progression of this
process. In a cohort of 236 Barrett’s patients followed
for an average 5 years, the annual incidence of dys-
plasia was 4.7 %. Multivariate analysis revealed that
the use of PPI was independently associated with a
reduced risk of dysplasia with a hazards ratio of 0.25
(95% clearance interval [CI] 0.13-0.47) [42]. An-
other cohort study followed 350 Barrett’s patients
for amedian of 4.7 years. Patients who had not used
a PPI for at least 2 years during follow-up had 5.6
times (95% CI 2.0-15.7) the risk of developing low-
grade dysplasia [43]. These results with respect to
low-grade dysplasia may have been influenced by
the effect of PPI treatment on inflammation within
Barrett’s mucosa. Such inflammation is common in
the presence of pathological acid reflux, and inter-
feres with the interpretation of low-grade dysplasia.
If patients, who do not receive adequate acid sup-
pression, are diagnosed with low-grade dysplasia in
Barrett’smucosa, repeated biopsy sampling after 6-8
weeks of adequate acid suppression should be con-
sidered. However, the same series also reported that
PPI treatment reduced the risk of developing high-
grade dysplasia or adenocarcinoma (hazard ratio
20.9; 95% CI12.8-158.0) [42,44]. This is in line with
studies showing that profound acid suppression in-
creases the epithelial differentiation and decreases
proliferation within Barrett’s mucosa [44,45].

These encouraging results are however tempered
by others. Profound acid suppression decreases gas-
troesophageal acid reflux, but short pulses of acid
esophageal acid exposure often persist. I vitro stud-



ies show that these short pulses may increase cell
proliferation in Barrett’s mucosa [46]. Apart from
these acid pulses, many patients with Barrett’s meta-
plasia suffer from duodenogastric bile reflux [47].
Exposure to bile can induce or suppress prolifera-
tion, depending on the pH and thus on the level of
ionisation of bile salts and their capability to enter
the mucosal cell lining [48]. This capability is maxi-
mal in the pH range from 3.0 to 6.0, the range that is
usually reached during PPI therapy. These in vitro
data question whether PPItherapy has an unequivo-
cal preventive effective on neoplasia developmentin
Barrett’s epithelium. This is supported by clinical
observations. A cohort study including 417 patients
with Barrett’s esophagus did not find any effect of 4
years of omeprazole treatment on the incidence of
esophageal adenocarcinoma [49]. In the absence of
other data, we have to interpret the widespread use
of PPIs and the increasing incidence of Barrett’s
metaplasia and neoplasia as independent phenome-
na with the first having no demonstrated effect on
the latter. This means that PPIs should be prescribed
to Barrett’s patients to control symptoms and
esophagitis, but there is as yet no evidence that high-
dose maintenance treatment adequately prevents
neoplasia.

Aspirin and Cyclooxygenase-2 Inhibitors
A second approach for the chemoprevention of
esophageal adenocarcinoma aims at the use of as-
pirin and cyclooxygenase-2 (COX-2) inhibitors.
Reflux esophagitis and its complication of Barrett’s
metaplasia are chronic inflammatory conditions.
Intervention in this inflammatory process either by
selective COX-2 inhibition or combined COX-1 and
COX-2 inhibition by aspirin, may offer a mechanism
for chemoprevention. Chemoprevention is dis-
cussed in detail in Chapter 24.

Conclusions

The gastroesophageal junction is an important zone
within the gastrointestinal tract, with a high inci-
dence of neoplasia. The medical management of
patients with Barrett’s esophagus includes drug
therapy in most patients. Barrett’s patients have a
strong indication for maintenance treatment with a
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PPI, primarily to improve symptoms of acid reflux,
and for healing and prevention of recurrence of
esophagitis. Many patients suffer from severe acid
reflux, even though symptoms may be relatively
mild. Elimination of reflux often requires high-dose,
twice daily PPI treatment. Whether PPI therapy,
treatment with aspirin, or a selective COX-2 in-
hibitor reduces the risk for esophageal dysplasia and
adenocarcinoma in patients with Barrett’s metapla-
sia remains to be shown.
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Introduction

Barrett’s esophagus is defined as the replacement
of squamous esophageal epithelium by intestinal
metaplasia (IM) in the distal esophagus. It is a fairly
frequent complication of gastroesophageal reflux
disease (GERD): 5-10% of patients with GERD are
diagnosed with Barrett’s esophagus and GERD.
GERD appears to be essential for the development
of Barrett’s esophagus [1]. IM is a premalignant
lesion that may further develop into dysplasia
and lead to adenocarcinoma of the esophagus [2].
The latter now accounts for almost 50% of
esophageal cancer cases in Western countries, and
the largest increase in its incidence was recorded
during the past two decades [3]. Patients with Bar-
rett’s esophagus have a 2-25% risk of developing
low- to high-grade dysplasia and a 0.5-1.0% risk
of having adenocarcinoma, namely 30-150 times
higher than the general population. Forty to fifty
percent of Barrett’s esophagus patients with high-
grade dysplasia may develop adenocarcinoma with-
in 5 years [4,5].

Medical therapies using high doses of proton
pump inhibitors (PPIs) or surgical therapies (e.g.
fundoplication) have been proposed to reverse
Barrett’s esophagus and abrogate the trigger event
in the cascade of the metaplasia—dysplasia—cancer
sequence, namely GERD. Retrospective surgical
therapies have, however, failed to demonstrate a
significant benefit in Barrett’s esophagus regression
and on the development of adenocarcinoma [6-8].
Similarly, high doses of PPIs offer only a modest re-
mission with partial restoration of squamous islands
within the IM [9-15].
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The risk of surgery for patients with Barrett’s
esophagus who develop esophageal adenocarcino-
ma is very high with an operative mortality varying
between 1.6% and 9.4% [16]. These patients are
very often older, overweight with significant cardiac
and respiratory problems. Moreover, the surgical re-
section for high-grade dysplasia and early cancer still
has an early morbidity of more than 50% and a late
morbidity of 26% with an actuarial survival at 5
years of 79% [17]. Surgery is offering a “massive
macroscopic morbid solution for a microscopic mu-
cosal problem” [18] in this setting. Therefore, there is
clearly a place for an alternative, less invasive treat-
ment that could offer curative treatment to nearly
every patient. Photodynamic therapy (PDT) and,
even more impressively, mucosal resection have
reached a major place in this indication and are dis-
cussed in other chapters.

Thermal endoscopic modalities are relatively
cheap, technically easier than mucosal resection,
and have been directed towards:

1 The destruction of non-dysplasticIM, leading to its
replacement by squamous epithelium, in the hope of
having a direct impact on the risk of tumor
development.

2 The treatment of Barrett’s esophagus associated
with low-grade dysplasia with the same purpose.

3 The treatment of high-grade dysplasia or intramu-
cosal adenocarcinoma in patients who present for a
potential indication for surgical resection.

Destruction of Non-Dysplastic
Barrett's Esophagus

Ablation of Barrett’s esophagus stands as an attrac-
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tive alternative treatment that could directly impact
on the risk of tumor development. Recent studies
using laser therapy (Nd: YAG), argon plasma coagu-
lation (APC), and multipolar electrocoagulation
(MPEC) demonstrate, when combined with pro-
found acid suppression, significant Barrett’s esopha-
gus regression with eradication of IM and squamous
re-epithelialisation of the targeted lesions [19-22].
APC and MPEC have been the most studied in this
particular indication.

In an uncontrolled study, MPEC, associated
with profound acid suppression (omeprazole,
80mg/day), was able to induce visual reversal of
Barrett’s esophagus (assessed by lugol staining) in
85% of the cases, and complete reversal (no IM
demonstrated at biopsy) in 78% of the cases at 6
months follow-up [21].

Although less studied than APC, MPEC has been
recently revitalized with a prospective randomized
trial showing a similar efficacy of MPEC and APC (in
combination with high-dose PPI) in achieving endo-
scopic and histologic ablation [23]. Simple MPEC
using a Goldprobe (Boston Sc., Natick, MA) was also
reported as less time consuming than APC. On the
other hand, there is now ongoing development of
balloon-based bipolar electrodes [24], which might
render circumferential coagulation of long Barrett’s
segments technically much easier.

APC is the most extensively studied technique for
the ablation of non-dysplastic Barrett. This is a tech-
nique that is easy to use and allows the treatment of
large surface areas. The APC device consists of a con-
tact-free monopolar high frequency probe that de-
livers electrical energy through ionized plasma of
argon gas to the target tissue, engendering tissue sur-
face coagulation. The coagulation depth is reported
to be controlled to 1-3 mm due to the physical prop-
erties of the electrically insulating zone of tissue
dessication, which confers increased electrical resis-
tance and contributes to the limited depth of coagu-
lation. Depth of injury is however dependent on
generator power setting (0-155W, i.e. 30-90W for
Barrett’s esophagus ablation), argon gas flow rate
(0.5-7L/min, i.e. 1-2 L for Barrett’s esophagus abla-
tion), probe-tissue distance (2-8 mm) and duration
of application (0.5-2.0 s or continuous) [25]. When
applied in Barrett’s esophagus, APC generates a

white coagulum either circumferentially, point by
point for a short segment, or by achieving longitudi-
nal strips in a backward direction during withdrawal
of the endoscope.

Like for MPEC, short-term results of studies evalu-
ating the effectiveness of APC in combination with
PPI treatment for patients having non-dysplastic
esophagus have shown that, after one to six APC ses-
sions, a success rate of complete histological Barrett’s
esophagus eradication ranging from 55% to 100%
could be achieved [26-34] (Table 19.1). Partial re-
gression could also be observed in some patients with
a significant Barrett’s esophagus length reduction.
Higher success rates appear to be observed by up-
grading the APC power setting from 30-90 W, but
with increased incidence of strictures [31,32].

Endoscopic thermal ablation of Barrett’s esopha-
gus (61-100%) was not always associated with
histological eradication of IM (55-100%). In fact,
remaining buried glands and persisting IM under the
squamous re-epithelialisation were reported with a
frequency of 0-44% in areas where Barrett’s esoph-
agus was endoscopically eliminated (see Table 19.1).
For APC, the use of higher power setting (resultingin
adeeper injury) and higher PPI doses as suggested in
some studies may account for the very low incidence
of residual buried glands observed in some of the
trials.

It is amazing to notice that it is more than 10 years
after the first reports on clinical application of APC in
non-dysplastic Barrett’s that level 1 evidence of its
ability to induce partial or complete replacement of
IM by squamous mucosa has become available [35].
This was donein an interesting study of patients with
Barrett’s esophagus undergoing APC or surveillance
after surgery. Overall, at 1 year complete “ablation”
was achieved in 63 % of the treated group and 15%
of the surveillance group (P < 0.01). None of the pa-
tients had dysplasia at the end of follow-up and, in-
terestingly, in this subgroup of patients, they noticed
a reduction of the frequency of buried glands be-
tween 1 month to 1 year of follow-up (a feature at
the opposite of that known after APC application
without surgical fundoplication). This is clearly an
area which deserves more investigation since it
might become one of the few indications for endo-
scopic ablation of non-dysplastic IM.
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Complications of thermal ablation (APC and
MPEC) treatment include chest discomfort and
odynophagia, which are very frequent. Although
unusual, severe complications are not negligible and
include strictures [21,31-33], fever [21-31], bleed-
ing [21-33], or even perforation and death [27-31]
(the latter two were only reported with APC). When
APC was used, strictures were associated with higher
power setting and usually responded well to one to
three balloon dilatations. Fever with pleural effu-
sions was quite frequent in one study and may be re-
lated to microperforations [31]. Perforations (7 = 5)
were the most serious complications; two of them
resolved with conservative medical treatment and
parenteral nutrition; three required thoracotomy
and drainage, two of which died postoperatively
[27,30,31]. This is of course a major concern with
this technique, and is difficult to justify in these pa-
tients with non-dysplastic Barrett’s for whom endo-
scopic surveillance is effective. This is one of the
reasons why routine use of thermal ablation should
be ruled out for this indication, outside a careful
prospective study approved by the local ethics
committees.

Long-term results have been somewhat disap-
pointing with relapse ot IM with positive biopsies
ranging from 0% to 68% when performing endo-
scopic follow-up in patients successfully treated
(Table 19.2). Kahaleh et al. examined 39 patients
with a median follow-up of 36 months (range 12-46
months) in order to identify the predictive factors of
Barrett’s esophagus remission [34]. Multivariate
analysis revealed that short Barrett’s esophagus and
normalization of acid exposure with PPI treatment
(as demonstrated by 24-h pH-metry) were the only
independent predictive factors for sustained long-
term re-epithelialisation. Recently more optimistic
results were reported [36] at a median of 51 months
(range 9-85 months) after APC ablation with a re-
lapse rate of IM evaluated at 3% per year.

That the length of Barrett’s esophagus is a predic-
tive factor is already reported in previous studies,
and is an obvious factor: short IM areas are easier to
eradicate than larger areas. Incomplete endoscopic
eradication with the persistence of residual buried
glands may indeed be responsible for early relapse of
Barrett’s esophagus. Adequate and optimal acid sup-

pression should have been guessed when clinical
trials demonstrated almost no Barrett’s esophagus
relapse with very high doses of PPI (omeprazole
60-120mg) [32-36]. In the Kahaleh study, patients
with normal pH monitoring relapsed less than pa-
tients with abnormal monitoring results (12.5% vs.
83%) while receiving PPIs [34]. Along the same line,
Basu et al. observed a higher rate of Barrett’s esopha-
gusrecurrence in patients who had reduced their PPI
use [26]. This suggests that, once the eradication is
obtained, it should be followed by a life-long treat-
ment with high doses of PPIs to avoid recurrence.
However, it is worth mentioning that patients taking
PPIs with normal pH monitoring may still relapse.
Indeed, both acid and biliary reflux are significantly
higher in patients with Barrett’s esophagus than in
controls or patients with GERD [37,38]. Interesting-
ly, a trend for more severe biliary reflux was ob-
served among patients with persistent Barrett’s
esophagus at the end of treatment in the Basu study
[26]. This emphasizes that acid reflux is surely not
the only factor to be considered when looking for the
mechanisms affecting outcome of such treatment
[39]. Also interestingly, the immunohistochemical
expression of p53, a potential biomarker of carcino-
genesis, when present in Barrett’s esophagus, re-
mains unchanged after ablation in the new
squamous mucosa [40].

Another concern with thermal ablation is the de-
scription of two cases of adenocarcinoma arising
under the squamous re-epithelialization [41,42].
This adenocarcinoma may have progressed during
follow-up from residual buried glands and may have
been missed by routine surveillance biopsies. Such
discovery is concerning when considering the high
percentage of residual buried glands after treatment
and the relapse rates of IM on longer follow-up. After
a total follow-up of 173 and 280 patients per year,
Morris etal. and Madisch efal. did not observe the de-
velopment of dysplasia or adenocarcinoma in their
group of treated non-dysplastic patients [30,36].
This suggested a potential benefit of such treatment
when compared to the overall incidence of cancer in
untreated Barrett’s esophagus patients. In the long-
term follow-up of our cases [34], we observed two
adenocarcinomas, which represents an incidence
very similar to the one observed in the general
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Barrett’s esophagus population not undergoing
ablation. This not only suggests that surveillance and
biopsies targeting could not be avoided but even
could become more ditficult after treatment comple-
tion, since the lesion may be covered by squamous
epithelium. This also questions the final objective of
such ablative therapy: cancer prevention.

Whether PDT could provide better results than
thermal therapy is unlikely, as suggested by a recent
prospective study where APC appears more effective
than 5-aminolevulinic acid (5-ALA) PDT [43].

Cost-effectiveness of these treatments has not
been studied but is highly questionable. If successtul
in every patient, the cost of a median of three endo-
scopic therapy sessions is not minor. Moreover, the
cost of potential complication management must be
considered, and may be very high. Furthermore, life-
long maintenance therapy with high doses of PPI will
also dramatically enhance the cost of this ablative
therapy. This might be justified if no further follow-
up was needed, which is far to be demonstrated Cur-
rently, available data suggest that thermal ablation
increases the cost of management/surveillance of
non-dysplastic Barrett, and is associated with poten-
tial complication without any demonstrated clinical
benefit. Therefore, not only should it not be per-
formed outside of rigorous clinical trials, but the po-
tential usefulness of new trials should be carefully
analyzed, maybe focusing on subgroups of patients
such as those having had previous fundoplication.

Barrett’s esophagus associated with low-grade
dysplasia represents a group of patients for whom
there is no consensus about treatment. Although al-
most all the ablative therapies have been shown to
eradicate low-grade dysplasia, and most of the series
included some patients with this condition, the po-
tential impact on the development of adenocarcino-
ma is not known. This is, however, the first group of
patients where a level 1 evidence for potential rever-
sal of IM became available [44], and it was with PDT
and not with thermal therapy. Using 5-ALA PDT in
combination with omeprazole, versus omeprazole
alone, the authors were able to achieve regression of
low-grade dysplasia in 100% in the 5-ALA group
versus 33 % in the omeprazole group at 1 year. Long-
term follow-up of these patients would be of major
interest. In addition, since this group recently

showed [43] that thermal ablation with APC is
slightly better than PDT in ablating dysplastic Bar-
rett’s esophagus, APC, which is easier to use and
more widely available, would deserve to be specifi-
cally studied in this indication.

Endoscopic Ablation of High-Grade
Dysplasia or Early Cancer
(Mucosal Type)

This is the area where local endoscopic therapy is
currently the mostinteresting since it challenges sur-
gical resection and provides a lower morbidity and
mortality. Mucosal type early cancers are known as
having almost norisk of lymph node metastases. Un-
fortunately, there are mainly two techniques thatare
used successfully in this indication, namely PDT and
mucosectomy, and thermal therapy plays only a
minor role, if any [45,46]. It is however occasionally
used, in combination with mucosal resection, to re-
move the small areas of residual IM [47].

Conclusion

Thermal therapy for ablating Barrett’s epithelium
has been widely studied in non-dysplastic Barrett’s
esophagus, but no evidence is currently available
that sustains its potential routine use in this indica-
tion. There is, however, some niches of indications
that deserve further investigations such as the de-
struction of Barrett’s esophagus after surgical fundo-
plication (or endoscopic treatment of GERD) and
destruction of IM associated with low-grade dyspla-
sia. Long-term data (with a special focus on the de-
velopment of high-grade dysplasia or cancer) on all
patients having been included in the currently pub-
lished trials would also be of major interest.
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Background

The field of ablation therapy for Barrett’s esophagus
has been markedly changed by the completion of a
prospective randomized trial that for the first time
has demonstrated that photodynamic therapy (PDT)
can significantly reduce the risks of cancer develop-
ment as compared to observation [1]. This is the first
non-surgical therapy for Barrett’s esophagus that
has been shown to decrease cancer risk. Because of
this, itisimportantfor anyone interested in the treat-
ment of Barrett’s esophagus to be familiar with PDT
and laser ablation.

Endoscopic therapy for Barrett’s esophagus is con-
trolled by two major factors. The first is the control of
chronic gastroesophageal reflux disease that has
been previously discussed in Chapter 14. Acid
suppression is necessary, but the degree of control
needed to ablate tissue has yet to be established.
Prospective randomized trials have shown that less
than normal degrees of acid suppression do not de-
crease the effectiveness of ablative therapies. The
second issue in treatment of Barrett’s esophagus is
the elimination of the metaplastic mucosa. PDT has
been thought to be almost optimal for this because of
the ability of endoscopists to treat large segments of
mucosa with a single application of light and drug.
However, before any treatment course is taken for
Barrett’s esophagus, itisimportant to address patient
issues, physicianissues, and the physical characteris-
tics of the Barrett’s esophagus. Patient-related issues
would include factors such as whether or not the pa-
tient is anticipated to enjoy a long quality life. Pa-
tients who are of advanced age or have multiple
comorbidities that would severely limit their sur-
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vival would definitely be less likely to require any
intervention. On the other hand, young patients
without any comorbidities might well benefit from
surgical options since a lifetime of future surveil-
lance might not be necessary. The factors that are re-
lated to the physical characteristics of Barrett’s
esophagus include the detection of dysplasia or can-
cer. If only non-dysplastic Barrett’s is found, most
esophagologists would not consider doing PDT or
any other ablative therapy because of the low risk of
cancer. Although there is some benefit for decreasing
the need for surveillance and alleviating patient
anxiety, thus far, no therapy targeted towards non-
dysplastic Barrett’s has actually been able to find
any long-term benefit in terms of decreased cancer
risk or increased survival with these therapies. In
patients who are in between these two groups, endo-
scopic therapies might well be the preferred choice.
Other physical characteristics might also include the
presence of nodules within a Barrett’s esophagus
with dysplasia, which would increase the risk of
cancer being present. These lesions should be fully
characterized by endoscopic ultrasound or hopefully
removed with endoscopic mucosal resection in order
to exclude the possibility of cancer being present.

Thermal Laser Therapy for
Barrett’'s Esophagus

Laser (light amplification by stimulated emission of
radiation) refers to light energy that has the proper-
ties of coherence, collimation, and monochromatici-
ty. Coherence refers to the fact that all the photons
from the laser are in the same phase. Collimation
refers to the non-divergence of the light. This means
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that even when the light is shining long distances,
the beam remains very tight rather than diffusing to
wider diameters over distance. These properties ac-
count for the use oflasers as pointers, as the laser spot
remains focused despite great distances. Monochro-
maticity indicates that all photons have the same
wavelength (or color). If a prism were applied to
laser light, only one color would be seen through the
prism [2]. A thermal laser system consists of an exci-
tation source that provides the energy for stimula-
tion, a substrate (medium) that is stimulated and
produces the photons, and lastly a resonator system
that produces the collimated beam of light. The laser
type is defined by the substrate that is used to pro-
duce laser light, which may be solid, liquid, or gas.
The substrate type also determines the wavelength
of the laser light that is produced, although adjust-
ment of the wavelength can be done with optical
techniques.

In 1960, Maiman constructed the first laser that
could produce visible light by using a synthetic ruby
crystal [3]. This was followed by use of several other
substrates including neodymium (Nd), praseodymi-
um (Pr), thulium (Tm), holmium (Ho), erbium (Er),
ytterbium (Yb), gadolinium (Gd), and complex mol-
ecules such as yttrium—-aluminum-garnet (YAG).
The energy produced by a thermallaser is focused on
a very small area which can produce significant tis-
sue damage.

Special terms are used to measure the laser energy.
Irradiance is the power used to deliver energy to tis-
sues and expressed as power per unit of surface area
(watts per square centimeter). Fluence is the total
amount of energy applied to a tissue and is deter-
mined by multiplying the irradiance by the duration
of light exposure. Fluence is expressed typically as
joules per square centimeter. The laser and tissue in-
teraction are affected by wavelength of the light, the
power of the laser light, the mode of emission of laser
energy (pulsed vs. continuous), and the optical prop-
erties of the tissue (absorption and scattering).

Laser energy can produce various effects depend-
ing on the degree of thermal injury to protein. De-
naturation of protein occurs with moderate tissue
heating (>40°C), protein coagulation occurs when
temperatures reach >60°C, vaporization of tissue
water occurs at 100°C, tissue charring occurs with

temperatures reached that are over >250°C, and fi-
nally tissue vaporization occurs at >300°C. The ther-
mal lasers that have been used in Barrett’s esophagus
have had a wide range of abilities to injure tissue.

The Nd: YAG laser with a wavelength of 1060nm
has a relatively deep tissue penetration of 4-6 mm
that results in more extensive tissue injury [4-6].
Similarly, semiconductor diode lasers (805-980nm)
can penetrate up to 10mm and cause coagulation.
Argon lasers (455-515nm) have a penetrance of
1 mm and KTP:YAG lasers (532nm) have penetra-
tion from 0.3 to 1.0mm. These are laser types with
the least ability to cause deep tissue injury and have
beenselected to avoid complications such as perfora-
tion or stricture. Pulse dye laser (504nm) can cause
“plasma” bubbles. The expansion of these plasma
bubbles changes the ultrastructure of tissue and dis-
rupts it along stress lines [7].

In the mid 1960s, the use of the laser was explored
in the management of cancer on experimental
basis [8-10].In 1984 Boyce and Swain et al. used en-
doscopic laser techniques to palliate advanced
esophageal adenocarcinoma [11,12]. Several other
studies in the late 1980s and early 1990s, mainly
using the Nd:YAG laser, were also directed toward
unresectable tumors of esophagus [11,13-17]. The
experimental studies on animals and the initial use
of laser for the management of Barrett’s was initially
reported in 1992 [18-20]. The experimental use of
thermal lasers in Barrett’s esophagus in the last
decade can be divided into three indications. The first
indication is Barrett’s with low-grade or no dyspla-
sia. The use of laser in this group can be considered
preventive as this may eradicate Barrett’s and there-
fore potentially prevent the development of high-
grade dysplasia (HGD) and cancer. The second group
is Barrett’s with HGD with or without superficial
cancer. The conventional treatment for this group is
esophagectomy as the risk for malignancy is high.
When only HGD is present and these patients are
managed by periodic surveillance without surgery
for 5-7 years, about 30% develop cancers and about
another 30% of patients have persisting HGD; and in
30% of patients the HGD regresses [21,22]. Laser use
in this group can be considered therapeuticand is in-
tended to eliminate both HGD and occult carcinoma.
The third indication is for palliation of patients with
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advanced-stage esophageal cancers arising in the
background of Barrett’s esophagus. This indication
hasnotbeen clinically successful, given the popular-
ity of expandable metal stents, so it will not be dis-
cussed further.

Use of Thermal Lasers as a
Preventative Therapy in
Barrett’'s Esophagus

The use of lasers to treat Barrett’'s mucosa began
about a decade ago. The primary problem with
thermal lasers has been the residual intestinal glands
that remain underlying the endoscopically normal
appearing squamous mucosa. Brandt and Kauvar re-
ported treatment of a patient with Barrett’s esopha-
gus by the use of Nd:YAG in 1992 (Fig. 20.1) [19].
The patient was noted to only have a transient re-
gression of Barrett’s that reappeared after 14 weeks.
Suppression of acid and repeat treatment with
Nd:YAG subsequently eliminated the Barrett’s mu-
cosa [19]. This became the basis of the perceived
need for a degree of acid suppression to generate
squamous epithelium. In 1993, Sampliner et al. re-
ported another case in which only a half of the Bar-
rett’s esophagus was ablated, demonstrating that the
squamous re-epithelization was limited only to the
ablated area [23]. Later in 1993, Berenson et al. re-
ported a case series of 10 patients with Barrett’s
esophagus (two patients with low-grade dysplasia
[LGD]) treated with an argon laser every 2—5 weeks
[24]. Each patient had 1-8 areas of treatment, rang-
ing from 0.5 to 12.0 cm?. After a follow-up period of
2-9 months, 38/40 treatment areas showed partial
or complete squamous epithelization. This study in-
dicated that complete re-epithelization was more
likely if the ablated segment of Barrett’s tissue was
adjacent to squamous epithelium. In fact, the more
contact the segment had with squamous tissue, the
better the re-epithelialization. The summary of the
most recent laser series is outlined in Table 20.1
[24-29].

Barham ez al. have used the KTP: YAG to ablate 16
patients with non-dysplastic Barrett’s esophagus
[25]. Omeprazole (40mg a day) was used for acid
suppression and 20 mg for maintenance. After a pe-
riod of 3—18 months; 13 patients had surface epithe-

Fig. 20.1 A typical high-powered Nd: YAG laser. This
device requires special power and water cooling systems
such that, even though it is portable, rooms have to be
equipped with 220 V three-way current to power this unit.

lization with squamous epithelium. In 11 patients,
23/53 biopsies showed persistence of Barrett’s under
squamous. No significant complications occurred.
Another study by Biddlestone ef al. using a similar
KTP:YAG in 10 patients showed small islands of
squamous epithelium in six patients [26]. Longer
stretches of surface squamous epithelium were
found overlying glandular tissue in nine patients, su-
perficial squamous metaplasia of Barrett’s glands in
six patients, and squamous lining of deeper parts of
Barrett’s gland in only two patients [26]. Gossner
et al. treated four patients with Barrett’s esophagus
and LGD using a KTP:YAG [27]. A non-contact
semicircular technique was used in two separate
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Table 20.1 Lasers for eradication of Barrett’s esophagus with or withoutlow-grade dysplasia.*

Patients No. of Squamous Follow-up

Diagnosis (n) Laser treatments epithelization (months) Comments Ref.

BE +LGDt 10 Argon 1-8 38/40 segments 2-9 Partial remission [24]

BE 4 Nd:YAG 5-6 0 6 No difference [28]
compared to acid
suppression alone

BE 16 KTP 1-6 13 onsurface 3-18 Persistence at depth [25]
in11

BEtT 11 Nd:YAG 1-8 9 8-52 Metaplasia of cardia [29]
in2

BEt 10 KTP 1-6 9onsurface 4 Persistence at depth [26]
in8

BE+LGD 4 KTP 2 4 6-12 Barrett'slength [27]
2-4cm

BE, Barrett's esophagus; LGD, low-grade dysplasia.
*Acid suppression.

t Some patients had fundoplication; others on proton pump inhibitors.

procedures. Adequate acid suppression was ensured
by 24-h pH monitoring and proton pump inhibitors
(doses as high as 80 mg daily). All patients had elimi-
nation of dysplasia on a short follow-up of 6-12
months. Patients in this study had Barrett’s length
ranging between 2 and 4 cm [27].

These positive results have been encouraging;
however, anegative study has been reported as well.
Luman et al. published a randomized pilot trial of
eight patients comparing acid suppression with pro-
ton pump inhibitors versus acid suppression and ad-
ditional Nd: YAG treatment [28]. According to their
report, the extent of Barrett’s remained unchanged
in both groups. In addition, surgical fundoplication
has been used for acid control. Salo et al. used
Nd:YAG after fundoplication for acid control and
reported the complete eradication of esophageal
Barrett’s in 9/11 patients, with a follow-up period
ranging from 8 to 52 months [29]. Two patients had
persistent specialized intestinal metaplasia of cardia.
There were no reported complications.

The eradication of Barrett’s esophagus with or
without LGD is feasible using various forms of ther-
mallasers. Theoretically, Nd: YAG can cause deep in-

jury and thus has the best chance to eradicate the
deeper Barrett’s glands, but this can potentially in-
crease complications including perforation and stric-
ture formation. Perforation can occur in upward of
7% cases, as has been noted during palliative laser of
esophageal cancer [30-32]. The power levels used
in the treatment of Barrett’s esophagus are much
smaller and are probably less likely to cause this
degree of complication but caution should be
exercised.

The trials reported to date have not reported any
significant complications, although the number of
cases is limited. KTP laser therapy causes more su-
perficial injury and may lead to less complications.
There is a suggestion that these therapies may be as-
sociated with increased persistence of Barrett’s ep-
ithelium underlying the neosquamous lining, which
can complicate surveillance after the procedure.

Lasers in the Treatment of HGD
and Adenocarcinoma

Laser use in Barrett’s esophagus with HGD or super-
ficial adenocarcinoma is limited. In 1995, Ertan et al.



200 Chapter20

Table 20.2 Thermallasers used in Barrett’s esophagus with high-grade dysplasia or superficial adenocarcinoma.

Patients No. of Follow-up
Diagnosis (n) Laser treatments Results (months) Comments Ref.
HGD +sACA 1 Nd:YAG 5.0 Eradication 30 Second [33]
in1 focus of
cancer
HGD +sACA 442 KTP 2.4 Eradication 9-15 Residual [27]
in6 Barrett’s
in1
SACA 6 Nd:YAG + 2.8+3.3 Initial 9-86 Recurrence [34]
MPEC eradication of SACA
in6 in1
HGD +sACA 17 Nd:YAG — Eradication — — [35]

in11

HGD, high-grade dysplasia; MPEC, multipolar electrocoagulation; sACA, superficial adenocarcinoma.

reported a single case of Barrett’s with HGD and in-
tramucosal adenocarcinoma that was treated with
Nd:YAG [33]. The patient declined surgery and un-
derwent five treatment sessions. Acid suppression
was achieved with omeprazole (40mg). At 18
months there was complete squamous epitheliza-
tion, which persisted up to 30 months. The patient
did develop a new focus of cancer contiguous to the
first site, required repeat treatment, and remained
tumor free at 12 months after the last treatment.
Small pilot trials involving three to six patients have
recently been reported (Table 20.2) [27,33-35]. The
studies used KTP and a combination of Nd: YAG and
multipolar coagulation with limited success. It is dif-
ficult to assess the use of this technology given the
limited number of patients treated. One trial with 17
patients with superficial cancers and HGD had 100%
elimination of cancer or dysplasia, but did have stric-
tures develop in 12% of patients and one episode of
gastrointestinal bleeding from an esophageal ulcer.

PDT and Barrett’'s Esophagus

PDTis the result of an interaction between three sep-
arate distinct components. First, a drug termed a
photosensitizer is administered intravenously in the
case of sodium porfimer and is selectively taken up
by Barrett’s esophagus 48 h prior to photoradiation

with light of a specific wavelength to activate the
photosensitizer. Photoradiation is done with a light
of 630 nm wavelength. The light activates the photo-
sensitizer, which causes the photosensitizer to enter
triplet state, which in turn interacts with molecular
oxygen producing singlet oxygen that causes cell
damage. This effect was first credited to Oscar Raab
who was working on developing antimalarial com-
pounds in 1897. Raab found that drugs such as acri-
dine were much more toxicin sunlight to paramecia.
A Nobel prize was actually awarded to Niels Finsen in
1903 who found that ultraviolet light could treat
cutaneous tuberculosis and smallpox. The work with
PDT in human neoplasia only began in 1960 at the
Mayo Clinic.

The delay between administration of drug and
photoradiation is to allow the drug to diffuse out of
normal tissues. It is found that at 48h, there is the
largest difference in concentration between neoplas-
tic and normal tissues. There are other agents, such
as aminolevulinic acids (ALAs), which can be amin-
istered orally just 4 h prior to photoradiation. ALA is
a prodrug that must be converted to protoporphyrin
IX within the cell mitochondria. The protoporphyrin
IX is what serves as the photosensitizer. The advan-
tage of using ALA is that this is predominately a
mucosal agent, so esophageal strictures are very
uncommon. In addition, the drug itself is eliminated
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rapidly so there is not the prolonged duration of
cutaneous photosensitivity that is seen with sodium
porfimer, which persists in the skin for upwards of
30-90 days after drug administration. Newer agents
have been evolved, but not yet clinically approved in
the gastrointestinal tract. These agents generally can
be activated by light of longer wavelengths for deep-
er tissue penetration and much shorter degrees of
cutaneous photosensitivity often lasting only a day.
These photosensitizes include m-tetrahydrox-
yphenylchlorin (m-THPC), lutetium texaphyrin,
polyvinylpyrroolidene, Ester-analogs of ALA,
Redachlorin, hydroxybacteriopheophorbide, and
talaporphyrin. Of course, with this rapid drug clear-
ance, the treatment window in which photoradia-
tion must be applied is also vastly decreased to
typically about 2h. However, treatment can also be
given much closer to drug injection allowing clini-
cians to truly make PDT a 1-day procedure.

Photoradiation can be conducted at 630nm with
sodium porfimer because this is the deepest pene-
trating light than can be used with the drug. Al-
though shorter wavelengths of light (blue—green
light) can be used to activate the drug, red light is pre-
ferred since it can penetrate the tissue and itisless ab-
sorbed by hemoglobin which is obviously present in
large amounts in tissue.

This is the principle behind using shorter wave-
lengths of light to diagnose intrapapillary capillary
loops in narrow band imaging. In this technology,
the shorter wavelengths of light are heavily absorbed
by hemoglobin; therefore, the areas that contain
blood are enhanced because they become dark areas
that absorb light.

Light sources used for PDT are usually lasers be-
cause the light needs to be delivered within body
cavities. It should be recognized that a wide variety of
light sources can be used to activate sodium por-
fimer. For instance, a broad band light source, even
such as that within the endoscope, can activate the
drug. Lasers have definitely evolved from tunable
dye lasers that require specialized water cooling and
high voltage, 220V, three-way outlets, to solid-state
diode lasers that can be operated from standard
110 V outlet current sources and are air cooled. The
future of photoradiation will probably be higher
power light admitting diodes (LEDs) that can be cou-

pled to probes, which can provide light energy
to tumors with even greater ease and decreased
cost.

The dosimetry involved in photoradiation must be
carefully calculated for photodynamic effect. Ideally,
the dose should be calculated based upon the surface
area treated. However, in the case of esophageal
therapy, thisis usually judged to be a fixed amount of
light per length of diffusing fiber inserted. The bare
fiber was initially used as shown in Plate 20.1 (color
plate section falls between pp. 148-9). The problem
with this was the positioning of the fiber was often
not within the center of the lumen of the esophagus
and unequal radiation would occur. The US Food
and Drug Administration (FDA) approved this dose
method for PDT using a photoradiating balloon at
130J/cm of fiber (Plate 20.2; color plate section falls
between pp. 148-9) which helped to center the
balloon. The power output is recommended to be
400mW/cm of fiber. Therefore, treatment times are
generally around 365s or 6min for the average
photoradiation session.

The effect of PDT is delayed for about 8 h after light
application. After photoradiation, there is no mu-
cosa effect but gradual mucosal ischemia, necrosis,
and apoptosis occurs creating an eschar that can be
viewed in 24 h (Plate 20.3a,b; color plate section falls
between pp. 148-9). Patients also usually do not ex-
perience pain or other side effects until 8 or more
hours after photoradiation.

The initial application of PDT in the gastrointesti-
nal tract was primarily palliation of unresectable
cancers which involved bare cylindrical diffusing
fibers thatallow the light to be distributed perpendic-
ular to the axis of the endoscope. Balloons were later
introduced to allow more uniform treatment of the
flat mucosa found in Barrett’s esophagus. Balloons
theoretically allow the mucosa to be flattened out to
prevent the protruding area of mucosa from casting
shadows producing islands of untreated Barrett’s
mucosa. The first use of PDT in Barrett’s esophagus
was reported by the group from Roswell Park in ab-
stract form in 1990 when two patients that were
treated for early esophageal cancer also had elimina-
tion of their Barrett’s segment. Since then, PDT
has been used in a number of reports in Barrett’s
esophagus.
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PDT for Barrett’'s with or
without LGD

The evidence for the use of PDT for eradication of
Barrett’s without dysplasia or LGD is limited. Laukka
and Wang reported the use of low-dose PDT in man-
agement of Barrett’s esophagus [37]. Five patients
were treated with 1.5mg/kg of hematoporphyrin
derivative (HpD); 48 h later they were photoradiated
(at 630nm) and delivered a total energy of 175 J/cm.
The Barrett’s area decreased by 10-50%, the LGD
persisted, and Barrett’s buried under neosquamous
epithelium was noted. None of the five patients
developed stricture. The study used proton pump
inhibitors for acid suppression.

Overholt et al. reported the use of PDT in 14 pa-
tients [36]. Porfimer sodium was used as a photosen-
sitizer (2mg/kg) and light was delivered using
an esophageal centering balloon (energy 175-
200J/cm). The post-treatment follow-up period
ranged from 4 to 84 months. One patient developed
HGD, and 13 patients had no dysplasia. The Barrett’s
mucosa was completely ablated in seven patients.
Contact thermal therapy using the Nd:YAG laser
was combined with PDT in the majority of these pa-
tients. Islands of persistent Barrett’s mucosa were
treated with thermal cautery. Overall, a 75-80%
reduction in Barrett’s surface area was reported.
Strictures occurred in 34% of the patients treated.
The study used proton pump inhibitors for acid
suppression.

A long-term follow-up study in 40 patients
with LGD treated with ALA-based PDT has recently
found that macroscopic reduction in the amount
of Barrett’s mucosa occurred in 88%. More
importantly, eradication of dysplasia was found in all
patients, which has persisted for a mean of 53
months.

To date, only one study has directly compared the
use of PDT with laser ablation. Biddlestone et al. did
not find any difference between PDT using ALA as
the photosensitizer and KTP laser-based mucosal ab-
lation [26]. Theoretically, PDT may be safer because
it does damage the connective tissue matrix and
therefore is non-perforating. Although the reported
data suggest that PDT may produce more strictures
than thermal therapies, this may be a dose-related

phenomenon. In our experience, if the drug and
light dosages are decreased, stricture formation is an
uncommon event.

PDT in Treatment of HGD
and Adenocarcinoma

In a large multicenter trial a total of 208 patients
were randomized 2 : 1 to either PDT with 20 mg twice
a day of omeprazole or to 20 mg of omeprazole alone
a day [1]. Patients were followed using a four-
quadrant jumbo biopsy protocol for a period of 2
years. All biopsies were read at a single center. What
is very remarkable about this study is that 485 pa-
tients were initially screened for this study of which
only 208 qualified on re-biopsy. Over half of the pa-
tients that were screened actually were not found to
have HGD on follow-up endoscopy. Of the 208, 138
patients were treated with PDT versus 70 treated
with omeprazole alone. The mean age of the patients
was 66 years, 85% were male, and 99% were
Caucasian, which is fairly representative of the
Barrett’s population. This trial involved 27 sites
throughout the USA, Canada, UK, and France.
The patients were similar in the sense that two-thirds
had HGD at multiple levels. Using an intention to
treat analysis, 77% of the patients in the treatment
group had elimination of HGD during the 2-year
interval. Unfortunately, esophageal strictures were
reported to occur in one-third of the patients treated.
A number of additional observational studies have
been reported using PDT for Barrett’s esophagus.
These are listed in Table 20.3. Different agents
and application techniques (centering balloons and
other devices) make it very difficult to compare the
results.

PDT has recently been reported to eliminate HGD
for long periods of observation [39]. In one series
that used sodium porfimer based PDT and Nd: YAG
laser therapy for residual Barrett’s mucosa, 103 pa-
tients with HGD, LGD, or early cancer have been fol-
lowed for amean of 51 months. HGD was eliminated
in 60/ 65 patients, although three of these (5%) did
develop subsquamous non-dysplastic metaplastic
epithelium. Intention-to-treat analysis showed that
the success rates were about 44% for those with
early stage cancer and 78% for patients with HGD.



Ablation of Barrett’s Esophagus with Laser and PDT 203

Table 20.3 Photodynamic therapy (PDT) for high-grade dysplasia or cancer in Barrett’s esophagus.

Patients No. of Follow-up
Study Diagnosis (n) Agent Rx Results (months) Year
PhoBar [1] HGD 208 Sodium Porfimer 3 77% HGD 24 2005
Pech [47] HGD, CA 66 ALA 1-2 97-100% response 37 2005
Wang [48] LGD, HGD, CA 169 Porfimer, HpD 2 50% complete ablation 54 2005
Wolfsen [49] HGD, CA 102 Sodium Pofimer 1 56% complete ablation 19 2004
Etienne [50] HGD, CA 12 m-THPC 1 100% complete ablation 34 2004
Overholt[41] LGD,HGD,CA 103 Sodium Porfimer N/A 44% CA, 78% HGD 51 2003
Gossner [51] HGD, CA 27 ALA 2 100% HGD, 55% CA 17 1999

ALA, aminolevulinicacid; CA, cancer; HGD, high-grade dysplasia; LGD, low-grade dysplasia; m-THPC, m-

tetrahydroxyphenylchlorin; N/A, not applicable.

LGD responded the best with 93 % of patients having
elimination of dysplasia.

In addition, multiple studies have been reported
using Markov modeling to determine the most cost-
effective way of managing Barrett’s esophagus with
HGD considering such strategies as surgical resec-
tion, continued careful observation with surgery it
cancer is found, or PDT with continued surveillance.
These studies have all found that PDT with efficacy as
defined in the literature is the most cost-effective
strategy that dominates both surgery and observa-
tion [42,43]. The incremental cost-benefit of doing
endoscopic ablative therapy with PDT was a reason-
able $25,621 when compared with no therapy [42].
The typically accepted amount for clinically reason-
able procedures is $50,000 or less. Surgery only
became cost-effective on sensitivity testing if the
incidence of cancer exceeded 30% a year which
hasnever been reported to occur.

There are still some caveats to mention in the
treatment of HGD with PDT. One is the persistence of
genetic abnormalities in any residual tissue after
PDT. This was originally reported in three patients
that despite initial down-staging of dysplasia for a
minimum duration of 18 months, re-developed
HGD and were all found to have persistence of genet-
ic abnormalities such as p53 or ploidy [44]. This has
also been reported recently in a much larger cohort
of 29 patients who had either PDT or argon plasma

coagulation of dysplastic or non-dysplastic Barrett’s
mucosa. Abnormal chromosome number and in-
creased p53 expression were found in areas of
residual Barrett’s mucosa [45]. This implies that any
ablative therapy for Barrett’s esophagus should at-
tempt to eliminate all areas of Barrett’s mucosa. The
firstreported death using PDT for ablation therapy in
Barrett’s esophagus was described in a randomized
trial using ALA PDT at different dosages of light as
well as argon plasma coagulation for non-dysplastic
and LGD [46]. One patient who received ALA 3 days
prior died of unknown causes. This is worrisome
since ALA is known to cause hemodynamic instabil-
ity especially in dehydrated patients. This reported
case raises the spector that this vascular instability
may persist for longer periods of time with ALA.

Conclusions

Thermallaser therapy has been shown to be relative-
ly effective in localized lesions. However, this tech-
nology is not routinely available anymore because of
limited clinical utility and cost. PDT appears to be in-
creasing in popularity, althoughitstillisnot available
atmost medical centers. Recent completed trials sug-
gest that it is effective in decreasing HGD and cancer
risk compared to surveillance alone. Cost-efficacy
analysis suggests that this may be the best strategy for
HGD. However, ablative therapy should be able to
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completely eliminate the metaplastic mucosa in
order to eliminate cancerrisk. The future of this ther-
apy willreside in the development of new agents that
can be applied on the day of therapy and that can
markedly reduce the duration of cutaneous photo-
sensitivity. A decrease in stricture rates should also
be possible with better dosimetry.
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Background

In the early 1990s, there was a marked increase in
the clinical importance of Barrett’s esophagus.
This was mainly due to the increase in the incidence
of adenocarcinoma of the esophagus and at the
esophagogastric junction and a growing under-
standing of the pathophysiological connections
between reflux disease, Barrett’s metaplasia, and
adenocarcinoma. Endoscopic technology (above all
high-resolution video-endoscopy), the training of
endoscopists, enthusiasm on the part of pathologists
and gastroenterologists, and epidemiological condi-
tions have all contributed to the current “Barrett’s
boom” [1].

It has been well demonstrated that acid reflux is
strongly associated with the development of adeno-
carcinoma and that Barrett’s carcinoma develops
through a multistep pathway. This process is charac-
terized by the metaplasia—intraepithelial neoplasia
(low-grade intraepithelial neoplasia [LGIN]/high-
grade intraepithelial neoplasia [HGIN])—-adenocarci-
noma sequence [2,3]. Therefore, early detection of
superficial neoplasia has become important in the
past several years and several techniques like
chromoendoscopy, photodynamic diagnosis, optical
coherence tomography, and endomicroscopy have
been developed. Early detection of neoplasticlesions
in Barrett’s esophagus is the basis for endoscopic
therapy, like photodynamic therapy (PDT) or endo-
scopicresection (ER) [4-6].

Radical esophageal resection has until now been
the standard treatment for patients with early neo-
plasia in Barrett’s esophagus, butitis associated with
amortality rate of at least 5% or more and a morbid-
ity rate of at least 40%, even in experienced centers
[7,8]. In patients older than 70 years, the mortality
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rate increases to over 10% [9], and in hospitals with
a low frequency of esophageal resections, the rate
can be up to 20%, even in the hands of experienced
surgeons [10,11]. Therefore less invasive procedures
are desirable, although they need to provide curative
treatment with the same degree of certainty. ER
imitates the surgical situation: The tumor is excised
electrosurgically, providing the pathologist with a
specimen that gives the opportunity to assess the
depth of invasion, involvement of lymphatic vessels
and veins, grade of differentiation, and above all in
relation to the question of tumor-free margins. The
aim of every ER should be the complete resection of
the mucosal and submucosal layer. This can be
achieved by ER with suck-and-cut technique in al-
most all cases.

Surgical data showed that the risk of lymph node
metastases in HGIN and mucosal adenocarcinoma in
Barrett’s esophagus is nearly absent [7,8,12,13]. It is
only when infiltration of the submucosa takes place
that lymph-node metastases are encountered, in
20-25% of cases [13,14]. Thus, surgical esophageal
resection is indicated in early Barrett’s cancer with
invasion into the submucosa. One future expansion
of ER in Barrett’s cancer might be infiltration in the
upper third of the submucosa (T1sm1). Two recent
surgical studies show that in patients with Tlsml-
cancer no positive lymph nodes could be found
[12,15].

History of ER

ER in the gastrointestinal tract has been used as a
diagnostic and therapeutic procedure for early
malignancies—in the initial period, mainly by
endoscopistsin Asia.Ina 1984 publication, Tada et al.
for the first time described the use of “strip-off



biopsy” asatreatment option in early gastric carcino-
ma [16]. This was the start of the triumphant
progress of ER as a therapeutic and diagnostic proce-
dure in the upper gastrointestinal tract.

The first ER procedures for early esophageal carci-
noma were carried out in the early 1990s, again by
Japanese endoscopists [17,18]. It was only several
years later that the first Western research groups
published their preliminary experience in ER for
esophageal neoplasias in a few patients [19,20]. The
first larger series of ER in patients with early Barrett’s
neoplasia was published by our group in 2000 [6].

ER—Techniques

Strip Biopsy

In strip biopsy, a diathermy loop is introduced
through the working channel of the endoscope and
positioned over a polypoid lesion, which is fixed by
tightening of the loop and slowly detached using
electrical cutting current. This technique can espe-
cially be used in (type I) polypoid tumors, but with
flatlesionsitis often difficult to position the loop, and
there may be a risk that the size of the removed
specimen will be limited and that only piecemeal and
not en blocresection is possible in most cases.

Submucosal injection of a solution can lift flat or
depressed lesions (type II) and make it easier to re-
sect them (the “lift-and-cut” technique). In addition
to extending the range of target lesions in compari-
son with simple strip biopsy, this procedure also has
other advantages. Injection of a saline-epinephrine
solution into the submucosa, for example, lifts the
early carcinoma—thereby increasing the distance
from the muscularis propria and potentially reduc-
ing the risk of perforation. A second advantage of the
injection technique may be a reduced risk of hemor-
rhage, due to compression by the injected volume of
liquid.

The type of injection solution has not been stand-
ardized. The solution most often used is saline with
epinephrine or dextrose in various concentrations.
We use generally a 1:100000 epinephrine—saline
solution. The advantage of the epinephrine solution,
in comparison with the saline plus dextrose solution
also used, is the vasoconstriction caused by the
catecholamine and the resulting reduction in the
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risk of hemorrhage. A disadvantage of the
epinephrine-saline mixture is its short dwell time
(3.0min) in comparison with a 50% dextrose solu-
tion (4.7min) and a 1% rooster comb hyaluronic
acid solution (22.1min). These data were obtained
in an experimental study in the porcine esophagus
[21].

”Suck-and-Cut” Technique

The “suck-and-cut” technique is used in the eso-
phagus more frequently than strip biopsy, due to
anatomical conditions. A study by Tanabe et al.
demonstrated that endoscopic suck-and-cut muco-
sectomy in early gastric cancer was more effective
than strip biopsy with regard to the largest diameter
of the resected specimen, the rate of en blocresection,
and the complication rate [22].

ER—Procedure with a Cap

In the early 1990s, Inoue and Endo developed the
cap technique, thereby improving the effectiveness
of ER in comparison with simple strip biopsy [23]. In
the ER cap technique, a specially developed trans-
parent plastic cap with a gutter is attached to the dis-
tal end of the endoscope. After submucosal injection
under the target lesion, the lesion is sucked into the
cap to create a pseudo-polyp, which can slowly be
cut with the diathermy loop (Fig. 21.1). Since inject-
ing underneath early carcinomas often makes it dif-
ficult to distinguish them, prior marking of the
lesion—for example using electrocautery—isrecom-
mended. After the resected specimen is captured, for
example with the capitself or a polyp grasper, and re-
trieved, it should be fixed, for example on a piece of
cork with needles to make it easier for the pathologist
to evaluate the margins (Plate 21.1a—d; color plate
section falls between pp. 148-9).

ER—Procedure with a
Ligation Device

Endoscopic resection with ligation (ER-L) is another
suction ER technique in which a ligation device is
used. In this method, the target lesion is sucked into
the ligation cylinder at the tip of the endoscope, and
apolyp is created by releasing a rubber band around
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Fig. 21.1 Endoscopicresection (ER) with a ligation device. (1) Endoscope with ligation device is unserted. (2,3) Lesion is
sucked into ligation device and rubber band is released to create a pseudo-polyp. (4,5) Pseudo-polyp is resected above or
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Fig. 21.2 Endoscopicresection (ER) with a transparent
cap. (1) Submucosal injection under target lesion. (2)
Snare is preloaded in the cap. (3) Lesion is sucked into the
cap to create a pseudo-polyp. Lesion is resected with a
diathermy snare.

it. The polyp is then resected at its base, either above
or below the rubber band, using a diathermy loop
(Fig. 21.2). This method of ER is performed in our
unit without submucosal injection and therefore
marking of the neoplastic margins is not necessary.
In this technique, the endoscope being used for re-
section has to be withdrawn again and re-introduced
in order to remove the ligation cylinder and intro-
duce the loop. Ligation devices available include, in
addition to single-use devices, a re-usable ligator
[24], with which comparable results can be achieved
at reduced cost. More recently, a multiband ligation
ER device has been introduced.

Both techniques, i.e. cap and ligation, have been
shown to provide equal efficacy and safety in early
esophageal cancer [25]. There were no significant
differences between both suck-and-cut techniques
concerning the maximum diameter of the resected
specimen, the resected area, and the rate of compli-
cations. Using the ligation device the endoscope had
to be inserted more often (not significant), whereas
using the cap a marking and submucosal injection of
saline and epinephrine is necessary. Only in patients
with prior mucosectomy does the ER with a ligation
device seemed to be more effective than the ER using
the cap (not statistically significant).

Other Resection Techniques

In addition to the suck-and-cut mucosectomy and
strip-biopsy techniques, ER using a double-channel
endoscope has also been described [26]. In this
method, a grasping forceps is used to pull the target
lesion through a diathermy loop that has been intro-
duced through the second working channel. The le-
sion is then resected with the loop. Due to the large
caliber of the endoscope required, double-channel
procedures appear to be difficult, especially at the
esophagogastric junction, and may even be almost
impossible in the retroflexed position.

After ER of a neoplasticlesion, the remaining Bar-
rett’s epithelium is still at risk for malignant degrada-
tion or synchronous neoplastic areas. Seewald et al.
performed circumferential resection in 12 patients
with early Barrett’s neoplasia with a monofilament
snare without prior submucosal injection [27]. The
aim of this approach was complete removal of Bar-
rett’s epithelium with early stage malignant changes.
Complete removal could be performed in all patients
and during a median follow-up of 9 months no re-
currence of malignancy or Barrett’s epithelium was
observed, but the neccessary number of ER sessions
per patient was very high and the procedures were
acompanied by a high stricture rate (17%). Minor
bleeding occurred during four of 31 ER sessions. A
technique of ER associated with less stricture forma-
tion may be semicircumferential ER. Giovannini et
al. reported their experience in 21 patients, in which
ER of the neoplasia and semicircumferential resec-
tion of Barrett’s epithelium was performed in two
steps [28]. In order to prevent the formation of
esophageal stenosis, the second half of the Barrett’s
esophagus mucosa was resected a month later. Using
this technique, the authors reported no stricture
formation.



In our department, to reduce the stricture rate,
longitudinal resection is performed. Further longitu-
dinal resection of neoplasia and metaplasia is usually
perfomed every 6-8 weeks until HGIN or cancer is
completely eradicated.

En bloc resection, where the entire tumor is re-
moved in one piece, is often not achieved using con-
ventional ER. Other techniques, developed in Japan,
include the application of different types of knife
such as the insulated-tip instrument [29]. After sub-
mucosal saline injection, circumcision and dissec-
tion of the mucosal lesions is performed with the aim
of achieving en bloc resection. This method was first
used in gastric cancer in Japan, but very limited ex-
perience in the esophagus exists in Western centers
[30]. The disadvantage of this method is that en bloc
resection with an endoscopic knife is technically
very demanding, especially at the esophagogastric
junction and can be associated with a high risk of
bleeding and perforation. Further studies are await-
ed to judge the value of this method in patients with
early Barrett’s cancer.

Complications of ER

ER involves certain risks, and should therefore only
be carried out by experienced endoscopists. The
most frequent complication of ER is hemorrhage, al-
though arterial bleeding is very rare. By contrast,
oozing venous bleeding is not uncommon; it is usu-
ally not associated with a drop in hemoglobin, and
can be controlled by injection therapy. Hemorrhage
after ER usually occurs during the first 12-24 h. For
this reason, a follow-up endoscopy may be per-
formed 24 h following ER. The rate of bleeding after
ER in the esophagus ranges from 2% to 14% in ex-
perienced centers [6,25-28].

Perforation is the most serious complication of ER.
Depending on the size and location of the lesion, the
figures for the frequency of perforation in the upper
gastrointestinal tract range from 0.06% to 5% [31].
Localized perforations often can be treated conser-
vatively by closing the site with metal clips and
administering antibiotic treatment and parenteral
nutrition. To reduce the risk of perforation, resecting
large lesions in a single piece should be avoided. In-
vasion of the muscle layer should be ruled out by en-
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doscopic ultrasound and good mobilization of the
mucosal and submucosal layer either by suction into
the ligation device or by submucosal injection is
mandatory but often not sufficient in pretreated
patients.

Results of ERin Early
Barrett's Neoplasia

Experience in local ER treatment for early neoplasia
in Barrett’s esophagus is as yet very limited. In a
study by Ell et al. of 64 patients with early Barrett’s
carcinoma and intraepithelial high-grade, complete
remission was achieved in 82.5% of cases (97% in
the low-risk group, 59 % in the high-risk group) [6].
During a mean follow-up period of 12 months, re-
currences or metachronous carcinomas were ob-
served in 14% of the patients, and these lesions were
again successfully treated. The rate of complications
in the study was 12.5% [6].

More recent publications of our group have also
confirmed the effectiveness of ER in 50 patients with
early neoplasia in short segment Barrett’s esophagus
[33]. Twenty-eight patients received ER, 13 under-
went PDT, and three were treated with argon plasma
coagulation (APC). A combination of these therapies
was used in six patients. Complete local remission
was achieved in 98% of the patients; one patient had
to undergo surgery after initial ER treatment, as
there was submucosal tumor infiltration. In this
study, the complication rate was again very low at
6% (bleeding, stenosis), and no major complications
such as perforation or severe bleeding (hemoglobin
drop > 2 g/dL) were observed. The intermediate re-
sults were similarly encouraging (average follow-up
period 34 + 10 months) in 115 patients treated using
ER (n = 70), PDT (n = 32), and APC (n = 3).
Multimodal therapy led to complete local remission
in 98% of the patients in this group [34]. During a
mean follow-up of 50 months, 37 patients (32%)
had a recurrence or metachronous neoplasia, but 36
ofthese 37 patients could be retreated successfully by
ER.

In 25 patients with lesions in Barrett’s esophagus
(13 adenocarcinomas, four HGIN), Nijhawan et al.
carried out ER with a diagnostic and therapeutic in-
tent [35]. The “lift-and-cut” technique was used in
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Table 21.1 Important publications about endoscopic resection (ER) in early Barrett’s neoplasia.

No. of patients

Resection technique

Complications

5-Year follow-up

Ell etal. [6] 64 S&C 0% major —
11% minor
Nijhawan & Wang [35] 17 S&C 0% —
Buttar etal.[32] 17 S&C+PDT 30% -
Seewald etal. [27] 12 Circumference Stenosis 2/12 —
snare resection Bleeding 4/12
May et al. [34] 115 S&C70% 0% major —
PDT 30% 11% minor
Giovanninietal. [28] 21 Semicircumference 0% major —
snare resection 19% minor
Behrensetal.[37] 44 S&C 0% major 85%*
PDT 9% minor
Ell etal.[38] 100 S&C 0% major 98%*
10% minor
Peters et al. [40] 28 S&C 0% major —
46% minor

* Deaths not tumor related.
PDT, photodynamictherapy; S & C, suck-and-cut.

the majority of cases, and the “suck-and-cut” tech-
nique with a ligation device was only used in two
patients. The results were quite promising with no
recurrences after amedian follow-up of 9 months. In
avery heterogeneous group of patients, Ahmad et al.
carried out 101 ERsin malignant and non-malignant
lesions throughout the entire gastrointestinal tract
[36]. This also included 12 with lesions in Barrett’s
esophagus (six adenocarcinomas, six HGINs). The
complication rate was 11%, and complete remission
was achieved in four patients of each group.

ER was carried out in 14 patients with HGIN in
Barrett’s esophagus in a recently published study of
our group [37]. Twenty-seven patients, in whom the
HGD was not re-detectable but confirmed by refer-
ence pathologists, underwent PDT. ER and PDT were
combined in three patients. Complete remission was
achievedin 43 of 44 patients with HGIN (97.7%).No
major complications occurred. A mean of one ses-
sion was needed to achieve complete local remission
and during a mean follow-up period of 36 months,

recurrent or metachronous lesions were observed in
six patients (17.1%), all of whom received a second
successful endoscopic treatment. A recently pre-
sented study about ER in a homogenous group of
100 patients with low-risk adenocarcinoma (macro-
scopic types IIa, IIb, and IIc; lesion diameter up to
20 mm; mucosal lesion without invasion into lymph
vessels and veins; and histological grades G1 and G2)
arising in Barrett’s esophagus showed excellent
short- and long-term results [36]. Complete local re-
mission was achieved in 99 of 100 patients after 1.9
months (range 1-18 months) and a maximum of
three resections. During a mean follow-up period of
36.7 months, recurrent or metachronous carcino-
mas were found in 11% of the patients, but success-
ful repeat treatment with ER was possible in all cases.
The calculated 5-year survival rate was 98%. Table
21.1 summarizes important studies about ER in Bar-
rett’s neoplasia.

In our own experience, involvement of the lateral
margins of the resected specimens is quite frequent,



especially in large or multifocal neoplastic lesions.
But this fact doesn’t usually mean that curative en-
doscopic therapy is not possible. In general, a re-
treatment of these patients is possible and complete
remission can be achieved by further resections [6]
or supportive PDT [32]. A RO resection at the base of
the neoplasia is absolutely mandatory.

Summary

In experienced hands, ER is a safe method of resect-
ing premalignant lesions and early carcinomas in
Barrett’s esophagus. It has decisive advantages in
comparison with other local endoscopic treatment
procedures (such as thermal destruction and PDT):
the opportunity for histological processing of the re-
sected specimen provides information regarding the
depth of invasion of the individual layers of the gas-
trointestinal tract wall, and regarding excision with
healthy margins. If there is infiltration of the submu-
cosa detected on ER, a patient with early Barrett’s
cancer is still able to undergo surgical resection.

Randomized and controlled studies comparing
radical esophagectomy with ER are desirable, but are
difficult to conduct—not least because some 5-year
survival data are now available [38]. Therefore, from
our point of view ER should be carried out in all pa-
tients with HGIN and mucosal cancer in Barrett’s
esophagus. In patients with submucosal involve-
ment, limited esophageal resection (Merendino pro-
cedure) appears to be a good alternative with lower
morbidity and mortality rate than conventional sur-
gical resection [39]. But series with a larger cohort of
patients and the results of comparative studies are
awaited.
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Role of Endoscopic Ultrasound
in Barrett’s Esophagus and
Esophageal Adenocarcinoma

Ann Marie Joyce and Gregory G. Ginsberg

Introduction

Endoscopic ultrasound (EUS) incorporates flexible
endoscopy and high-frequency ultrasound to
image into and through the luminal digestive tract.
It enables the endosonographer to evaluate the
wall layer pattern of the esophagus and to detect
the presence of regional and celiac lymph nodes.
EUS guided fine needle aspiration (FNA) permits
directed tissue sampling of subdiaphragmatic and
mediastinal lymph nodes. EUS is used for staging
esophageal cancer and in the evaluation and
management of Barrett’s esophagus-associated
dysplasia.

Endoscopic Ultrasound

EUS is available in an endoscope-based system and a
catheter-based system. The endoscope-based system
is divided into radial and linear array scanning. The
radial echoendoscope uses a mechanically rotated
transducer to generate a 360° cross-sectional image
perpendicular to the long axis of the instrument.
Radial scanning echoendoscopes provide imaging at
5.0,7.5,12.0,and 20.0 MHz.

The linear array echoendoscope has an electroni-
cally operated transducer that produces a ~270°
image parallel to the long axis of the endoscope. The
linear array echoendoscope permits FNA under di-
rect EUS guidance. The linear array echoendoscope
also has power Doppler capability allowing confir-
mation of vascular structures.

High frequency catheter ultrasound probes
(CUSPs) may be passed through the accessory
channel of a forward viewing endoscope allowing
directed probe localization and substituting for a
dedicated scope based system. The catheter-based
probes may be placed directly over a small target le-
sion. The probes are available as 2.0, 2.4, and 2.6 mm
in diameter with frequencies of 12, 15, and 20 MHz.
These high frequency probes may delineate up to
seven to nine layers within the esophageal wall but
at the expense of a limited depth of penetration.

EUS more typically generates a five-layer wall pat-
tern of alternating hyperechogenicity (bright) and
hypoechogenicity (dark) that correlates with his-
tology (Fig. 22.1). To improve acoustic coupling,
scanningis performed with water immersion or with
a water-filled balloon sheath over the probe.

EUS is used in the evaluation of regional lymph
nodes. Mediastinal lymph nodes may be detected by
EUS in disease and health. Lymph nodes appear as
spheroid, ovoid, or pyramidal shapes. It may be diffi-
cult to differentiate between malignant and benign
nodes with imaging alone. Sonographic characteris-
tics of malignant lymph nodes include size greater
than 1 cm in diameter, hypoechogenicity, and round
in shape with sharp borders [1]. The introduction of
FNA increases the accuracy of EUS in detecting ma-
lignantnodes [2]. The presence of malignant appear-
ing lymph nodesin patients with Barrett’s esophagus
and “early” cancer, based on EUS and computed
tomography (CT) scan findings, would support
operative rather than endoscopic therapy.
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Fig. 22.1 Normal five-wall layer pattern of the esophagus
as represented by endoscopic ultrasound (EUS). Inner-
most layer represents the interface between the probe and
the wall (hyperechoic); the second layer, the superficial
and deep mucosa (hypoechoic); the third layer, sub-
mucosa (hyperechoic); the fourth layer, muscularis
propria (hypoechoic); and the fifth layer, adventitia
(hyperechoic).

EUS in Barrett's Esophagus

Barrett’s esophagus is defined as metaplastic colum-
nar epithelium replacing normal squamous mucosa
in the esophagus. Gastroesophageal reflux is the
major cause of Barrett’s esophagus [3-5]. The rela-
tive risk of developing adenocarcinoma in Barrett’s
esophagus is thought to be 30-40 times higher than
the general population [6]. Endoscopic surveillance
isrecommended in patients with Barrett’s esophagus
because of progression of dysplasia to carcinoma.
High-grade dysplasia (HGD) in Barrett’s esophagus
frequently undergoes malignant transformation and
can be associated with a high rate of occult malig-
nancy [7-9].

In Barrett’s esophagus, there is a thickening of the
esophageal wall that can be detected by EUS (Fig.
22.2). Srivastava et al. compared the esophageal wall
thickness of patients with Barrett’s and those with-
out using the Olympus EU-M3 (Melville, NY) at

Fig. 22.2 Thickened esophageal wall may be seen with
Barrett’s esophagus.

12 MHz [10]. They studied 15 patients with Barrett’s
esophagus with and without dysplasia. In the control
group the mean esophageal wall thickness was
2.6mm, the non-dysplastic Barrett’s esophagus
group had a mean was thickness of 3.3mm, and
those with dysplasia measured 4.0mm. The differ-
ence between the non-dysplastic measurement and
the dysplastic measurement was not statistically sig-
nificant. The only patients with esophageal wall
thickness greater than 4mm had dysplasia. There
were two patients with a focal carcinoma with other-
wise unsuspected submucosal invasion as proved on
surgical pathology. Adrain et al. performed a similar
study with high-resolution endoluminal sonograph-
ic examination using a 20 MHz ultrasound transduc-
er [11]. In this series of patients Barrett’s esophagus
wasidentified by EUS as a second (hypoechoic) layer
of the esophageal mucosa that was thicker than the
first (hyperechoic) layer. All 17 patients with Bar-
rett’s esophagus were correctly identified (100%
sensitivity). Ten of the 12 controls were identified as
normal (specificity 86%). This study was not able to
differentiate those patients with dysplasia but in-
cluded only two patients with dysplasia. Kinjo et al.
took this analysis one step further: in 39 of 56 pa-
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tients with Barrett’s esophagus, the esophageal
wall appeared thickened as compared to controls
(P < 0.005) [12]. Based on EUS imaging the en-
dosonographers could not differentiate patients with
non-dysplastic Barrett’s esophagus, low-grade dys-
plasia (LGD), or HGD. There was a false positive rate
of 13% in detecting cancer in patients with Barrett’s
esophagus and adenocarcinoma.

EUS cannot reliably differentiate between the
presence and absence of dysplasia in the setting of
Barrett’s esophagus. Hence, EUS is not indicated for
routine screening or surveillance in patients with
non-dysplastic Barrett’s esophagus.

EUS in Barrett’s with Dysplasia

EUS may be considered in selected patients with
Barrett’s esophagus and HGD because co-existent
adenocarcinoma may be detected in 30-47% of
these patients [13-15]. The clinical evaluation of
EUS in this setting has yielded conflicting results.
Falk et al. performed preoperative EUS on nine pa-
tients with HGD and intramucosal carcinoma [16].
Four of the six patients with HGD were correctly
diagnosed as TO. The two patients that were over-
staged had mucosal nodularity. EUS identified
tumor in only one of three patients with intramucos-
al carcinoma. In this small group of patients EUS did
not reliably predict the presence of intramucosal car-
cinoma in patients with Barrett’s esophagus and
HGD. Conversely, a larger study by Scotiniotis et al.
reported more promising results [17]. In 22 patients
with Barrett’s and HGD or intramucosal carcinoma,
preoperative EUS findings were compared to surgi-
cal pathology. The emphasis in this study was the
detection of locally confined versus advanced
carcinoma, specifically the presence or absence of
submucosal invasion or regional lymphadenopathy.
EUS accurately predicted the absence of submucosal
invasion as confirmed by surgical pathology in all 16
patients that were stage Tis or Tla. EUS correctly
predicted submucosal invasion confirmed by
histopathology in five of six patients (83 % positive
predictive value). There was one false positive pre-
diction of submucosal invasion by EUS. The spe-
cificity of T stage was 94%. EUS over-staged suspect-
ed lymphadenopathy as malignant in four cases
(18%) but did not under-stage any of the cases.

EUS in patients with Barrett’s esophagus can
change the staging that was originally predicted by
esophagogastroscopy (EGD) [18]. A total of 45 pa-
tients with Barrett’s esophagus with HGD had an
EGD and EUS performed. Fifteen patients were sus-
pected endoscopically with a tumor while 30 pa-
tients were thought to have just dysplasia. Thirty-six
patients underwent surgical resection. The Barrett’s
segment staging and nodal staging were accurate in
the majority of patients. Six of the 30 patients not
suspected of having cancer on EGD were determined
to have cancer by EUS. Five of these (83%) were
found to have cancer on surgical resection. In this
study, EUS helped to identify occult malignancy.
These results support the use of EUS when non-
operative therapy is being considered in patients
with Barrett’s with HGD and/or intramucosal
carcinoma.

EUS is indicated in patients with Barrett’s esopha-
gus with dysphagia and/or a focal nodule or stricture
as there is an increased likelihood of underlying car-
cinoma. Patients with a stricture or a nodule also
have anincreased likelihood of submucosal invasion
[17]. There were 12 patients in the Scotiniotis study
with a nodule and/or stricture. Five patients in this
group had lesions that invaded into the submucosa,
conversely there was no submucosal invasion in
the group with Barrett’s and no macroscopically
recognizable lesions (42% vs. 0%, Fisher exact test,
P = 0.04). All patients were on acid suppressive
medications prior to the endoscopic examination
which may have reduced inflammation as a contri-
butor to false-positive staging. In an earlier study
[16], the presence of nodularity in Barrett’s with
HGD and carcinoma resulted in over-staging of the
tumor.

Accurate assessment of Barrett’s esophagus by
EUS in the setting of HGD enables effective stage-
based therapy. Esophagectomy offers definitive
treatment for patients with HGD and eliminates the
need for continued rigorous surveillance programs.
This may be ideal in young, fit, operative candidates.
However, esophagectomy is associated with postop-
erative morbidity of up to 45 % and amortality rate of
2-6% [19]. Patient outcomes are best in high vol-
ume centers. Alternatives to operative resection are
observation or endoluminal therapies. Emerging en-
doluminal eradication therapies may achieve equal
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efficacy to operative resection in patients with HGD
and carcinoma limited to the mucosal layer [20].
This approach has particular appeal in patients
deemed poor operative candidates. Resection with
endoscopic mucosal resection and submucosal dis-
section techniques allows for further histopathologi-
cal staging confirmation [21]. Ablation techniques
employ photodynamic therapy and contact and
non-contact thermal devices. Therefore, EUS plays
an important role in patient selection.

EUS in Esophageal Carcinoma

The prognosis and treatment of esophageal car-
cinoma is dependent upon the stage of the disease at
the time of diagnosis. The staging of esophageal car-
cinoma is based upon the tumor, node, and metasta-
sis classification [22] (Table 22.1). Once the diagnosis
of carcinoma is made, cross-sectional imaging
should be performed to evaluate for liver and distant
lymph node metastases. CT scanning is most com-
monly employed. Positron emission tomography
(PET) scanning is gaining increasing acceptance for
the detection of distant metastases as well. In the ab-
sence of distant metastases, EUS is recommended for
local tumor and nodal staging when stage-based
therapy is being considered. The T staging of
esophageal adenocarcinoma is demonstrated in Figs
22.3-22.6.

EUS more accurately determines T stage and
regional lymphadenopathy as compared to other
imaging modalities [23,24]. Staging accuracy holds
for both esophageal squamous cell carcinoma and
adenocarcinoma. The T stage of esophageal carcino-
ma can also help to predict the N stage. The relation-
ship between the T stage and N stage was studied in a
retrospective review of 359 patients undergoing
esophagectomy for esophageal carcinoma. The
prevalence of regional lymph nodes in patients with
adenocarcinoma with invasion into the lamina
propria and muscularis mucosa (T1 intramucosal)
was 2.8%. The prevalence of regional lymph nodes
increased with the depth of tumor invasion
(P<0.0001) [25]. A comparison of CT scan, laparo-
scopic ultrasound, and EUS was made in a group of
36 patients for staging of esophagogastric carcinoma
[23]. CT scan was more accurate in locally advanced

Table 22. 1 Staging: TNM classification and stage group of
esophageal carcinoma.

Primary Tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades the lamina propria or submucosal
T2 Tumor invades the muscularis propria

T3 Tumor invades the adventitia

T4 Tumor invades adjacent structures
Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastases

N1 Regional lymph node metastases

Distant metastases (M)

MX Distant metastases cannot be assessed
MO No distant metastases

MX Distant metastases

Tumors of the lower thoracic esophagus
M1a  Metastases of celiac lymph nodes
M1b  Otherdistant metastases

Tumors of the mid-thoracic esophagus

M1a Notapplicable

M1b  Non-regional lymph nodes or other distant
metastases

Tumors of the upper thoracic esophagus
M1a  Metastasesin cervical lymph nodes
M1b  Otherdistant metastases

Staging of esophageal carcinoma

Stage T N M

0 Tis NO MO

| T1 NO MO

A T2 NO MO
T3 NO MO

IIB T1 N1 MO
T2 N1 MO

11} T3 N1 MO
T4 AnyN MO

[\ AnyT Any N M1

IVA AnyT AnyN M1a

IVB Any T AnyN M1b
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Fig. 22.3 T1 lesion of the esophagus.

Fig. 22.4 T2 lesion of the esophagus.

tumors (T3 and T4) when compared with EUS, 95%
versus 88 %, respectively. EUS was the best modality
for assessing early tumors and locoregional nodal in-
volvement with accuracies of 62% and 72 %, respec-
tively. Distant metastases were more accurately
detected with laparoscopic ultrasound (81%) com-
pared with CTscan (72%). Another study performed

Fig. 22.5 T3 lesion of the esophagus.

Fig.22.6 T4 lesion of the esophagus.

by Wallace et al. showed that combination imaging
tests (i.e. PET with EUS/FNA or CT scan with
EUS/FNA) proved to be more cost-effective in a
decision-analysis model [26]. EUS is also superior to
CT scan for detecting celiac lymph nodes. In a study
ot 62 patients, EUS was used to evaluate celiaclymph
nodes in 95% of the patients. EUS was positive in 19
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patients and CT scan was positive in two. The sensi-
tivity and specificity of EUS were 72% and 97 %, re-
spectively, and 8% and 100%, respectively, for CT
scan. EUS with FNA can identify patients with M1la
disease, i.e. positive celiac lymphadenopathy, and
therefore helps direct management [27]. This more
accurate staging identifies patients with advanced
locoregional disease who would benefit most from
preoperative neoadjuvant chemoradiation therapy
[28].

EUS staging has a positive clinical impact in pa-
tients with esophageal carcinoma. Hiele ef al. ana-
lyzed the survival data of 86 patients who underwent
EUS for staging of tumors of the esophagus or
esophagogastric junction [29]. A surgical resection
was performed in 73 patients. Survival of patients
was significantly dependent upon EUS T staging
(P=0.05), EUS N'staging (P=0.02), and the presence
of stenosis (P = 0.02). The worst prognosis was
related to patients with celiac lymph node metastasis
(P=0.0027). In this study there was a decreased ac-
curacy of T staging (59%). The majority of patients
went to surgery, and only one patient had preopera-
tive chemoradiation. Another study by Harewood
and Kumar compared the outcomes of patients
diagnosed with esophageal cancer in 1998 (i.e.
pre-EUS) to patients diagnosed in 2000 after EUS
had become available [30]. Tumor recurrence and
survival were better in the EUS group. This study
demonstrated that EUS more accurately identified
patients who benefited from preoperative neoadju-
vant therapy. A number of studies suggest that pre-
operative chemoradiation provides the best results
for patients with stage I and III cancer, and thus it is
important to identify these patients so that they re-
ceive the most appropriate care. EUS can provide
more accurate staging and therefore improve patient
outcome.

EUS staging in esophageal cancer also contributes
to improved cost-effectiveness. Shumaker et al. per-
formed a retrospective review of the CORI (Clinical
Outcomes Research Initiative) database to identify
patients who had a preoperative EUS for esophageal
carcinoma [31]. Cost analysis was done on 188 pro-
cedures. It was assumed that patients with stage I dis-
ease would go directly to surgery while patients with
stage IV disease would not have combined modality

therapy. In this study group, 26% of patients were
spared the combined modality therapy and that re-
sulted in a cost savings. A prospective case series by
Chang et al. demonstrated similar findings [32]. In
this study, there was decreased cost of care by
$12 340 per patient by reducing the number of tho-
racotomies because of improved staging. Harewood
etal. used a computer model to determine the cost of
EUS in the staging of esophageal cancer [33]. In this
study, EUS FNA provided the least costly approach to
patients with celiac lymph node involvement as
compared with CT FNA and surgery. These data were
dependent upon the prevalence of celiac lymph
nodes of 16%. These three studies show that there
are cost savings for patients that undergo EUS as ap-
propriate treatment can be provided due to more ac-
curate staging.

Cancer with Stenosis

In up to 30% of cases of adenocarcinoma of the
esophagus concurrent luminal stenosis does not per-
mit the echoendoscope to traverse the tumor with-
out dilation. This is important to allow complete
staging to include inspection for celiac adenopathy.
When tumor stenosis is encountered several options
are available including dilation to allow passage of
the echoendoscope, use of miniprobes, or abort the
procedure with limited staging information. Since
therisk of perforation accompanies dilation of malig-
nant strictures, these options should be individual-
ized. In an early experience, Van Dam et al. reported
a complication rate of 24% [34]. In this study the
strictures were dilated up to 18 mm to accommodate
larger diameter, more primitive echoendoscopes
which may have contributed to the high complica-
tion rate. A later study performed by Pfau et al. in-
cluded 81 patients that required dilation to allow
passage of the Olympus GF-UM20 echoendoscope
[35]. The dilations were performed in a stepwise
fashion with Savary—Guilliard wire-guided dilators
or through-the-scope dilating hydrostatic balloons
(Microvasive, Natick, MA) to about 14mm. The
majority of dilations were performed in one session.
Immediately following dilation, the echoendoscope
was able to traverse the stricture in 85.2% of pa-
tients. There were no complications. Similar results
were obtained by Kallimanis et al. [36]. Given these



Role of EUS in Barrett’s Esophagus and Esophageal Adenocarcinoma 219

findings, and with the further reduction in the
diameter of echoendoscopes, stepwise dilation can
generally be safely performed to allow complete
tumor and nodal staging with EUS in patients with
esophageal cancer and malignant stenosis.

The use of catheter ultrasound miniprobes is an-
other means of tumor staging in patients with a tight
esophageal stricture related to the tumor. The
miniprobes can be passed through the accessory
channel of the endoscope and across the stricture
under fluoroscopic guidance. A study was carried
out by Menzel et al. to compare the results using an
echoendoscope (GF-UM3, Olympus, Melville, NY),
versus the miniprobe (MH-908, Olympus) [37]. The
overall T staging was more accurate with the
miniprobe as compared with the echoendoscope
80% versus 57%. The miniprobe was also more ac-
curate with regards to the presence or absence of
periesophageal lymph nodes. There were no compli-
cations reported with the use of the miniprobes.
However, these results have not been validated and
most authorities perceive that high frequency
miniprobes do not provide an adequate depth of
imaging to satisty tumor and lymph node assessment
in large tumors.

Re-Staging after Neoadjuvant Therapy

EUS may also be used in re-staging esophageal carci-
noma after chemoradiation. This is employed to
determine response to the treatment and candidacy
for operative resection. However, studies evaluating
this performance have yielded varying results.
When the TNM classification is used in re-staging the
tumor, the majority of tumors are over-staged. Kalha
et al. showed that T classification was assessed cor-
rectlyby EUS in only 22 patients (29%) [38].In eval-
uating the N classification, the sensitivity was 48%
for NO disease and 52% for N1 disease. In a pilot
study, EUS with FNA was performed on enlarged
lymph nodes and the accuracy of identifying malig-
nant cells was 87.5% [39,40]. One promising
method is to measure the size and cross-sectional
area of the tumor. Isenberg et al. demonstrated that
the measurement of the maximal cross-sectional
area of the tumor was more useful than the TNM
classification. In a small group of patients, there was
a statistically significant decrease in this measure-

ment in patients that responded to chemotherapy.
Larger studies are needed to further evaluate the im-
pact that the maximal cross-sectional area of the
tumor has on patient survival.

Limitations of EUS in Barrett's
Esophagus and Esophageal Cancer

EUS is highly operator dependent. The training and
experience of the endosonographer impacts the ac-
curacy of EUS. In a study performed to compare the
findings on EUS by inexperienced and experienced
endosonographers [41], interobserver agreement
amongst the experienced endosonographers was ex-
cellent for all T stages except for T2. In the inexperi-
enced group of endosonographers, the agreement
for T staging was poor but was better for the detection
of lymph nodes.

EUS artifacts can be created by oblique scanning
and balloon compression of the esophageal wall.
These artifacts may result in over-staging of the
tumor. Ideally, the echoendoscope should be placed
perpendicular to the tissue being examined. The bal-
loon should be inflated so as not to compress the
esophageal wall and thereby distort the imaging. The
anatomic configuration at the esophagogastric junc-
tion may not permit ideal transducer positioning for
staging lesions in this region. The tubular esophagus
does not lend itself to water-filling and so circum-
stances are encountered in which acoustic coupling
cannot be ideally achieved.

Conclusions

EUS has a substantive role in the evaluation and
management of patients with esophageal carcinoma
and in patients with dysplastic Barrett’s esophagus. It
is effectively used in patients with Barrett’s esopha-
gus and HGD to detect otherwise unrecognizable
invasive carcinoma and thus the consideration of
operative versus non-operative therapies. For estab-
lished carcinoma of the esophagus, EUS is the most
accurate tool for tumor and nodal staging. Accurate
TNM staging directs stage-based therapy.
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and Cancer
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Introduction

Barrett’s esophagus is an acquired abnormality that
is best defined as the displacement of the squamo-
columnar junction proximal to the gastroesophageal
junction with the presence of esophageal intestinal
metaplasia found on biopsy. Risk factors for Barrett’s
esophagus include severe and long-standing gas-
troesophageal reflux disease (GERD), obesity, the
presence of a hiatal hernia, male gender, and Cau-
casian ethnicity [1]. The incidence of Barrett’s
esophagus has increased dramatically in the last 20
years [2]. Concomitant to this had been a 10-fold in-
crease in the incidence of esophageal adenocarcino-
ma over the past decade strongly supporting a link
between the two [3].

Treatment for Barrett’s esophagus, before it has
progressed to high-grade dysplasia (HGD) or cancer,
should seek to accomplish three goals: (i) to provide
long-term control of reflux symptoms; (ii) provide a
durable gastroesophageal barrier to acid and bile;
and (iii) promote the regression or reduce the pro-
gression of Barrett’s esophagus thus decreasing the
risk of adenocarcinoma. Treatment of HGD or
Barrett’s associated adenocarcinoma shifts towards
eradication of disease with the least amount of
morbidity.

Surgical therapy plays an important role in Bar-
rett’s esophagus and cancer. We will review the role
of surgery with regard to these goals and in relation
to other available therapies.

222

Symptom Control

Medical Therapy

Antisecretory therapy with proton pump inhibitors
(PPIs) for GERD is very effective in patients with un-
complicated reflux disease. In patients with Bar-
rett’s, however, conventional doses are less likely to
control symptoms completely, and usually require
larger doses to provide relief. Still, in most patients
symptoms can be controlled with medical therapy.
Interestingly, and almost paradoxically, some pa-
tients have relatively minor symptom complaints for
the quantitative amounts of reflux that is occurring.
This “diminished esophageal sensitivity” may be a
result of the injury and mucosal change that accom-
panies intestinal metaplasia. Nevertheless, Barrett’s
esophagus is usually synonymous with severe
GERD, thus patients are more likely to be poorly con-
trolled and seek other solutions.

Surgical Therapy

Surgical antireflux procedures are now almost ex-
clusively performed via the laparoscopic approach.
In experienced hands, an equal and perhaps better
fundoplication can be constructed as compared to
open (because of superior exposure and visualiza-
tion of the hiatus), with the benefits of less morbidity
and faster recovery. Long-term outcomes after la-
paroscopic antireflux surgery (LARS) for Barrett’s
esophagus are sparse due to the relatively short exis-
tence of laparoscopy. Still, the control of GERD-
related symptoms with LARS is excellent. Although
several studies have reported that achievement of
symptom control is not as great in patients without
Barrett’s esophagus [4,5], Farrell et al. reported ex-
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Table 23.1 Comparison of pre and postoperative symptoms in 106 patients with Barrett’s esophagus who underwent
paparoscopic antireflux surgery. Reprinted with permission from Oelschlager et al. [14]. Copyright Lippincott, Williams &

Wilkins.
Preoperative
Symptom incidence n (%) Resolution n (%) Improvement n (%) No improvement n (%)
Heartburn 98(92%) 69 (70%) 25 (26%) 4(4%)
Regurgitation 69 (65%) 52 (75%) 6(9%) 11(16%)
Dysphagia 33(31%) 21(64%) 6(18%) 6(18%)
Cough 31(29%) 22 (71%) 2(6%) 7 (23%)
Chest pain 30 (28%) 20 (67 %) 6(20%) 4(13%)
Hoarseness 25(24%) 21(84%) 1(4%) 3(12%)

cellent short-term results in patients with Barrett’s
esophagus undergoing LARS that did not deteriorate
with extended follow-up (2-5 years) [6]. Similarly,
Parrilla et al. published a prospective randomized
trial comparing medical versus surgical therapy of
Barrett’s esophagus [7]. With a median follow-up of
5 years, they reported excellent or good symptom
control in 91% of patients undergoing antireflux
surgery.

We have found that with long-term follow-up
(mean 43 months) after LARS, 95% of our Barrett’s
esophagus patients continued to report improve-
ment of their preoperative heartburn and regurgita-
tion. These results are identical to patients without
Barrett’s esophagus [8]. Furthermore, dysphagia,
which was associated with impaired motility in
many of the patients, improved in more than 80% of
patients who presented with it. Other symptoms of
GERD also diminished or resolved and remained so
several years after the repair (Table 23.1). Collective-
ly, these studies demonstrate that durable control of
GERD can be achieved with surgery.

Reflux Control

Medical Therapy

Control of reflux related symptoms is not synony-
mous with control of acid reflux as detected by pH
probe monitoring. In fact, many patients with
Barrett’s esophagus have adequate control of their
symptoms with a markedly abnormal acid exposure
by 24-h pH monitoring. Katzka and Castell reported
that 80% of patients with Barrett’s who reported

control of their reflux symptoms had abnormal
esophageal acid exposure when tested. Moreover,
two studies that were specifically designed to med-
ically (high-dose PPI therapy) normalize esophageal
acid exposure in Barrett’s esophagus patients failed
in 16% of patients [9,10].

Esophageal acid exposure is not the only contribu-
tor to Barrett’s esophagus; bile reflux also plays an
intimate role. Several authors have shown that the
incidence of duodenogastric reflux in patients with
Barrett’s esophagus is markedly elevated. Medical
therapy, aimed at reducing acid production, has a
limited ability to treat or prevent bile reflux.
Measurements of esophageal bile exposure by
spectrophotometer have shown an exponential
relationship between bile reflux and GERD severity
[11]. Fifty-four percent of patients with Barrett’s
esophagus have been reported to have elevated
esophageal bile acid exposure with levels equivalent
to those seen after partial gastrectomy [11,12].
Therefore, although medical therapy may control or
reduce symptoms in patients with Barrett’s esopha-
gus, it is unlikely to completely control acid and bile
reflux.

Surgical Therapy

Fundamental to antireflux surgery is the correction
of the anatomy of the cardia and creating a barrier to
reflux. If successful, surgery should intuitively be
more successful than medical therapy at controlling
acid and bile reflux and in fact this has been demon-
strated. Hofstetter et al. reported normal pH monitor-
ing in 81% of patients after fundoplication [13]. In



224  Chapter23

the randomized control trial of medical versus surgi-
cal treatment of Barrett’s esophagus, fundoplication
was much more successful in attaining nominaliza-
tion of esophageal acid exposure as compared to PPI
therapy (85% vs. 25%, respectively) [7]. Likewise,
Bilitecmonitoring showed normal esophageal expo-
sure to duodenogastricreflux after surgical interven-
tion in 92% versus 25% of the medical treated
group.

It has been our experience that although a vast
majority of patients have decreased esophageal acid
exposure after LARS, approximately one-quarter of
patients with Barrett’s esophagus do not achieve
normal DeMeester or esophageal acid exposure
measurements [14]. Reasons for this are likely
related to the high incidence of associated complicat-
ing factors in those with Barrett’s esophagus, making
failure or ineffective operations more likely. In our
series, factors that contributed to inferior results in
patients included; a high incidence of re-operations,
paraesophageal hernia repair, ineffective esophageal
motility requiring partial fundoplication, peptic
stricture, and foreshortened esophagus. However,
the failure to achieve normalization of acid exposure
in our study (and presumably others) may be an
overestimation of the true incidence, since all pa-
tients who returned with symptoms underwent pH
monitoring as part of their evaluation, whereas a mi-
nority (<40%) of the totally asymptomatic patients
agreed to this test postoperatively. The findings of
this study underscore the impact that associated
anatomic abnormalities have on the results of
surgery in patients with Barrett’s esophagus and
suggest that earlier referral to surgical therapy (i.e.
before complications develop) may be important to
improve the chances of a successtul outcome.

Barrett’s Regression

The third goal of therapy, and perhaps the most
important in patients with Barrett’s esophagus, is
halting the progression and possibly even causing
regression of Barrett’s epithelium. Since Barrett’s
esophagus carries with it a risk of progressing to
adenocarcinoma, the most effective form of therapy
would be directed at decreasing this risk while pro-
viding symptom relief. However, this is not currently
included as a priority of treatment by most practi-

tioners. In fact, the Practice Parameters Committee
of the American College of Gastroenterology states
that the goal of treatment for Barrett’s esophagus
should be “the control of the symptoms of GERD”
[15]. In contrast to medical treatment, surgical
therapy, by reducing refluxate that contributes to
ongoing esophageal injury, may be able to control
symptoms and induce a complete regression of
Barrett’s esophagus.

Medical Therapy

Whether the natural history of Barrett’s esophagus
can be affected by intervention is still a matter
of debate, but one thing that is clear is the inability of
medical therapy to etfect the complete regression of
intestinal metaplasia. Almost all studies of Barrett’s
esophagus and medical therapy have as an endpoint
either relief of symptoms or “normalization” of
esophageal acid exposure. Regression of intestinal
metaplasia is rarely reported and thus not a common
endpoint [16-18]. In one of the most rigorous longi-
tudinal follow-up studies involving 309 patients
with Barrett’s esophagus for an average of 3.8 years,
no cases of complete Barrett’s regression were found
[19]. Similarly, in a recent retrospective study by El-
Serag et al., which reviewed 236 veterans over a 20-
year period, PPI usage resulted in reduced incidence
of dysplasia but not regression of Barrett’s [20].

Surgical Therapy

Conversely, the literature isreplete with evidence for
regression after surgical therapy. In 1980, Brand efal.
were the first to report regression of Barrett’s esoph-
agus after surgery in four of 10 patients [21]. Since
that time, many series have reported modest rates
(10-38%) of complete regression after antireflux
surgery [22-25]. Gurski ef al. reported on 77 con-
secutive patients undergoing antireflux surgery and
found that low-grade dysplasia (LGD) regressed to
non-dysplastic Barrett’s in 68 % and intestinal meta-
plasia to cardiac mucosa in 21% [25]. Similarly,
Hofstetter et al. found 44 % of patients having com-
plete resolution of their preoperative LGD and 14 %
regressed from intestinal metaplasia to cardiac mu-
cosa, after antireflux surgery [13]. The implications
of these results deserve further consideration as they
are far superior to any published studies utilizing
medical treatment.
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Histology Pre Post
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1 (Indefinite) / 90 (1%)

Fig. 23.1 Fate of the Barrett’s epithelium after laparo-
scopic antireflux surgery (LARS) in patients with
endoscopic follow-up; includes all patients in series. Key:
No IM: no evidence of intestinal metaplasia by endoscopy
or histology; No dysplasia: intestinal metaplasia without
dysplasia on biopsy; ID: indefinite for dysplasia; LGD: low-
grade dysplasia; HGD: high-grade dysplasia; (—) regres-
sion; (——) stable; (---) progression. HGD, high-grade
dysplasia; ID, indefinite for dysplasia; LGD, low-grade dys-
plasia; No dysplasia, intestinal metaplasia without dyspla-
sia on biopsy; No IM, no evidence of intestinal metaplasia
by endoscopy or histology; —, regression; ——, stable; - - -,
progression. Reproduced with permission from
Oelschlager et al. [14]. Copyright Lippincott, Williams &
Wilkins.

We recently reported the results of 106 patients
with Barrett’s esophagus after LARS [14]. After a
median follow-up of 40 months, 33 % of patients had
complete regression of intestinal metaplasia (Fig.
23.1). All of the patients with complete regression
had short segments of Barrett’s esophagus (<3 cm)
before the operation, and in this group the regression
rate was 55% (Fig. 23.2). The fact that complete re-
gression was observed exclusively in patients with
short segment Barrett’s esophagus is not surprising.
Gurski et al. reported regression of Barrett’s esopha-
gus was significantly more common in short seg-
ment than long segment Barrett’s esophagus after
antireflux surgery (58% vs. 20%, respectively,
P =0.0016) [25]. Similarly, DeMeester et al. found
that 73% of patients with Barrett’s esophagus con-
fined to the gastroesophageal junction had complete
regression after surgery [5]. If, as some recent studies
on the pathogenesis of Barrett’s esophagus suggest,

Histology Pre Post

No IM
No dysplasia

ID

LGD
HGD 0 0
Adenocarcinoma 0 0

De novo dysplasia 0/54 (0%)

Fig 23.2 Fate of the Barrett’s epithelium after laparoscopic
antireflux surgery (LARS) in patients with endoscopic fol-
low-up; includes patients with short segment only

(<3 cm). Key: No IM: no evidence of intestinal metaplasia
by endoscopy or histology; No dysplasia: intestinal meta-
plasia without dysplasia on biopsy; ID: indefinite for dys-
plasia; LGD: low-grade dysplasia; HGD: high-grade
dysplasia; (—) regression; (——) stable; (- --) progression.
HGD, high-grade dysplasia; ID, indefinite for dysplasia;
LGD, low-grade dysplasia; No dysplasia, intestinal meta-
plasia without dysplasia on biopsy; No IM, no evidence of
intestinal metaplasia by endoscopy or histology; —, regres-
sion; ——, stable; - - -, progression. Reproduced with permis-
sion from Oelschlager et al. [14]. Copyright Lippincott,
Williams & Wilkins.

the disease is initially localized and then becomes
progressively longer, the results of the preceding
studies would strongly suggest that earlier referral
for antireflux surgery in patients with Barrett’s
esophagus may yield the best chance for complete
regression.

Progression to Cancer

The demonstration that any form of therapy reduces
the risk of developing adenocarcinoma, among pa-
tients with Barrett’s esophagus, is difficult due to the
low rate of progression. Rudolph ef al. reported a
3.4%]/year chance of progression to cancer in a
group of 309 patients followed for a mean of 3.8
years [19]. However, if patients presenting with HGD
were excluded the rate decreased to 0.8%/year.
Most studies examining the incidence of progression
from Barrett’s esophagus to cancer involve patients
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receiving medical therapy; thus, the true rate of pro-
gression without any treatment is unknown.

Medical versus Surgical Therapy

Multiple studies have concluded that there is no
difference in progression to cancer between those
treated medically or surgically, although there are no
comparative trials with enough patients to show a
difference even if one exists. For example, the most
recent randomized clinical trial in the USA con-
cluded the risk was the same, yet two patients in the
medical arm developed esophageal cancer with
none in the surgical arm [26].

Whether medical or surgical therapies can ulti-
mately affect the progression from Barrett’s esopha-
gus to cancer remains highly controversial. Corey et
al. performed a meta-analysis to examine if ARS was
associated with a reduction in the incidence of
esophageal adenocarcinoma when compared to
medically treated patients [27]. They reported
that patients treated with ARS had a rate of 3.8
cancers/1000 patient years compared to 5.3 cancers
in the medical group. This did not reach significance
(P = 0.29). A large retrospective cohort study
from Sweden also reported no decrease in the rate
of progression to cancer after antireflux surgery
[28].

Still, many have shown a difference in cohorts of
patients where significantly more medically treated
patients developed dysplasia and cancer than surgi-
cal patients. Katz et al. for example, found the 9-year
dysplasia- and cancer-free survival was 100% in pa-
tients treated surgically, and only 50% in those re-
ceiving medical therapy [29].

Data from our center support the premise that an
effective antireflux barrier reduces the progression
of Barrett’s esophagus. None of our patients without
dysplasia before operation progressed to HGD or
cancer. Only one of our patients with long segment
intestinal metaplasia and LGD was found to have
adenocarcinoma, but this occurred within a year of
operation. Given the short period, it is likely that this
focus was either missed prior to the operation, or the
dysplasia—carcinoma sequence was irreversible at
the time of operation. In fact, in most studies of the
natural history of Barrett’s esophagus, patients who
develop a cancer within 6 months to a year are ex-

cluded because they are thought to have harbored
the disease when first seen [30]. McDonald et al.
have shown that most cancers after antireflux
surgery present in the first year postoperatively, sug-
gesting that in these patients, the dysplastic process
has entered an irreversible phase before the opera-
tion [31]. They also found that very few patients de-
velop HGD or cancer when followed for longer
periods. Even so, including our patient equates
to one cancer in 274 patient-years of follow-up
(incidence, 0.3%/year). If the three largest pub-
lished series of LARS for Barrett’s esophagus
are compiled; only one cancer has developedin 1021
patient-years of follow-up (incidence, 0.09%/year).

In contrast to McDonalds study, Csendes et al. re-
ported a 4.1% progression from Barrett’s esophagus
to adenocarcinoma from 4-18 years after antireflux
surgery [32]. This group also had an unusually high
rate of recurrent GERD, more so than other centers.
Thisisimportantbecause the development of adeno-
carcinoma was related to recurrence of reflux symp-
toms and failure of the antireflux surgery. What is
clear from this study is that patients with Barrett’s
esophagus undergoing antireflux surgery need to be
followed long-term and those with recurrent patho-
logicreflux are atincreased risk for adenocarcinoma.

In our study, most patients (10 of 15) with preop-
erative evidence of dysplasia had regression to non-
dysplastic metaplasia or to normal (no Barrett’s)
after LARS. This supports the findings from other
groups, which have demonstrated up to a 70%
chance of regression of dysplasia after successful an-
tireflux surgery [5,6,23]. Thus, it appears that if the
integrity of the antireflux mechanism is restored
and remains intact over several years, preventing
the continued injury from acid and bile reflux,
patients with Barrett’s esophagus have a good
chance of disease regression and limited risk of
progression.

The evidence to date strongly suggests that LARS,
while not perfect, is currently the most effective
treatment for patients with Barrett’s esophagus. In
comparison to medical therapy, surgery has been
shown to effectively control patient symptoms, pro-
vide a durable barrier to gastroesophageal reflux,
stimulate the regression of Barrett’s esophagus, and
reduce the risk of adenocarcinoma.
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High-Grade Dysplasia

Treatment of HGD remains controversial. HGD is an
intermediary between metaplasia and adenocarci-
noma. Estimated rates of progression from HGD to
cancer have been reported as high as 59% 5-year cu-
mulative incidence [33]. Options for patients found
to have HGD include surveillance, prophylactic
esophagectomy, and endoscopic ablative techniques
(endoscopic mucosal resection [EMR] and photody-
namic therapy [PDT]).

The goal of surveillance is to detect the transfor-
mation of HGD to adenocarcinoma at an early stage
allowing for surgical resection. In order for surveil-
lance to be successful there must not be significant
survival difference in patients opting for surveillance
as opposed to esophagectomy or ablative therapies.
The main limitation of surveillance is its ability to de-
tect the progression to adenocarcinoma at its earliest
point, which is influenced by sampling error and/or
understaging by pathologists. Standard endoscopy
and biopsy forceps have a rate as high as 38% of
missed invasive adenocarcinoma in patients diag-
nosed with HGD who subsequently underwent
prophylactic esophagectomy [34]. In an effort to
diminish this false negative rate, jumbo biopsies
taken in four quadrants every 2 cm was advocated.
Falk etal. found that even with this technique 33 % of
patients undergoing esophagectomy were found to
have invasive adenocarcinoma [34]. Further efforts
have sought to increase the area sampled thus di-
minishing sampling error. Reid et al. showed that a
biopsy protocol utilizing jumbo biopsies every 1 cm
in four quadrants was more efficacious and missed
fewer cancers than when performed every 2 cm [35].
This protocol also relied on an experienced gastroin-
testinal pathologist. Still, even with their more
rigorous sampling protocol, one of 32 (3%) patients
in their series progressed to metastatic esophageal
cancer despite surveillance.

The benefit of surveillance depends upon both the
skill of the endoscopist and pathologist, as well as
the mortality associated with esophageal resection,
since mortality varies between 2-20% depending on
surgeon and institution experience.

Because of the high rate of progression and mor-
bidity and mortality of resection, less morbid

methods of eliminating the dysplastic epithelium
have been investigated. In an effort to ablate the dys-
plastic mucosal tissue responsible for progression to
cancer with low morbidity, PDT and EMR have been
utilized. Studies have reported the success of PDT in
ablating HGD. Overholt et al. recently reported on 83
patients undergoing follow-up of over 50 months
after PDT [36]. They found 94% of patients had
sustained resolution of their HGD. However, this was
associated with a 30% stricture rate and 4.6%
progression to adenocarcinoma. EMR allows the
histologic evaluation of resected tissue to determine
extent and depth of dysplasia/adenocarcinoma and
ensure adequate margins. Resection of HGD has
been reported with success of up to 98%. [37] This
rate has not been uniformly achieved and authors
have reported recurrence of HGD and progression to
invasive cancer after successful EMR [37,38]. Both
therapies should be limited to very controlled, high
volume centers.

Prophylactic esophagectomy after the diagnosis of
HGD eradicates cells at risk of degeneration to cancer
and should serve as the standard that all other treat-
ment modalities are compared with. Due to sam-
pling error and ditficulties in ditferentiating HGD
from cancer, 38-56% of patients diagnosed with
HGD have been found to have invasive adeno-
carcinoma after esophagectomy with 3% having
metastatic disease [39-42]. This high rate of undiag-
nosed invasive cancer in the background of HGD has
lead many authors to advocate esophagectomy for
any patient diagnosed with HGD. The advantage of
complete eradication of dysplastic cells must be
weighed against the morbidity and mortality associ-
ated with esophagectomy. Large meta-analysis look-
ing at the mortality after esophagectomy have
reported declining rates from 13% in the 1980s to a
current rate of 3-6%, at high volume centers.

In the end, no perfect treatment is available for
HGD. With vigilant surveillance and numerous fre-
quent biopsies, cancer has been missed with pro-
gressing to metastatic disease. Ablative techniques
remain relatively new with few long-term follow-up
studies. These techniques are likely to improve with
time and prolonged follow-up, making them an
attractive alternative to esophagectomy. Esophagec-
tomy, although completely removing the organ at
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risk, has varying degrees of associated morbidity and
mortality. These rates vary greatly depending on the
experience and operative volume of the surgeon and
medical center. Thus, physicians caring for patients
with HGD must weigh the risk of cancer progression
(patientage, surveillance compliance, healthcare ac-
cess) with the morbidity and mortality of esophagec-
tomy and unknown efficacy of evolving endoscopic
ablative techniques.

Esophageal Cancer

Esophageal cancer progresses insidiously, thus often
presenting at a late stage with a poor prognosis.
There are two main types, squamous cell and adeno-
carcinoma. In the last 20 years, esophageal cancer in
the USA and Western countries has undergone a
transformation from predominantly squamous cell
carcinoma to adenocarcinoma. Largely responsible
for this shift is the identification of Barrett’s esopha-
gus as a precursor to esophageal adenocarcinoma.
Due to accepted screening and surveillance methods
for Barrett’s, esophageal adenocarcinoma is being
detected more commonly at an earlier stage, before
symptoms develop, and at a more curable stage.

Atpresent, surgical resection is an integral compo-
nent of treatment for cure. In these cases the surgical
diagnosis, work-up, and treatment are key to the
management of this disease. While there is overlap,
we will concentrate on the management of patients
with Barrett’s associated adenocarcinoma.

Presentation

The classic presentation of a patient with esophageal
cancer is that of progressive dysphagia initially to
solids and with time liquids. Patients typically de-
scribe a change in their eating habits from solids to
soft foods and eventually to liquids. Weight loss is
common. Esophageal luminal compromise can also
lead to odynophagia, regurgitation, and emesis. As
mentioned, increased screening and surveillance
have led to a greater proportion of patients detected
at earlier stages. Still, complications like recurrent
aspirations from tracheoesophageal fistula and vocal
hoarseness from encasement of the recurrent laryn-
geal nerve or invasion of the vocal cords can occur.
Rarely, patients present with massive hematemesis

after local invasion into the aorta, though most
of these are associated with squamous cell car-
cinoma.

Diagnosis

The most economical and easily accessible screen-
ing test for patients suspected of harboring an eso-
phageal malignancy is an esophagram. Esophageal
anatomy, size and location of mucosal abnormalities
and masses, as well as fistulas can be visualized. If not
the initial diagnostic test, esophagoscopy is the next
logical choice. Esophagoscopy allows visual charac-
terization of the lesion with concomitant biopsy. If
clinical and gross appearances of esophageal lesions
are consistent with malignancy, a negative biopsy
should initiate repeat biopsy.

Staging

Once the diagnosis of esophageal cancer has been
made, staging becomes paramount. In addition to
providing prognostic information, the TNM-based
staging system developed by the American Joint
Committee on Cancer, allows for the stratification of
patients who will benefit from surgery. Operative re-
section is essential for long-term survival. Patients
with unresectable or metastatic disease are offered
palliative care. Early esophageal lesions are treated
with sole surgical resection. Locally advanced dis-
ease can either be approached immediately with
operative intervention or surgical resection after
neoadjuvant therapies.

Computed tomography (CT) scanning of the chest
and abdomen is necessary to evaluate for distant
metastasis and local tumor invasion or extension.
Though it does give information on lymphadeno-
pathy, CT is notoriously poor in its accuracy of de-
tecting malignant lymph nodes (approximately
55%). Size criteria (>1 cm) is not definitive for nodal
disease as enlarged benign reactive lymph nodes are
common in patients with esophageal cancer. CT scan
is more accurate in the evaluation of metastatic dis-
ease to the liver and lung as well as ruling out tumor
invasion into surrounding organs.

Endoscopic ultrasound (EUS) has become the
modality of choice in the evaluation of tumor depth
and regional nodal involvement. EUS allows for the
most accurate assessment of T (85-90% ) and N stage
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(70-90%) and allows for fine needle aspiration of
suspicious lymph nodes (>90% accuracy).

Positron emission tomography (PET) can be a use-
ful adjunct for patients suspected of metastatic dis-
ease or equivocal findings on imaging studies. PET
localizes areas of high cellular metabolic demand as
is common with malignancy. The results of PET can
occasionally be misleading, negatively influencing
treatment decisions. Therefore, further confirma-
tion of metastatic disease either detected by diagnos-
tic imaging or physical exam, should be confirmed
with tissue diagnosis via fine needle aspiration,
percutaneous, thorascopic, laparoscopic, or open
biopsy.

Neoadjuvant Therapy

In efforts to prolong survival and reduce local recur-
rence, neoadjuvant chemotherapy and radiation
havebeen advocated. Definitive studies demonstrat-
ing the efficacy of this therapy are few and thus it
remains controversial. There is one randomized
clinical trial demonstrating a survival benefit of this
approach compared with surgery alone [43]. Still,
other trials have shown no significant benefit
[44-46]. There are no trials demonstrating a benefit
of adjuvant therapy. Patients with locally advanced
tumor (stage IIB, III), i.e. node-positive disease or
those in whom negative microscopic margins are un-
likely to be achieved, may benefit from neoadjuvant
therapy. The utility of this is twofold. First, if success-
ful, it allows reduction in tumor size and stage
thus making complete surgical resection possible
(RO resection) and in a subset of patient (20-25%)
resulting in complete pathologic response. Second,
it provides for immediate treatment of micro-
metastatic disease which is otherwise delayed
until after surgery and recovery. Once neoadjuvant
therapy is complete, patients undergo restaging. As
long as the patients have not progressed to metastat-
ic disease, esophagectomy is performed 4-6 weeks
after completion of neoadjuvant therapy.

Preoperative Assessment

Overall, operative mortality after esophagectomy
has steadily declined since its first published review
by Ochsner and DeBakey [47] in 1941 with a 72%
mortality rate to 29% in the 1960s-1970s [48], 13 %

in the 1980s [49], and 3-6% currently [50]. A por-
tion of the improvement in patient survival is likely
attributable to advances in patient selection and pre-
operative care.

Patients presenting with esophageal cancer com-
monly have significant comorbidities increasing the
risk of perioperative morbidity and mortality. Differ-
ent comorbidities have been found to be associated
with esophageal adenocarcinoma and squamous cell
carcinoma, thus helping to guide preoperative work-
up. Patients with esophageal adenocarcinoma, a dis-
ease of Western countries, have a high prevalence of
obesity, increased cardiovascular disease, and renal
impairment. The reported prevalence has been as
high as 50% with obesity, 28% with cardiac impair-
ment, and 17% with renal insufficiency [51]. Pa-
tients with esophageal squamous cell cancer are
more likely to have sequela of tobacco and alcohol
abuse, specifically impaired hepatic and pulmonary
function.

Patients being evaluated for esophagectomy
should undergo a detailed history and physical exam
specifically focusing on cardiovascular, pulmonary,
and nutritional parameters. Cardiopulmonary com-
plications after esophagectomy are responsible for
up to 70% of perioperative mortality. During
esophagectomy significant strain is placed on the
myocardium with intravascular fluid shifts and op-
erative maneuvers including mediastinal dissection
and single lung ventilation. Routine preoperative
pulmonary and cardiac function testing should be
performed on patients thought to be at increased
risk. Cardiac evaluation should include an electro-
cardiogram and chest X-ray. Abnormalities identi-
fied should be further investigated with selective use
of a stress test (either exercise or chemical), echocar-
diography, myocardial perfusion imaging, or angiog-
raphy, in collaboration with a cardiologist.

Pulmonary complications have been reported to
be directly responsible for a 4.5-fold increase in mor-
tality. Utilizing prospective data on 228 patients
undergoing esophagectomy, major pulmonary
complications were significantly associated with
smoking history (P =0.03) and abnormal preopera-
tive spirometry (P = 0.002) [52]. In efforts to de-
crease this, preventative efforts have focused on
preoperative smoking cessation, risk stratification
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with spirometry, and aggressive pulmonary physio-
therapy, incentive spirometry and ambulation post-
operative. Two large studies have shown the forced
expiratory volume in 1 s (FEV)) to be predictive of
postoperative pulmonary complications. Law et al.
retrospectively looked at 523 patients undergoing
esophagectomy and found patients with an FEV, less
than 81% predicted had significant pulmonary mor-
bidity [53]. Likewise, Ferguson and Durkin reported
that on multivariate analysis of 292 patients,
abnormal FEV, was an independent predictor of
pulmonary complications [54]. Although multiple
studies have looked at the predictive value of other
individual measured pulmonary function tests,
none have consistently been shown to predict post-
operative morbidity or mortality.

In summary, most patients with esophageal cancer
are greater than 65 years and often have significant
comorbidities. The intervention (esophagectomy) is
substantial, thus careful attention to the patients
overall health and physiologic status is very impor-
tant. While most patients should be operated onin a
timely manner (4-6 weeks), there is usually time for
athorough work-up.

Operative Techniques

Open Approach

Many different operative approaches are utilized in
resection of the esophagus, each with their propo-
nents. In the USA, esophageal resection is most
commonly performed using one of the following
approaches: transhiatal esophagectomy (THE),
transthoracic (Ivor-Lewis esophagectomy), multi-
incision esophagectomy, and left thoracoabdominal
esophagectomy. Each has theoretically advantages
and disadvantages, and currently none is widely ac-
cepted as the approach of choice.

THE involves both a midline laparotomy and a left
cervical incision. The short gastric and left gastric ar-
teries are ligated, while the right gastric artery and
right gastroepiploic arcade are carefully preserved.
The main advantages of THE include a cervical
gastroesophageal anastamosis and avoidance of a
thoracic incision. If anastamotic leaks do occur, they
are usually contained in the neck and rarely evolve
into empyema or mediastinitis. Treatment, there-
fore, consists of simply opening and draining the
neck incision and allowing healing via secondary in-

tention. The morbidity and mortality of a cervical
leak is nearly 10-fold less than for a thoracic leak.
With THE, the thoracic cavity and pleura is not typi-
cally violated, therefore pulmonary complications
are less likely. Although perioperative morbidity and
mortality is decreased in most studies, critics contend
that since the thoracic esophagus is mobilized
blindly, lymph nodes can be left behind which could
negatively impact long-term survival and local
control.

Transthoracic esophagectomy (TTE) or the
Ivor-Lewis esophagectomy also requires two inci-
sions, a midline laparotomy, and a right postero-
lateral thoracotomy. En bloc resection is performed
from the hiatus to the apex of the chest. Hilar, sub-
carinal, and periesophageal nodes can be carefully
resected with the esophagus. A gastroesophageal
anastamosis is performed in the right chest and chest
tubes are placed for drainage. TTE allows for the di-
rect visualization and resection of the intrathoracic
esophagus and complete lymphadenectomy. Asare-
sult, this is the approach of choice for locally ad-
vanced mid-esophageal tumors (mostly squamous
cell cancers) that potentially involve surrounding
mediastinal organs, such as the trachea, bronchus,
thoracic duct, azygous vein, and recurrent laryngeal
nerve. The improved exposure afforded by TTE
comes at the price of increased postoperative compli-
cations related to the thoracotomy incision. Division
of the accessory muscles of respiration leads to the
impairment of pulmonary mechanics. Additionally,
pain from the incision and necessary chest tube leads
to splinting, atelectasis, and decreased respiratory re-
serve. Pivotal in the reduction of pulmonary compli-
cations after TTE has been the thoracic epidural.
Watson and Allen [55] compared patients undergo-
ing esophagectomy with and without epidural
anesthesia. They found that epidural anesthesia was
associated with fewer respiratory failure events
(13% vs. 30%), respiratory related deaths (0% vs.
5%), and 30-day hospital mortality (6% vs. 9%).
Similarly, Whooley et al. examined their institutions
decline in operative mortality and pulmonary com-
plications in 710 patients undergoing primarily TTE
over a 17-year period [56]. They found that during
this time operative mortality decreased from 16 % to
3% and pulmonary complication declined from
15% to 6%. Concomitant with this improvement
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was the introduction and standard use of epidural
anesthetic. Utilizing a logistical regression analysis,
epidural anesthesia was shown to significantly con-
tribute to the reduction in postoperative mortality
(P<0.0001).

Multi-incision esophagectomy is performed less
often and requires three incisions: midline laparo-
tomy, thoracotomy, and a cervical incision. This is
more commonly performed for upper or middle
esophageal squamous cell carcinomas and allows the
addition of cervical lymphadenectomy. A left thora-
coabdominal esophagectomy involves one incision
extended across the abdomen and posterolateral
chest. Regardless of the incisional approach, the
same operative procedure is performed, i.e. esopha-
gogastrectomy with regional lymph node resection.

The two most common approaches utilized for dis-
tal esophageal adenocarcinoma are the transhiatal
and transthoracic (TT) esophagectomy. Controversy
exist as to whether the lower perioperative mor-
bidity and mortality with THE is outweighed by the
TTE’s more radical lymphadenectomy. Multiple
studies have sought to answer this dilemma. Four
randomized controlled trials have been published.
Three have suffered from small sample sizes and
have thus been criticized as suffering from a type II
error. The first from France randomized 32 patients
to THE and 35 to TTE [57]. They reported no differ-
ence in operative blood loss, morbidity, pulmonary
complications, intensive care unit and hospital stay,
or long-term survival. They did find a significant dif-
ference in median operative duration with THE
being shorter (4 vs. 6 h). A smaller German study
randomized 16 patients each to THE and TTE [58]. A
significant decrease in mean operative length (190
vs. 330min, P = 0.005), mean operative blood loss
(1000 vs. 2270mL, P=0.003), and pulmonary com-
plications (four vs. eight events) were found in the
THE group. There was no difference between groups
in 30-day hospital mortality or survival at 1 year. A
study of distal third squamous cell cancers from
Hong Kong enrolled 20 patients into the THE cohort
and 19 into the TTE group [59]. No difference was
found in operative blood loss although intraopera-
tive hypotension was significantly more frequent in
the THE group (P=0.001). THE was completed with
a shorter mean operative length (174 vs. 210min,
P=0.001). Two patients in the TTE group underwent

re-exploration (persistent air leak and fundal
necrosis) with none in the THE group. No difference
existed in pulmonary complications, hospital length,
or median survival.

Hulscher et al. conducted the largest randomized
controlled trial comparing THE to TTE [60]. One
hundred and six patients were assigned to the
THE group and 114 to the TTE group, virtually all
with adenocarcinoma. These groups were evenly
matched for age, American Society of Anesthesiolo-
gists class, and tumor stage. Operative time and
blood loss in the THE group were almost half of that
inthe TTE group (3.5hvs. 6.0h, P<0.001 and 1.0 vs.
1.9 L, P < 0.001 respectively). As predicted, speci-
mens from the TTE group had significantly more
lymph nodes identified in the pathologic specimen
(mean, 31 vs. 16, P<0.001). Perioperative morbidity
was lower in the THE group, specifically, pulmonary
complications (27% vs. 57%, P <0.001) and devel-
opment of chylous leak (2% vs. 10%, P = 0.02).
Although no significant difference existed in
anastamotic leak rate, two leaks in the TTE required
re-operation with none in the THE group. Increased
perioperative morbidity in the TTE group con-
tributed to the groups overall increase in intensive
care unitand hospital stay (P<0.001 for both) as well
as a 56% higher overall cost. Hospital mortality be-
tween groups was not significant and low at 3%.
With a median follow-up of 4.7 years (range
2.5-8.3), no difference existed in local-regional re-
currence or distant recurrence with 70% of patients
dying in the THE group and 60% in the TTE group
(P=0.12). Although no difference in overall survival
or disease-free survival occurred at the time of
median follow-up, if projected out to 5 years both
trended toward increased survival in the TTE group.

Despite four randomized controlled trials, contro-
versy continues as to which operative approach is
superior. Some of the differences in findings may be
related to the variance in cancer subtype between
studies (adenocarcinoma vs. squamous cell car-
cinoma), geographical differences in patient popula-
tions (Europe vs. Asia), and perioperative care. What
is clear is that all four studies reported no statistical
difference in cancer survival between patients
undergoing THE and TTE. Therefore, extended lym-
phadenectomy for esophageal cancer remains an
unproven method of improving survival and both
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Table 23.2 Reported results of minimally invasive esophagectomy (MIE).

Major Anastomotic
Conversion ORtime complications leak rate Hospital stay Mortality
Author N (%) (min)* (%) (%) (days)t (%)
Nguyen etal. [63] 46 2.2 350 17.4 8.7 8 4.3
Luketich etal. [62] 222 7.2 NR 32 11.7 7 1.4

* Reported as mean.
t Reported as median.
NR, not reported; OR time, operative time.

THE and TTE are effective operations for distal
esophageal cancer.

Esophagectomy whether performed transhiatal or
transthoracic, results in prolonged convalescence.
DeBoeretal. examined the long-term effect THE and
TTE had on quality of life assessed via two validated
quality-of-life (QOL) questionnaires (Rotterdam
Symptom Checklist and Medical Outcomes Studies
Short Form-20) [61]. Patients in both groups re-
ported a decline in physical and psychological symp-
toms as well as activity level immediately after
surgery with a gradual return to preoperative levels
within a year after surgery. Interestingly, global QOL
measurements initially declined then re-bounded
too and remained above preoperative results 8
months after surgery. Comparing THE to TTE at 5
weeks postoperative, pain was significantly less in
the THE group. Likewise at 3 months, the THE group
reported significant increases in energy level, physi-
cal and mental functioning as compared to patients
undergoing TTE. However with continued follow-
up the recovery of the TTE group met the THE group
and at 1 year no statistical difference existed in QOL
scores between groups. With sustained follow-up of
over 3 years, QOL remained similar between groups.

Minimally Invasive Approach

In efforts to decrease operative morbidity, hospital
stays, and postoperative convalescence, surgeons
began reporting on the feasibility of minimally inva-
sive esophagectomy (MIE) in 1992. Similar to the
open approach, multiple variations exist in tech-
nique; thorascopic, laparoscopic, and a combination
there of. Two large studies have reported on the com-

bined laparoscopic and thorascopic approach to
esophagectomy and results are displayed in Table
23.2[62,63]. Both studies demonstrate the technical
feasibility of MIE with alow conversion rate, hospital
stay, and mortality rate. Mean operative times were
350min, equivalent to those reported by Hulscher et
al. with open TTE (360min) [60]. Major complica-
tions, anastamotic leak rate, and cumulative sur-
vival, based on TNM stage, were comparable to
outcomes after open surgery. An admitted short-
coming of MIE is the loss of tactile sensation which
can make discerning the extent of tumor difficult,
thus possible jeopardizing attainment of negative
margins. By utilizing intraoperative endoscopy to
delineate proximal and distal extension of the malig-
nancy, Nguyen et al. obtained negative margins in all
patients [63]. Other theoretical concerns include
port site recurrences, which have not been reported
in either study with mean follow-up of 26 months.

Although technically challenging, MIE can be per-
formed with equivalent operative morbidity, mor-
tality, and cancer survival as reported with open
surgery. A few studies have reported decreased car-
diopulmonary complications and faster recovery
with MIE. Still more experience, longer follow-up,
and ideally a randomized control trial is needed to
determine if MIE protracts any advantage over open
esophagectomy.
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Abstract

The esophageal adenocarcinoma (EAC) incidence
has been increasing for the last few decades at an
alarming rate and its burden in the UK is higher than
in other Western countries. The prognosis for ad-
vanced EAC is poor. A majority of those cancers arise
from Barrett’s esophagus in the course of a well-
established metaplasia—dysplasia—carcinoma se-
quence. Endoscopic surveillance for dysplasia and
early carcinoma detects cancer in less advanced
stages but has not proven to diminish cancer inci-
dence or improve general outcomes. Neither has an-
tireflux surgery been shown to protect against EAC
development. Currently different available endo-
scopic ablative techniques for Barrett’s mucosa are
limited to high-risk patients groups with dysplasia.
Therefore other strategies that would inhibit car-
cinogenesis process are needed. Chemoprevention is
a specific medical treatment of carcinogenesis that
stops the process in the early phases before an ad-
vanced cancer develops. There is evidence that pro-
ton pump inhibitor (PPI) treatment of Barrett’s
esophagus increases cell differentiation and apopto-
sis, reduces cyclooxygenase-2 (COX-2) level and
proliferation and possibly reduces the length of Bar-
rett’s epithelium and dysplasia incidence. Epidemio-
logical studies show that use of aspirin and other
non-steroidal anti-inflammatory drugs (NSAIDs),
probably due to inhibition of COX-2 and other non-
COX-2 inflammatory pathways, correlates with a
lower incidence of esophageal cancer. Chemopre-
vention with aspirin in patients with Barrett’s esoph-
agus may be cost-effective, at least in populations
with high cancer incidence. A large randomized trial
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(ASpirin Esomeprazole Chemoprevention Trial—
ASPECT) in Barrett’s esophagus has begun to study if
intervention with aspirin and high-dose PPIs can de-
crease mortality or conversion from Barrett’s meta-
plasia to adenocarcinoma or high-grade dysplasia
(HGD).

Introduction

Epidemiology

Gastroesophageal reflux disease (GERD) affects
7-10% of the general population and the develop-
ment of esophageal adenocarcinoma (EAC) is its
most serious complication. For the last three decades
the incidence of esophageal carcinoma, which has
become a dominant form of esophageal cancer in
Westernized countries, has been rapidly increasing.
The UK has one of the highest rates of 12—16/100 000
compared with 3-5/100000 in the USA [1,2], with a
peak incidence at the age of 55-69 years. Despite re-
cent developments in diagnostics and treatment
modalities the prognosis remains poor with an over-
all 5 year survival rate of 10%. Only early detection
of stage 1 tumors carries substantial improved
outcomes.

Although some studies suggest that chronic reflux
symptoms predispose to the carcinoma itself, Bar-
rett’s esophagusis detected before or at the diagnosis
of adenocarcinoma in almost two-thirds of patients
[3]. Barrett’s metaplasia is present in up to 12% pa-
tients with symptomatic GERD. In addition autopsy
studies showed that in the general population its
prevalence is about 1% [4]. A vast majority of cases
remains unidentified. More recent studies on popu-
lations of American subjects who underwent upper



endoscopy in addition to screening sigmoidoscopy or
colonoscopy, report the prevalence of 6.8% to as
much as25% [5,6].

The other recognized demographic and clinical
characteristics that correlate with the higher cancer
incidence include Caucasian ethnicity, male sex,
obesity, smoking, reflux duration, frequency and
severity, the length of Barrett’s esophagus; high-
grade dysplasia (HGD), a positive Barrett’s esopha-
gus or EAC family history, possibly the absence of
Helicobacter pyloriinfection, and increased hiatal her-
nia size [3,7,8]. Non-steroidal anti-inflammatory
drugs (NSAIDs), aspirin, and perhaps proton pump
inhibitor (PPI) use shows a negative correlation with
the EAC occurrence [9-11].

Although itis generally accepted that the majority
of Barrett’s esophagus and EAC are sporadic, familial
aggregation of both conditions (familial Barrett’s
esophagus) has been repeatedly reported. In a
hospital-based epidemiological series, Chak et al.
showed that up to 20% of all Barrett’s esophagus
presentations were familial and therefore might
have a small and undetermined genetic component
[7,12]. Autosomal dominant transmission pattern
was observed in most series but a causative gene has
yet to be identified [7,12]. In a recent study, screen-
ing endoscopy identified Barrett’s esophagus and
EAC in a substantial proportion of first-degree rela-
tives of affected members of families [13].

The strongest predictor of the adenocarcinoma
risk in Barrett’s esophagusis HGD. Its presence deter-
mines 30-60% cumulative risk of cancer develop-
ment within 5 years and in some patients occult
cancer is already present at the time of dysplasia de-
tection. It is estimated that in the UK the cancer inci-
dence rate in Barrett’s esophagus is 1%/year and it
appears to be higher when compared with other
Western European countries and the USA [14,15].
The evaluation of the exact conversion rate into dys-
plasia and cancer is hampered by false positive Bar-
rett’s esophagus diagnoses and this limitation might
be particularly true for large population studies
[16,17]. The diagnosis of columnar esophagus with
no intestinal metaplasia may result from hiatal
hernia biopsying and intestinal metaplasia may
be found in biopsies from the gastroesophageal
junction.
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EAC prevention

Once Barrett’s esophagus, and so the increased can-
cerrisk, hasbeenrecognized, some measures need to
be taken to detect cancer at an early stage to lower or
prevent the adenocarcinoma incidence. Given a
0.5-1.0% annual risk of cancer with Barrett’s esoph-
agus, the majority of those patients will not develop
EAC and only 5% of them will die with this disease.
Any current preventive strategy will benefit only
one in 20 patients and so the economic burden of an
intervention is of particular importance. One ap-
proach to this problem is better identification within
Barrett’s esophagus population those patients who
are particularly at risk so that a preventive interven-
tion might be limited to them. Presently, however,
only dysplasia is taken into account in the clinical al-
gorithm that stratifies the cancer risk and adjusts the
preventive management accordingly. Dysplasia is a
late cancer risk marker but it is preceded by specific
molecular alterations that might provide surrogate
markers of the increased risk. Some intensively stud-
ied parameters being validated in prospective studies
are inactivation of p16 and p53, which are tumor su-
pressor genes, and overexpression of cyclin D, which
actsin opposition to p16 and stimulates cell prolifera-
tion by promoting cell cycle transition from G1 to S
[18]. The most advanced and promising data con-
cerns DNA aneuploidy and tetraploidy detected in
flow cytometry that were already shown to predict
progression to EAC [19,20], but those data have not
yet been widely reproduced in other centers and in
randomized controlled trials. The selection of prog-
nostic molecular markers will be of critical impor-
tance for timing of preventive interventions and for
targeted designs for future studies.

Diet and Lifestyle

Obese subjects with a body mass index (BMI) > 30
may have up to a 16-fold increase of the EAC risk
compared with those with a BMI < 22 [3]. Unfortu-
nately, although clinical trials have shown that com-
bined low-calorie diet, increased physical activity,
and behavioral therapy result in a substantial weight
reduction, when the therapeutic intervention is
stopped the majority of subjects will progressively
regain lost kilograms and reach the same weight as
before the treatment or even higher. The same is true
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for pharmacological weight reduction strategies,
and the safety of long-term therapy has not been
established.

The association between dietary factors and the
risk of EAC is not fully understood. Studies that ana-
lyzed dietary patterns in cancer patients suggest that
a greater intake of nutrients from plant sources, par-
ticularly from fruit, vegetables, and whole-grains, as
well as fish and diary products may be associated
with a lower risk. [21-23]. These foods contain o-to-
copherol, vitamin C, vitamin B, $-carotene, folate,
and dietary fiber that have been shown to be inver-
sely associated with the EAC risk. More recently,
serum selenium levels were found to be inversely
correlated with the incidence of markers of
neoplastic progression in Barrett’s esophagus pa-
tients [24]. Greater intake of meat, dietary fat, and
cholesterol show a positive relation with the cancer
incidence.

Smoking is a major risk factor for EAC and the in-
crease in smoking prevalence observed in the last
century may partly explain the rising incidence of
these tumorsin the past decades [25]. The recent de-
crease in smoking may not yet have had an impact.
The same authors found that also poor educational
levels and low socioeconomic status seem to be asso-
ciated with the increased EAC incidence. Excessive
alcohol use is probably another related factor
[26,27].

These data more precisely define target popula-
tions for preventive interventions and suggest that
general education on healthy nutrition and healthy
lifestyle may be of value for EAC prevention. In
addition some deficient nutrients supplementation
might potentially have a chemopreventive effect.

Helicobacter pylori

Infection with H. pylori and particularly cagA* strains
is inversely associated with the risk of EAC (odds
ratio [OR], 0.4; 95% confidence interval [CI],
0.2-0.8) [28]. Chronic H. pylori infection may lead to
atrophic gastritis and can lower gastric acidity, which
might have a protective effect against the complica-
tions of acid reflux including EAC. It has been sug-
gested that the rising EAC incidence may reflect the
decreasing H. pylori infection prevalence. This prob-
lem, and the balance between benefits and risks of

eradication therapy, especially in GERD patients,
needs further studies.

Pharmacological Treatment

Currently there is no medical treatment proven to
protect from EAC. Antacids and H2-receptor antago-
nists (H2RAs) were the most widely used drug class-
es in GERD patients before the appearance of PPIs. It
hasbeen suggested that these drugs may allow reflux
to continue without symptoms and that uncon-
trolled reflux may lead to increased esophageal dam-
age. This hypothesis was partly based on results of
some case controlled studies which showed that sub-
jects who developed EAC reported the use of H2RAs
and antacids more often than the general population
[29], and those who died of EAC were more likely to
use H2RAs than subjects who died from cardiovas-
cular disorders [30]. These results, however, should
be interpreted with caution since the increased drug
consumption may only reflect the severity of reflux.
The comparison to non-reflux populations does not
allow for separating the influence of pathologic
mechanisms present in GERD, from the drug effect.
Direct evidence that effective acid suppressant
therapy with PP modifies cancer risk is lacking [31].
Thereis data from experimental and epidemiological
studies that acid and inflammation control may
significantly influence transition process from
metaplasia to dysplasia and carcinoma. These issues
are discussed in more detail in the next sections.

Surgery

Antireflux surgery in a population with GERD and in
patients with Barrett’s esophagus does not seem to
lower the cancer incidence and this is thought to be
due to incomplete acid reflux control, even when
symptoms are reduced [32,33].

Endoscopic Screening and Surveillance

According to current American College of Gastroen-
tenology recommendations, regular surveillance
endoscopy with histological examination of meta-
plastic tissue for dysplasia is performed more
frequently when low-grade dysplasia (LGD) is
detected, while HGD is treated with esophagectomy
or endoscopic ablation. Endoscopic screening and
repeated surveillance procedures needs to be



accepted by a patient and requires expert endo-
scopists and pathologists, given the major interpreta-
tion problems with dysplasia. It results in the
detection of cancers at an earlier stage and prognosis
of these patients is better compared with those with
symptomatic tumors. However there is no direct ev-
idence from randomized studies that this improves
overall survival compared to the general population
[34]. Cost-effectiveness analyses indicate that highly
sensitive surveillance endoscopy can only be justi-
fied in subpopulations with the highest risk; the
lower the adenocarcinoma incidence, the longer in-
terval between endoscopies is worthwhile [35]. In
the USA, a population with an estimated 0.4% can-
cer incidence per year, the cost-effective manage-
mentincludes a surveillance procedure every 5 years
with an incremental cost-effectiveness ratio (ICER)
of $98000/quality-adjusted life-years (QALY) (see
later). Although debatable, a one-time endoscopic
screening for Barrett’s esophagus in 50-year-old
GERD patients might be a cost-effective strategy
compared with no screening with an ICER of
$24700/QALY, and even an alternative to surveil-
lance if effective measures in patients at risk could be
taken [36,37].

Endoscopic Ablation Therapies

Endoscopic mucosal ablation therapies (photody-
namic therapy, argon plasma coagulation, and mu-
cosal resection) are increasingly used in specialized
centers for treatment of HGD. These methods, com-
bined with medically or surgically achieved acid
control may lead to partial regression of Barrett’s
esophagus mucosa and squamous re-epithelializa-
tion, but there is no direct evidence that this reduces
the EAC incidence. Moreover, dysplasia or cancer
may develop in the residual metaplastic epithelium
and also under the squamous re-epithelialization
layer [38], thereby making detection even more
difficult.

Chemoprevention—
General Information

Definitions
Cancer chemoprevention was first defined by Sporn
in 1976 as a use of natural, synthetic, or biologic
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chemical agents to reverse, suppress, or prevent car-
cinogenic progression, and his definition included a
model of field carcinogenesis and multistep carcino-
genesis [39]. According to this hypothesis, due to
chronic exposure of a surface epithelium to environ-
mental carcinogens, epithelial cells may undergo
gradual genetic changes that predispose them to
multifocal development of dysplasia and cancer. The
original conception has been expanded and it was
shown that genetic and epigenetic changes in on-
cogenes and tumor supressor genes, along with
growth factors, imbalances, and enzyme dysregula-
tion in some cytoplasmic and nuclear signal path-
ways, lead to accumulation of changes in a single
clone of cells. Progression from normal tissue to dys-
plasia and then to cancer occurs usually over
decades. Multifocal occurrence of this evolution im-
plies that not all changed cells in a given tissue will
develop the same geneticlesions. Chemoprevention
can also be defined as the treatment of carcinogene-
sis, i.e. intervention in the disease process at earlier
stages before it reaches its terminal invasive and
metastatic phase.

Primary anticancer chemoprevention strategy is
aimed to prevent the development of malignancies
in a healthy population that may be characterized by
high risk, such as specific genetic mutations that pre-
dispose to cancer (e.g. prevention of colorectal carci-
noma in patients with familial adenomatous
polyposis (FAP) or prevention of breast cancer in
women with known BRCA mutation). Secondary
preventive intervention includes patients with es-
tablished premalignant lesions (i.e. colon adenomas,
Barrett’s esophagus) to prevent their progression to
cancers. Tertiary prevention is employed to prevent
the development of second primary tumors (SPTs) in
patients cured of initial cancer or premalignant
lesion, like women with a history of breast cancer or
patients definitely treated for oral leukoplakia [40].

Chemopreventive Agents Development

Possible mechanisms of action of chemopreventive
agents were originally described by Kelloff ef al. and
include carcinogen blocking activities, antioxidant
activities, and antiproliferation activities [41]. The
list of potential agentsis long and still expanding, but
the most intensively studied molecules include nu-
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trients, particularly retinoids, and NSAIDs for differ-
ent organs, estrogen receptor modulators (tamoxi-
fen and raloxifene) for breast cancer, and finasteride
for prostate cancer. Similar to the new drug evalua-
tion process, based on epidemiological and experi-
mental studies candidate agents are selected in a
scrutinized preclinical evaluation of its preventive
effect, metabolism, kinetics, and toxic effects in-
cluding potential carcinogenicity. If the agent has
promising organ-specific activity, is safe, tolerable,
with a mathematically proven cost-effectivenessin a
population atrisk, subsequent phases of clinical trials
are conducted. Phase I trials may be omitted in case
of nutrients or drugs already approved for use in
humans. Phase II studies are short-term trials con-
ducted in a premalignant phase of a disease perhaps
using surrogate markers. Long-term phase III studies
are best based on hard endpoints such as the cancer
incidence. Typically in the latter phase a reduced
cancer incidence or mortality is required to show the
chemopreventive efficacy. Such trials are usually at
least 5-10 years duration and involve large groups of
patients. For economic reasons, few academic cen-
ters and pharmaceutical manufacturers can under-
take them and that substantially limits the number of
candidate agents that can be developed using rigor-
ous protocols.

Another novel strategy to advance chemopre-
vention trials is not to depend on the cancer as the
endpoint, but on inhibition of earlier phases in the
carcinogenesis process basing on surrogate (inter-
mediate) endpoints for evaluation of its efficacy. This
approach may allow chemoprevention efficacy to be
demonstrated in a shorter duration. The potential
surrogate endpoints for cancer incidence are both
phenotypic and genotypic and their identification
and validation is the subject of many ongoing stud-
ies. The primary phenotypic surrogate endpoint
used in present chemopreventive trials is histological
modulation of significant precancerous lesions,
specifically intraepithelial neoplasia (IEN) in epithe-
lial tissues [41,42]. IEN is a non-invasive lesion that
has genetic abnormalities, loss of cellular control
functions, and some phenotypic characteristics of in-
vasive cancer and is a strong predictor of invasive
cancer. An established IEN (dysplasia in Barrett’s
esophagus, colorectal adenoma, prostatic [EN, cervi-

cal IEN) is currently an indication to invasive surgical
intervention or increased surveillance, but it may
also be a goal for medical intervention to reduce the
cancer risk and also morbidity associated with
surgery. Another potential advantage of pharmaco-
logical intervention over surgery is that its effect is
not limited to the established IEN but is exerted on
the whole epithelial field involved. It means that,
apart from inhibiting progression of a precancerous
lesion to cancer, an effective agent might lower the
risk of development of similar lesions in the
surrounding tissue. When the mechanism of
action of a new drug is well understood and the
treatment benefits only a subset of patients, their
accurate identification and targeted design may
dramatically reduce the number of patients required
for the study [43], such as estrogen antagonists in
breast cancer or epidermal growth factor inhibitors
in EAC.

Chemoprevention Cost-Effectiveness
Unger et al. [44] developed a method of assessing the
potential impacts of new cancer therapies on the
mortality of the US population and compared it with
successtful cancer prevention using the example of
the prostate cancer prevention with finasteride [45].
The absolute impact of a new treatment on survival
can be measured as the extension of life, that is the
potential number of person-years saved (PYS) in a
defined population as a result of the treatment.
Person-years lived (PYL) is the product of the num-
ber of patients treated and the average number of
yearslived by those patients. PYS is the difference be-
tween PYL on the experimental arm and PYL on the
standard arm:

PYS =PYL experimental —PYL standard.

First the authors analyzed eight phase Il therapeutic
trials in oncology in which the experimental therapy
showed significantly better survival. For each study
they constructed 5-year survival curves for standard
and experimental groups and calculated PYS for
each new therapy as a percentage of the number of
PYL with standard therapy. Then, based on cancer
population data from the SEER (Surveillance, Epi-
demiology and End Results) registry, they referred it
to the whole US population.
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In the prevention-setting, PYS is the difference be-
tween PYL in the cohort that received prevention
regimen and PYL in the cohort without prevention.
In a cohort without prevention, where 100% ex-
pected cancers will occur, the estimated survival will
be reduced. In a cohort with prevention, some sub-
jects will not get the disease and they will have simi-
lar survival as normal people and some will still get
the disease and will have survival as the cohort with-
out prevention. Combining the component pre-
vented from getting the disease with the component
not prevented from getting the disease will result in
improved overall survival for the cohort with pre-
vention (Fig. 24.1).

The authors were able to show that the potential
number of PYS as a result of chemoprevention of the
prostate cancer in the US population within the first
5 years is similar to the number of person-years that
would have been saved due to the new therapies for
advanced cancer from eight recent positive phase III
therapeutic trials in oncology.

Cost-effectiveness is one more requirement that
has to be fulfilled for a new intervention approval.
The average cost-effectiveness ratio (CER) is the av-
erage costs for a particular intervention, divided by
the years of life saved (PYS) as a result of that man-
agement:

CER = costs/PYS

The incremental cost-effectiveness ratio (ICER) is
the additional or incremental costs and benefits
compared with an alternative practice. Instead
of PYS, quality-adjusted life-years (QALYs) are

1

2 3 4 5
Years from registration

usually used in the denominator, a measure that ad-
justs life expectancy by the quality of life associated
with it:

ICER =the difference in costs/QALYs

The ICER provides the critical information because it
compares the cost and benefits of one strategy with
another and shows what the additional benefit is in
a robust way. For a preventive strategy, like endo-
scopic surveillance in Barrett’s esophagus, ICER is
the costs of regular surveillance endoscopy minus
the costs of no surveillance (the costs of cancer treat-
ment) divided by the life expectancy of patients with
surveillance minus the life expectancy of patients
without surveillance [35,46]. The suggested ICER
for prevention strategies is $40 000/life-year saved,
but some well-accepted practices, like cervical can-
cer screening, are much more costly.

Landmark Chemopreventive Studies

Breast Cancer Prevention Trial results were the land-
mark achievement in this field that made the US
Food and Drug Administration (FDA) approve
tamoxifen for primary prevention of breast cancer in
healthy high-risk women (40-50% reduction of in-
cidence) [47]. Waiting for approval is finasteride
with strong supportive evidence for its protective ef-
fect against prostate cancer development [45].

Agents for Chemopreventionin
Barrett's Esophagus

The progression to cancer in patients with Barrett’s
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esophagus is thought to be driven by the reflux of
acid and bile, and the resulting mucosal damage is
accompanied by an inflammatory cell infiltrate. Pre-
cise molecular mechanisms responsible for the ma-
lignant transformation and the relative contribution
of specificinsults are still poorly understood. Despite
symptomatic improvement with PPI treatment the
majority of Barrett’s esophagus patients may not
achieve adequate acid control [48]. After a pulse but
not continuous exposure to acid in vitro, metaplastic
cells show an increase in proliferation and expres-
sion of cyclooxygenase-2 (COX-2) antiapoptotic
protein [49]. In Barrett’s mucosa exposed to acid
in vivo the activation of mitogen activated protein
kinase (MAPK) pathways is observed that transmit
growth-regulating signals to effector genes in the
nucleus [50]. The rise in COX-2-expression in Bar-
rett’s mucosa specimens was also seen in response to
bile acid exposure [49]. Bile acids are mostly toxic in
combination with acid but they are not likely to be
important as a single agent, as gastric surgery does
not increase EAC risk [51]. The acidified bile acid in
vitro upregulate the expression of oncogene c-mycin
esophageal cells [52]. The inflammatory infiltration
may contribute to DNA damage by generation of free
radicals and induction of cytokines and growth fac-
tors expression that are responsible for epithelial
proliferation, resistance to apoptosis, and cell migra-
tion [53,54]. It is speculated that the nuclear tran-
scription factor kappa B (NFxB) activation may have
a cancer promoting effect and provides an important
mechanism linking inflammation and numerous cy-
tokine abnormalities to esophageal carcinogenesis
[55,56]. Overall, this data suggests it is biologically
plausible that some pharmacological interventions
might have a chemopreventive effect for Barrett’s
esophagus. Since no preventive intervention in Bar-
rett’s esophagus is currently recommended to lower
the cancer risk until high-risk tissue abnormalities
develop, finding effective agents that stop this
process would be highly desirable.

Non-Steroidal Anti-Inflammatory Drugs
Chemopreventive Properties of NSAIDs
The chronic use of NSAIDs has been associated with
a decreased incidence of several types of gastroin-
testinal neoplasia including EAC. The strongest data,

coming from animal studies, human observational
studies, and also clinical trials in FAP patients and
populations with colorectal adenomas, concern
colorectal cancer.

The principal mechanism of action of NSAIDs is
the inhibition of both identified isoforms of cy-
clooxygenase (COX) that are rate-limiting enzymes
for the production of prostaglandins from arachi-
donic acid. COX-1 is constitutively expressed in the
majority of tissues; it regulates blood flow and
platelet function and also protects gastrointestinal
mucosa. COX-2 is normally found in the kidney and
brain but in other tissues its expression is inducible
and rises during inflammation, wound healing, and
neoplastic growth in response to inteleukins, cy-
tokines, hormones, growth factors, and tumor pro-
moters. COX-2 and derived prostaglandin E, (PGE2)
occur to be implicated in carcinogenesis because
they prolong the survival of abnormal cells that fa-
vors accumulation of genetic changes. They reduce
apoptosis and cell adhesion, increase cell prolifera-
tion, promote angiogenesis and invasion, and make
cancer cells resistant to the host immune response
[57].

NSAIDs vary in their abilities to inhibit COX-1 and
COX-2 at different concentrations and different tis-
sues, and coxibs selectively inhibit COX-2. The re-
centrofecoxib, and to a degree celecoxib, withdrawn
from the market due to promotion of thrombosis and
the increased incidence of coronary events during
long-term treatment, which seems to be a class ef-
fect, is likely to result in a greater interest in the clas-
sic NSAIDs chemopreventive role. NSAIDs work
mainly by restoration of apoptosis and inhibition of
angiogenesis. This had been mainly attributed to the
inhibition of COX but now a large body of evidence
exists that the chemopreventive activity of NSAIDs
depends also on COX-independent mechanisms.
Compounds that do not inhibit COX activity, such as
sulindac sulphone, also stimulate apoptosis in ex-
perimental settings. The chemopreventive effect of
aspirin was shown in COX-2-negative neoplastic
cells [58] and also in humans when a low dose of
81 mg was given that has an antiplatelet but not a
COX-2 inhibitory effect [59].

Aspirin promotes cell apoptosis through a number
of mechanisms including activation of p53 signaling



and inhibition of NFkB, MAPK, wnt signaling path-
way, and downregulation of antiapoptotic protein
Bcl-2 (Table 24.1). Inhibitory effects of aspirin on -
catenin signaling pathway are presented in Table
24.2. Activation of B-catenin signaling via enriching
its free cytosolic pool has been recently proposed as
one of the important mechanisms linking inflamma-
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tion and cancer. Once stabilized in the cytoplasm, -
catenin translocates into the nucleus and interacting
with T-cell factor (TCF) enhances transcription of va-
riety of genes involved in cell cycle regulation, adhe-
sion, and development, including c-myc, cyclin D and
COX-2 genes. The contributory role of aberrant -
catenin signaling has been documented in various

Table 24.1 Cyclooxygenase (COX)-dependent and COX-independent mechanisms of aspirin antineoplastic action.

Pathway Mechanism Refs
Inhibition of COX-2 and prostaglandin E, Induction of apoptosis [57]
Inhibition of proliferation and angiogenesis
Inhibition of wingless-type (Wnt) signaling and Inhibition of clonal epithelial cell proliferation [81]
B-catenin/T-cell transcription factor signaling
Activation of p53 Induction of apoptosis [82,83]
Reduction of Bcl-2 protein expression Induction of apoptosis [58,84]
Inhibition of nuclear transcription factor kappa B Inhibition of proliferation [85,86]
(NFxB) pathway
Mitogen-activated protein kinase (MAPK) Inhibition of NFxB activation and induction [87]
activation of apoptosis
Increase in mismatch repair proteins (MMR) Reduction of microsatellite instability and [88]
expression induction of apoptosis
Table 24.2 The documented effects of aspirin and related compounds on B-catenin signaling pathway.
Compound Effect Cells Refs
Aspirin Reduced cyclin D, expression SW948, SW480, HCT226, and [81]
LoVo colorectal cancer lines
Aspirin Increased phosphorylation and subsequent SW948 and SW480 colorectal [89]
degradation of B-catenin cancer lines
Reduced B-catenin-dependent TCF
transcriptional activity
NO-donating aspirin Disrupted nuclear B-catenin-TCF-4 SW480 colorectal cancer line [90]

association

Reduced B-catenin- dependent TCF-4

transcriptional activity
Reduced cyclin D, expression

Sodium salicylate

Increased degradation of B-catenin

HCT116 colorectal cancer line

(911

NO, nitric oxide.
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cancers development and abnormal cytoplasmatic
B-catenin distribution in Barrett’s esophagus has also
been shown [60].

COX-2 Expression in Barrett’s Esophagus
and EAC

COX-2 is expressed in the normal esophagus but its
expression was found to be significantly increased in
Barrett’s esophagus and even more in HGD and EAC
[49,61,62]. Some authors speculated that COX-2 ex-
pression might be of prognostic value in EAC as the
COX-2 immunoreactivity study in cancer tissues
showed that patients with high COX-2 expression
were more likely to develop distant metastases and
local recurrence and had significantly reduced sur-
vival rates when compared to those with low expres-
sion [63].

Epidemiological Data on NSAIDs and

EAC Incidence

In addition to physiologic and experimental data,
cumulative results of observational epidemiological
studies support attempts of chemoprotective inter-
vention with NSAIDs against EAC in patients at risk.
Based on two cohort and seven case control studies
containing 1813 esophageal cancer cases, a recent
meta-analysis performed by Corley et al. provided
the most conclusive retrospective data on the asso-
ciation of aspirin/NSAIDs use and esophageal cancer
[9]. It showed that both intermittent and frequent
medication usage was protective against adenocarci-
noma and squamous cell carcinoma. NSAIDs were
associated with 25% reduction in the odds of devel-
oping esophageal carcinoma with a borderline statis-
tical significance while aspirin was associated with
the significant 50% reduction. The highest level of
protection was seen in subjects with most frequent
aspirin/NSAIDs use. More recently a Canadian study
analyzed the association between NSAIDs or coxibs
use and the incidence of esophageal cancer in a co-
hort of 86 895 patients who underwent esophageal
imaging. The authors found that chronic intake of
selective COX-2 inhibitors was related to significant
reduction in the cancer risk but the effect of NSAIDs
was even stronger (OR 0.63 and 0.47, respectively)
[64]. These studies seem to further confirm the role

of COX-2 independent mechanisms in chemopre-
ventive effect of NSAIDs.

Clinical Studies with NSAIDs

Clinical data on NSAIDs role in EAC chemopreven-
tion from randomized trails are not yet available. A
short-term study with rofecoxib 25mg orally given
for 10 days was conducted in 12 Barrett’s esophagus
patients on PPI therapy. Biopsies obtained before the
treatment were compared with biopsies taken at the
completion of the study and rofecoxib decreased
COX-2 expression in Barrett’s esophagus by 77%,
PGE2 content by 59%, and PCNA (proliferating cell
nuclear antigen which is a marker of proliferation)
expression by 62.5% [65]. A randomized phase ITb
trial with celecoxib in patients with Barrett’s HGD or
LGD has been started [66]. The study’s primary ob-
jective is to evaluate the change in dysplasia occur-
rence after 12 months of celecoxib treatment in 200
patients.

Timing and Cost-Effectiveness of Aspirin

Chemoprevention in Barrett’s Esophagus

The optimal timing of chemoprevention is not
known. It seems logical that the earlier phase of
molecular transformation the intervention starts,
the greater effect might be expected. It is possible
that aspirin primarily prevents subjects from devel-
oping Barrett’s esophagus rather than preventing
Barrett’s metaplasia from progressing into cancer,
but in patients with a history of colorectal adenomas
the beneficial effect of aspirin against new adenomas
development was seen already after 2 years [59].
Barrett’s esophagus patients also have higher than
average incidence of ischaemic heart disease or car-
diacdeaths and thisitself provides a reason for which
aspirin prevention might decrease the overall mor-
tality in this group. A significant cardio protective ef-
fect of aspirin in primary prevention is observed
within the first few years of treatment [67]. These
considerations encourage intervening with aspirin
even in the older subgroup of Barrett’s esophagus
population. A recently published cost-effectiveness
analysis of aspirin chemoprevention for Barrett’s
esophagus was performed using modified Markov
decision model that presumed 50% reduction in the
incidence of EAC in aspirin users (325 mg/day) and



included known complications related to the
therapy. It showed that aspirin either in addition to
no therapy or to endoscopic surveillance is a domi-
nant strategy. The aspirin therapy was more effective
and less costly than no therapy. Additional analyses
on the timing of prevention with aspirin revealed
that aspirin alone was better than no therapy at all
ages. The analysis did not include additional poten-
tial benefits of aspirin usage regarding cardiovascular
system and chemoprevention of other cancers [68].

Proton Pump Inhibitors

Data on the role of acid suppression with PPI therapy
in patients with Barrett’s esophagus are controver-
sial. Lansoprazole treatment for 6 months decreased
proliferation (PCNA) and increased differentiation
(villin expression) in Barrett’s esophagus biopsy
specimens [69], but prognostic value of those mark-
ers is unsure. The length of Barrett’s esophagus is an
independent cancer risk factor and the important
question is whether regression of Barrett’s epitheli-
um occurs in response to PPI therapy. Although in
some studies profound suppression of acid secretion
resulted in the appearance of squamous islands
within previous metaplastic area, that effect was not
consistently observed and complete regression is
rare [70,71]. Notably, there is no evidence that the
reduction of Barrett’s metaplasia length or surface
lowers the risk of EAC.

Two more recent retrospective studies in Barrett’s
esophagus patients addressed the influence of PPTon
hard endpoints, namely dysplasia incidence and
progression. In an Australian study 350 Barrett’s
esophagus patients were analyzed who underwent
endoscopic surveillance with median follow-up of
4-7 years. The patients in whom PPI therapy com-
menced 2 years or more after the diagnosis of Bar-
rett’s esophagus had five to six times the risk of LGD
was compared with patients who started PPI in the
first year. Similar results were seen for HGD and ade-
nocarcinoma [10]. Further evidence that PPImay re-
duce the risk of developing dysplasia in Barrett’s
esophagus comes from an American cohort [11]. A
retrospective analysis of data for 236 patients with
Barrett’s esophagus followed-up for 1170 patient-
years showed that 56 developed dysplasia (annual
incidence rate 4.7%) and 14 of them had HGD.
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Cumulative incidence of dysplasia was significantly
lower among patients who received PPI after Bar-
rett’s esophagus diagnosis than in those with no
therapy or H2RA treatment and the hazard ratio in
PPI users was 0.25. Similar findings were observed
when only cases with HGD were analyzed and, as in
the previous study, the longer duration of therapy
was associated with less frequent occurrence of
dysplasia.

The importance of the timing of acid suppressive
therapy was earlier shown in a study of Carlson et al.
who found that during acid suppression therapy pro-
gression in dysplasia and DNA ploidy status is more
likely in patients with initial 53 overexpression in
biopsies [72].

One of concerns related to PPI is the increase in
GERD and EAC incidence following the widespread
use of this drug class, but there is no evidence that
this coincidence reflects causality relation. PPI treat-
ment may induce marked hypergastrinemia and
gastrin has an important role in the regulation and
proliferation of epithelial cells in the GI tract. It has
been recently shown that gastrin induces COX-2 and
PGE2 expression and cell proliferation via the CCK2
receptor in Barrett’s mucosa [73,74]. The mitogenic
effect of gastrin was reversed by COX-2 inhibitor
suggesting that proliferation occurred as a result of
COX-2 induction. It was also found that Barrett’s ep-
ithelium expressed more amounts of endogenous
gastrin mRNA compared with other tissues, which
suggests an importance of autocrine or paracrine
way of gastrin signaling in this setting. Another
important downstream effect of CCK2 activation
is phosphorylation/activation of protein kinase
B (PKB/Akt) which is a potent antiapoptotic
factor. It was recently shown that gastrin activates
PKB/Akt in various esophageal cell lines. Thereby
it may reduce cell death in metaplastic Barrett’s
esophagus and promote malignant progression
[75].

Prospective randomized trails with PPI treatment
for Barrett’s esophagus are urgently needed to
verify retrospective clinical data and hypotheses
arisen from experimental studies. Summarized
rationale for NSAIDs/aspirin and PPIs use in
chemoprevention for Barrett’s esophagus is shown
in Table 24.3.
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Table 24.3 Summarized rationale for non-steroidal anti-inflammatory drugs (NSAIDs)/aspirin and proton pump in-

hibitors (PPIs) use in chemoprevention for Barrett’s esophagus.

Candidate agent NSAIDs

Aspirin PPIs

COX-2 inhibition

Decreased cell proliferation
Decreased angiogenesis

Increased apoptosis

Increased cell adhesion

Reduced development of esophageal

Effects of potential
anticancer properties

adenocarcinoma in animal models [92]

Clinical data Inverse association between aspirin/
NSAIDs intake and esophageal

adenocarcinoma:

Better protection with more frequent use
Significant effect of aspirin and borderline

of NSAIDs

Additional benefits

Gl toxicity

Increased risk of cardiovascular/
thromboembolicincidents in selective
NSAIDs users

Major concerns

Increased cell differentiation
and decreased proliferation
Decreased COX-2 expression
Reduced bile exposure

Reduced cell proliferation in
Barrett's esophagus

Partial regression of
metaplastic epitheliumin
Barrett's esophagus*
Reduced dysplasia occurrence
in Barrett’s esophagus

Possible protection
against numerous
other malignancies
Reduced
cardiovascular
disease incidence
and mortality

GERD symptoms control

Rise in EACincidence parallel
to PPIsintroduction
Potential procancerogenic
activity of gastrin increased
increased in response to acid
suppression

Gl toxicityt
Aspirin resistance

* This effect was not consistently found in all studies.

t Cost-effectiveness in Barrett's esophagus population shown in a decision model analysis.
COX-2, cyclooxygenase-2; EAC, esophageal adenocarcinoma; Gl, gastrointestinal.

Other Potential Chemopreventive Agents
for Use in Barrett’s Esophagus
Epidemiological and clinical data suggest that the
other potential chemopreventive agents for use in
EAC may include other acid suppression agents
(antacids, H2RAs), bile-reducing agents, some
nutrients (vitamins A-E, folic acid), and also general
dietary manipulations like vegetables and fruits-rich
low-calorie low-fat diets) [76].

Four nutrient combinations: retinol and zinc; ri-
boflavin and niacin; vitamin C and molybdenum;

and B-carotene, o-tocopherol, and selenium were
evaluated in two randomized nutrition intervention
trials conducted in Linxian in China. This region has
some of the world’s highest rates of esophageal and
stomach cancer and a population with chronic defi-
ciency of several nutrients. One of these four combi-
nations was given to 29 584 adults for 5.25 years and
small but significant reductions in total (relative risk
[RR] = 0.91) and cancer (RR = 0.87) mortality was
observed in subjects receiving B-carotene, o-
tocopherol, and selenium but not the other



nutrients. The second trial provided daily multiple
vitamin and mineral supplementation or placebo to
3318 persons with esophageal dysplasia. After 6
years insignificant reductions in total and cancer
mortality were observed [77].

Current studies focus on a strictly pharmacologic
approach to the problem of carcinogenesis and its
prevention. One of the numerous enzymes upregu-
lated in esophageal carcinogenesis is inducible nitric
oxide synthase (iNOS) thatis thought to be involved
in the p53 mutation process [61]. The expression of
iNOS and nitrate scavenger thioproline that neu-
tralises reactive nitrogen species (RNS) was recently
evaluated in rats with gastroduodenal reflux. Ani-
mals belonging to the control group (n = 18) were
given normal diet and the intervention group of 13
rats was administered food with 0.5% thioproline.
EAC developed in seven rats in the control group but
in none in the therapeutic group. The authors sug-
gest that iNOS overexpression and RNS as nitric
oxide play an important role in the development of
EAC [78]. Another agent of potentially chemopre-
ventive properties evaluated in EAC cell lines in-
clude telomerase inhibitor [79] and leukotriene B,
inhibitor bestatin that interferes with abnormal
arachidonic acid metabolism [80]. Ongoing molecu-
lar studies continue to provide new putative targets
for specific pharmacologic interventions such as
MAPK, NFxB and PPARY (peroxisome proliferator-
activated receptor gamma) (Fig. 24.2).

Putative agents

a-tocopherol, B-carotene,

selenium

Fig. 24.2 Target mechanisms for
chemoprevention in Barrett’s esopha-
gusidentified in molecular studies and
putative agents. iNOS, inducible nitric
oxide synthase; MAPK, mitogen acti-
vated protein kinase; NFkB, nuclear
transcription factor kappa B; NSAIDs,
non-steroidal anti-inflammatory drugs;
PPA, piperidino-propionamido-
anthracenedione; PPARY,

peroxisome proliferator-activated
receptor gamma.

Resveratrol

Thiazolidinediones

Nitric oxide (NO)-donating aspirin

Proton pump inhibitors

Aspirin, NSAIDs, zileuton, bestatin ~ Arachidonic acid

Selective MAPK inhibitors

PPA and other selective inhibitors

Docosahexaenoic acid, thioproline iNOS inhibition
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ASPECT Study

The ASPECT study, a phase IIIb, randomized study
of Aspirin and Esomeprazole Chemoprevention in
Barrett’s metaplasia, started in April 2004 in the UK.
Itis organized by the National Cancer Research Insti-
tute (NCRI) and funded mainly by Cancer Research
UK. This is anational, multicenter, randomized, con-
trolled 2 x 2 factorial trial of low- or high-dose
esomeprazole with or without low-dose aspirin
for 8 years. The expected number of subjects is
5000-9000. Patients receive either continuous PPI
20mg/day or continuous PPI 80mg/day with or
without aspirin 300mg/day (Table 24.4). It is aimed
to study if intervention with aspirin can result in a
decreased mortality or conversion rate from Barrett’s
metaplasia to adenocarcinoma or HGD and if high-
dose PPItherapy can decrease the cancerrisk further.
Secondary objectives are identification of clinical
and molecular risk factors than can be identified in
Barrett’s metaplasia for the development of Barrett’s
adenocarcinoma and the evaluation of cost-
effectiveness of aspirin and/or PPI treatment in
the prevention of Barrett’s adenocarcinoma. The
population studied are men between 40-75 years
with circumferential at least 2 cm above the gastroe-
sophageal junction (histologically proven by intesti-
nal metaplasia be at least one sample).

Patients will be endoscoped at baseline and there-
after at 2-yearly intervals. Each time any macro-

Main effect

N

—

Target mechanism

Oxidative damage
inhibition

Nitric oxide pathway
inhibition Anti-inflammatory
NFxB pathway
inhibition

Acid inhibition

’

metabolism inhibition

MAPK inhibition
«——— Anti-proliferative

Telomerase inhibition /

PPARYy agonism -

Proapoptotic
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Table 24.4 The ASPECT (ASpirin Esomeprazole Chemoprevention Trial) study design summary.

Arm A: 20 mg PPI
Symptomatic treatment only =standard therapy
control ARM

Arm C: 20 mg PPI
Symptomatic treatment and low-dose aspirin ARM

Low-dose PPI (A +C)

Arm B: 80 mg PPI

No aspirin (A+B)

Strong acid suppression ARM

Arm D: 80 mg PPI

Aspirin (C+D)

Strong acid suppression and low-dose
aspirin ARM

High-dose PPI (B + D)

PPI, proton pump inhibitor.

scopic abnormality of the Barrett’s metaplasia will be
biopsied and systematic quadrantic biopsies taken
using from the lower, middle, and upper levels of the
Barrett’s zone for formalin fixation and histological
assessment for dysplasia. DNA and RNA will be ex-
tracted for single nucleotide polymorphism (SNP)
analysis and micro-array analysis. Every 2 years
blood samples will also be taken for cardiovascular
risk factors and the remainder stored for analysis of
circulating genetic mutations as and when reliable
assays become available. Questionnaires dealing
with demographics, family history, drug history,
smoking, cardiac disease, alcohol, diet, and quality-
of-life measures will be also assessed at 2-yearly in-
tervals such as ASPECT now recruiting.

Conclusion

Neither the existing endoscopic strategies, including
surveillance and mucosal ablation, nor antireflux
surgery have proved to reduce mortality from EAC.
Therefore, alternative interventions are needed and
chemoprevention appears to be a promising approach
that requires evaluation in a randomized, controlled
fashion. There is little data to justify dietary interven-
tions in large randomized controlled trials such as
ASPECT now recruiting.

The challenging task for future studies is to better
identify cohorts of Barrett’s esophagus patients with
the highest risk, find most precise phenotypic and
genotypic surrogate endpoints and new targets of
drug activity for development of new potential
chemopreventive agents. Probably combinatory
chemoprevention would be most promising with
agents of different mechanisms of action that may
have synergistic or additive effects.
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Introduction

Barrett’s esophagus is a condition in which the nor-
mal squamous lining of the distal esophagus has
been replaced by columnar epithelium with intesti-
nal metaplasia. Barrett’s esophagus is considered to
be a premalignant condition that predisposes to
esophageal adenocarcinoma [1]. Malignant degen-
eration of Barrett’s esophagus is thought to be a
multistep process in which intestinal metaplasia
progresses through low-grade and high-grade dys-
plasia into intramucosal and invasive carcinoma
[2,3]. Endoscopic surveillance with random biopsies
is currently the monitoring technique of choice in
patients with Barrett’s esophagus. Endoscopic sur-
veillance aims at identifying patients with early and
curable malignancy [4]. Whereas most centers rec-
ommend treatment in patients with histologically
manifest early cancer, there is much controversy
regarding the management of high-grade intraep-
ithelial neoplasia (HGIN). In these patients, manage-
ment alternatives include endoscopic follow-up,
application of endoscopic treatment modalities such
as endoscopic mucosal resection (EMR) and/or pho-
todynamic therapy (PDT), or surgical resection
[5=7]. In this chapter we will discuss the manage-
ment options in HGIN. Up-to-date reviews on the
different managementalternatives are given in sepa-
rate chapters in this book; therefore, we will discuss
the different approaches from a patient’s care per-
spective without describing the underlying studies in
too much detail.

Since the diagnosis of HGIN in Barrett’s esophagus
is not a straightforward task, we will first discuss the
controversies regarding making the histological diag-
nosis, followed by discussing the importance of en-
doscopic imaging for making the clinical diagnosis of
HGIN. We will then discuss the pros and cons of the
different management options and give practical ad-
vice concerning their optimal use.

Histological Diagnosis of HGIN

Histological Diagnosis of Dysplasia:

“East versus West"”

Histopathological diagnosis is of paramount impor-
tance for clinical decision making in the evaluation
of patients with Barrett’s esophagus. The presence
and the degree of dysplasia determine whether treat-
ment or follow-up will be advised. The histological
diagnosis by itself is not without controversies. Clas-
sically, there have been major differences between
the Western and Eastern histological classification of
gastrointestinal epithelial neoplasia, including those
of the esophagus [8]. For Eastern pathologists the
focus lies more on cellular and nuclear characteris-
tics, whereas their Western colleagues pay more
attention to the coherence of the histological
architecture. Lesions, which would be high-grade
dysplasia according to the conventional European
classification, will often be diagnosed as carcinoma
by Japanese pathologists. Schlemper et al. have re-
viewed these differences together with the results of
international consensus meetings in Padova and
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Diagnosis

Clinical management

Table 25.1 Histological categories
with corresponding clinical

1 Negative for neoplasia
2 Indefinite for neoplasia
3 Non-invasive low-grade neoplasia
4 Non-invasive high-grade neoplasia
4.1 High-grade dysplasia
4.2 Non-invasive carcinoma (CIS)
4.3 Suspicious for invasive carcinoma
5 Invasive carcinoma
5.1 Intramucosal carcinoma
5.2 Submucosal carcinoma and beyond

Follow-up

Optional follow-up

management in the revised Vienna
classification for gastrointestinal (GI)
epithelial neoplasias.

Endoscopic resection or follow-up

Endoscopic or surgical resection
Surgical resection

CIS, carcinoma in situ.

Vienna, where attempts were made to reach a com-
mon worldwide classification system and terminolo-
gy for gastrointestinal epithelial neoplasia [8]. The
so-called “revised Vienna classification” led to the
highest agreement and lowest interobserver vari-
ability. This classification not only reduces inter and
intraobserver variability but also produces categories
that are clinically meaningful and useful in terms of
natural history and clinical management [9] (Table
25.1). It is important to note that in the aforemen-
tioned consensus meetings mainly squamous lesions
were used and that few Barrett’s lesions were
included.

In the year 2000, the World Health Organization
(WHO) classification recommended not to use the
term “dysplasia” anymore since this term carries
different meanings in different countries [10]. In the
revised Vienna classification the term dysplasia is
therefore not used and, according to the WHO ad-
vice, the term “high-grade intraepithelial neoplasia”
(HGIN) replaces the diagnoses high-grade dysplasia
and carcinoma in situ.

Histological Diagnosis of HGIN: Questions
Concerning the Interpretation of the
Histological Findings

One of the limitations of surveillance of Barrett’s
esophagusis the interobserver variation in the histo-
logical diagnosis of biopsies. Studies have shown that
this is most pronounced for the categories indefinite
for dysplasia and low-grade intraepithelial neoplasia

(LGIN) and less for HGIN [11]. When faced with the
histological diagnosis of HGIN in biopsies obtained at
a surveillance endoscopy, the clinician should ask
him or herself (and the pathologist!) the following
questions concerning the interpretation of the histo-
logical findings:

1 How extensive are the histological abnormalities?
Istheir presence restricted to just a limited number of
cryptsin asingle biopsy;i.e. “focal HGIN,” [12] or can
theybe shown in multiple biospies obtained at differ-
ent levels in the Barrett’s segment? Extensive HGIN
at multiple levels may be more relevant than focal
HGIN from a prognostic standpoint but may also in-
crease the credibility of the histological findings.

2 What was the worst prior histological diagnosis in
this patient? If the patient has been diagnosed with
LGIN at earlier surveillance endoscopies, a diagnosis
of HGIN may be a less surprising finding than when
the patient has had multiple endoscopies showing
no evidence of dysplasia [13].

3 Were the neoplastic abnormalities accompanied
with extensive inflammatory changes or did they
occur against the “normal” background of mild
chronic inflammation? This holds especially for
biopsies obtained at the squamocolumnar junction
where reactive inflammatory changes are most
prominent. For dubious cases additional immuno-
histochemical (IHC) staining may be useful. For
instance, the presence of positive Ki67-staining
(marking the proliferation in the epithelium) in the
upper part of the villi is suggestive of neoplastic



changes whereas in reactive changes the prolifera-
tive compartment remains restricted to the crypts. In
addition, the presence of positive p53 staining may
be considered an extra argument for the neoplastic
character of the abnormalities [14]. These tests
should be performed at experienced centers.

4 How experienced is the pathologist in diagnosing
early neoplasia in Barrett’s esophagus? Most pathol-
ogists will not encounter HGIN at a regular basis and
one may speculate that their interpretation may be
less reliable than those coming from units with a
high-case volume where biopsies are discussed in
multidisciplinary meetings. Montgomery et al. found
only a moderate and fair interobserver reproducibil-
ity for HGIN and LGIN, respectively, when a group of
12 pathologists independently reviewed a set of 125
slides with Barrett’s pathology [11]. The correspond-
ing kappa values were 0.40 and 0.23 for HGIN and
LGIN, respectively. Skacel et al. found a higher risk of
progression to HGIN or adenocarcinoma when there
was a consensus between at least two pathologists on
the diagnosis of LGIN [13] and one may speculate
that the same will hold for diagnosing HGIN. We
therefore recommend review of biopsies by a gas-
trointestinal pathologist with experience in this field
before deciding on the management of patients with
HGIN [15].

Clinical Diagnosis of HGIN

Quality of the Endoscopic Work-Up

In addition to the uncertainty and the controversies
in the histological diagnosis of HGIN in Barrett’s esoph-
agus, the quality of the endoscopic procedure during
which biopsies were taken also plays a substantial
part in the accuracy of the diagnosis. Important as-
pects include the endoscopic appearance of the Bar-
rett’s segment, the experience of the endoscopist, the
quality and type of endoscopic equipment, and the
biopsy protocol employed.

When faced with a histological diagnosis of HGIN
in biopsies obtained from a Barrett’s esophagus, the
clinician should ask the following questions con-
cerning the quality of the endoscopic work-up:

1 Were the biopsies with HGIN obtained from visible
abnormalities (i.e. targeted biopsies) or were no sus-
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picious lesions seen? The relevance of this is best il-
lustrated by an example: Plate 25.1a-d (color plate
section falls between pp. 148-9) shows an endoscop-
icimage of a Barrett’s carcinoma. This patient was re-
ferred for endosonographic staging of this lesion. At
the referring hospital, a diagnosis of HGIN was made
after three biopsies were obtained from the lesion
for histological analysis. The patient underwent
esophagectomy and the surgical specimen showed a
moderately differentiated adenocarcinoma with in-
vasion of the muscularis propria, and three of 14 pos-
itive lymph nodes. Although this patient had a
preoperative histological diagnosis of HGIN, he was
operated under the c/inical diagnosis of esophageal
cancer based on the endoscopicaspect of his Barrett’s
segment. The combination of the histological diag-
nosis of HGIN and the presence of visible abnormali-
ties at endoscopy strengthens the likelihood that the
patient has a true neoplastic lesion and should make
the clinician aware that the histological diagnosis
of HGIN may in fact underestimate the correct
diagnosis.

2 Were there signs of active reflux esophagitis or in-
flammatory changes within the Barrett’s segment
(Plate 25.2a,b; color plate section falls between pp.
148-9)? Under these circumstances the clinician
should be aware that the histological diagnosis of
HGIN may be an overestimation of the patient’s true
condition, since microscopically, inflammatory, and
reactive changes may resemble neoplastic transfor-
mation. Most guidelines, therefore, advise against
biopsies in the presence of reflux esophagitis and to
repeat the endoscopy after the patient has been
treated with acid suppressive therapy for 6-8 weeks
[1]. Such apolicy may be too conservative in patients
who endoscopically only show minor reflux changes
(e.g. grade A or B reflux esophagitis according to the
Los Angeles (LA) classification) but stresses the im-
portance of correlating the diagnosis of intraepithe-
lial neo-plasia with endoscopic and/or histological
signs of inflammation.

3 In the absence of visible abnormalities at en-
doscopy: Who performed the procedure and with
what equipment? Is it possible that a more advanced
lesion was overlooked? HGIN and early cancer in
Barrett’s esophagus may be difficult to detect during
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routine endoscopy. Most endoscopists will not en-
counter these lesions on a regular basis and their de-
tection rate may be less than that of endoscopists
working at high-volume centers. Apart from the ex-
perience of the endoscopist, the endoscopic equip-
ment is also important in this respect. Fiber-optic
endoscopes provide inferior quality images of the
Barrett’smucosa and should notbe used in the work-
up of patients with HGIN (Plate 25.3a,b; color plate
section falls between pp. 148-9). High-resolution
endoscopes with high-quality CCD-chips (>850000
pixels) and a variable focal distance are now
commercially available. These devices allow endo-
scopists to magnify parts of the mucosa optically, i.e.
by means of an adjustable focal distance. The image
quality of these endoscopes is clearly superior to that
of standard video- and fiber-optic endoscopes (see
Plate 25.3a,b; color plate section falls between pp.
148-9). Recent studies have shown that the vast ma-
jority of early neoplastic lesions in Barrett’s esopha-
gus can be detected with high-resolution endoscopy
only, and this technique should be considered the
imaging technique of choice in the surveillance of
Barrett’s patients [16,17].

4 Wasthe Barrett’'s segment carefully inspected, and
were random biopsies obtained? Many early neo-
plasticlesions in Barrett’s esophagus occur at the dis-
tal end of the Barrett’s segment, where they can be
easily overlooked if inspection is performed with the
endoscope only in the antegrade position. Adequate
imaging of a Barrett’s esophagus, therefore, also
requires an inspection in the retroflexed position
(Plate 25.4; color plate section falls between pp.
148-9). The endoscopist should carefully withdraw
the retroflexed instrumentinto the hiatal hernia and
inspect the distal portion of the Barrett’s segment
while inflating air.

The current ACG guidelines recommend that in
the absence of visible abnormalities four-quadrant
random biopsies be obtained every 2 cm of the Bar-
rett’s segment, starting at the upper end of the gastric
folds [18]. Studies, however, suggest that in daily
practice alower number of biopsies are obtained, re-
sulting in sampling error and thus underestimation
of the patient’s true condition. Furthermore, data
from Reid et al. indicate that the four-quadrant 2 cm
biopsy protocol may not be sensitive enough to de-

tectinvasive cancerin patients with HGIN: the detec-
tion of invasive cancer was increased by 50% when
random biopsies were obtained every centimeter of
Barrett’s mucosa [19].

HGIN: a Clinical Diagnosis
In our opinion, for the clinical diagnosis HGIN, the
following should be considered: (i) a prior histol-
ogical diagnosis of HGIN; (ii) review of biopsies by
an independent expert pathologist; (iii) repeat
endoscopicimaging in a specialized center; (iv) using
a 1-cm four-quadrant biopsy protocol for sampling;
and (v) absence of endoscopic lesions suspicious for
malignancy.

The importance of a strict definition of the clinical
diagnosis HGIN is best illustrated by discussing the
risk of synchronous cancers in patients with HGIN.

Risk of Synchronous Cancers in HGIN

In the literature there are many series that describe
the existence of cancerin Barrett’s segments resected
with the preoperative histological diagnosis of HGIN
[20-40]. In a meta-analysis by Collard et al. the per-
centage of “missed carcinomas” in these studies
varied between 11% and 73% [41]. These striking
figures raise the important question: how adequate
was the preoperative work-up in these patients? Was
the preoperative histological and endoscopic work-
up adequately performed to support the presump-
tive clinical diagnosis of HGIN? One may argue that, if
the histological HGIN by itself is considered sufficient
to justify surgical resection (as it was in most centers
in the recent past) it is irrelevant to diagnose a carci-
noma preoperatively, since this would not alter the
indication for esophagectomy (see Plate 25.1a—d;
color plate section falls between pp. 148-9). How-
ever, some investigators use the rate of carcinomas
found in specimens resected for “HGIN” as an argu-
ment to recommend surgical resection in all patients
with HGIN and to discourage endoscopic follow-up
and/or treatment [41]. The data from these studies
should be carefully interpreted when deciding on
the current management of patients with HGIN. We
have evaluated the preoperative work-upin 21 stud-
ies published in the English literature that reported
variable percentages of adenocarcinoma in patients
who underwent esophagectomy under the pre-



sumptive diagnosis of HGIN in Barrett’s esophagus
[20]. Most studies were performed in an era when
mainly fiber-optic endoscopes were used and
no study used repeat endoscopy, high-resolution
endoscopy, chromoendoscopy, EMR, or other ad-
vanced imaging techniques for diagnosis. Some
studies had described endoscopic abnormalities, but
in spite of that the endoscopy was not repeated be-
fore proceeding to surgery, and it was not reported
whether the presence of endoscopic abnormalities
were associated with carcinoma in the resected spec-
imen. Moreover, many studies did not describe the
biopsy protocol, which makes it difficult to estimate
the chance of their results being atfected by sampling
error. Finally, in several studies there was no review
of the histological diagnosis by an expert gastroin-
testinal pathologist, which is essential for making the
diagnosis HGIN. This means that for virtually none of
these studies, the aforementioned requirements for
the clinical diagnosis of HGIN were met.

Management of HGIN

Endoscopic Surveillance

Few studies have reported the results of endoscopic
follow-up for HGIN in Barrett’s esophagus. The aim
of endoscopic follow-up is careful continued surveil-
lance of patients with HGIN; esophageal resection
being reserved only for patients who progress to in-
vasive cancer. Table 25.2 shows a summary of these
studies [5,12,18,42]. Weston et al. surveyed patients
with unifocal HGIN (defined as HGIN found in a sin-
gle Barrett’s mucosal segment or biopsy specimen)
[42]. Four out of 15 patients (27%) progressed to
adenocarcinoma during a follow-up duration of
17-35 months. Reid et al. reported that a 4-quadrant
1-cm interval biopsy protocol was superior to the
widely used 2-cm interval protocol [19]. During a
mean follow-up of 23 months in 110 patients with
HGIN they diagnosed 32 cases of cancer (29%). They
calculated that a 2 cm protocol would have missed
50% of these cancers. Buttar et al. investigated the
correlation between the extent of HGIN and progres-
sion to adenocarcinoma [12]. Four of 24 patients
(17%) with focal HGIN (defined as HGIN in <5 crypts
in a single biopsy) developed cancer during follow-
up (median duration 36.6 months). In the same
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