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INTRODUCTION

Barrett’s oesophagus or columnar lined oesophagus is among the most intriguing of
gastroenterological conditions. This is because of its pathogenesis, prevalence, association with
reflux disease, male sex and, in particular, the potential for neoplastic degeneration to
adenocarcinoma. The current and dramatic rise in the incidence of oesophageal adenocarcinoma
is centred on the UK (5-8.7/100 000), over double that of the USA (3.7/100 0000). This epidemic
is fairly localised and is not evident in Asia, where squamous cell cancer remains the predominant
oesophageal malignancy. Large rises in incidence, up to 30% per year, have been seen in West
European White men, a rise not mirrored in Eastern Europe.' *

At present the incidence remains paralleled by mortality. The prognosis of oesophageal cancer
remains universally poor; median survival has hardly changed from 0.75 years between 1973 and
1977 to 0.9 years between 1993 and 1999. This almost trivial change has led some to suggest that
the change could be accounted for by improved reporting and detection bias rather than any
important therapeutic advance.’

Gradual malignant degeneration within a segment of Barrett’s oesophagus occurs in a
probabilistic rather than in a deterministic manner. Barrett’s appears to be a necessary
intermediary step. The relatively long time sequence to cancer may allow early intervention with
endoscopic ablation, thus offering the possibility of preventing the lethal development of
symptomatic oesophageal adenocarcinoma. Stark choices face patient and clinician in the
presence of a degenerating “‘possibly”” premalignant Barrett’s mucosa. Radical therapy offers an
overaggressive, “possibly”” flawed approach if the diagnosis and prognosis remain uncertain. It
cannot be considered a triumph to have a millimetre of worrying but superficial disease and
remove a whole oesophagus. The alternative of surveillance presents other concerns. It offers
intermittent endoscopic inspection at proscribed, economically viable, and societal designated
intervals, and awaits the development of cancer; then offers a belated and radical solution.* Early
endoscopic detection and therapy offers a possible ““‘middle way”. This is particularly appropriate
since the diagnostic dilemmas create doubt and indecision.

DIAGNOSTIC DILEMMAS
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Accurate and full diagnosis depends on both pathological and endoscopic correlation.” The
current definition of Barrett’s oesophagus is as a change in the oesophagus epithelium of any
length that can be recognised at endoscopy and is confirmed to have intestinal metaplasia by
biopsy of the tubular oesophagus and excludes intestinal metaplasia of the cardia. This statement
appears simple but its correct application is not straightforward. It would seem self evident that
the lower oesophagus can be accurately demarcated; however, this is not the case. Unfortunately,
at endoscopic examination its precise boundaries can be easily mistaken.® The distinction of the
oesophagus, hiatal hernia, and gastric cardia is often difficult. Similarly, there is a major
conundrum for pathologists as there is no characteristic morphological phenotype. Standard
teaching is that the gastric cardia is lined by columnar cardiac or junctional epithelium but
pathologists are not uniform in their definitions. This epithelium can extend into the oesophagus
but is this normal or a variant of Barrett’s oesophagus. They can only have confidence that the
biopsy is from the oesophagus if an oesophageal gland duct is included.”

Much effort and debate is devoted to trying to identify the mechanisms that occur during
metaplasia-dysplasia-neoplasia degeneration.®* The presence of dysplasia remains the best
predictor for malignant degeneration, but can this be identified with certainty? The pathological
definition of dysplasia is as ““an unequivocal neoplastic alteration of the gastrointestinal
epithelium which has the potential to progress to invasive malignancy that remains confined
within the basement membrane of the gland within which it arose”. There is general agreement
on the classification of neoplastic change in the gastrointestinal mucosa. The system has five
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categories; negative for dysplasia, indefinite for dysplasia,
low grade dysplasia, high grade dysplasia, and invasive
carcinoma.”" Inter- and intraobserver studies have demon-
strated that pathologists can demonstrate acceptable levels of
agreement for the two major comparative groups of high
grade dysplasia combined with carcinoma, against negative
for dysplasia combined with indefinite and low grade
dysplasia (kappa values of 0.8). However, the division into
the four groups of negative for dysplasia; combined indefinite
for dysplasia and low grade dysplasia; high grade dysplasia;
and carcinoma has revealed that there are poorer levels of
agreement (intraobserver kappa values of 0.64, interobserver
kappa values of 0.43)."” In 22 patients with indefinite for
dysplasia, four progressed to invasive cancer (median
progression free survival was 62 months). Similarly, of 25
patients with low grade dysplasia, four progressed (median
progression free survival was 60 months). However, of 33
patients with high grade dysplasia, 20 progressed to cancer
(median progression free survival eight months)." There is a
confounding study in which the progression of high grade
dysplasia to cancer was far less aggressive. The cumulative
cancer incidence over five years was only 9%, with only 12 of
75 (16%) patients developing cancer over 13.9 years of
surveillance. This study adopted a very aggressive approach
to the diagnosis of synchronous cancer with endoscopic
biopsy every three months in the first year before the patient
was categorised as having pure high grade dysplasia.”” These
studies create a ubiquitous postmodern dilemma “we can
only be certain of our uncertainty”. In such a climate there is
a clear rationale for the “middle way” of endoscopic therapy.

RATIONALE OF ENDOSCOPIC THERAPY

Even if the finding of high grade dysplasia remains a
debateable indicator for radical intervention, surely a major
watershed must occur with the diagnosis of intramucosal
cancer. It is at this point that intervention with possible
major resection may be considered inevitable. The crucial
separation of high grade dysplasia from intramucosal cancer
depends on penetration of neoplastic cells through the
basement membrane to lie in the lamina propria or
muscularis mucosa. Even at this stage interobserver agree-
ment between all pathologists and specific gastrointestinal
pathologists for high grade dysplasia and intramucosal
carcinoma is only fair (kappa values of 0.42 and 0.56,
respectively). Unfortunately, this was not seen to improve
following repeat evaluation after agreement on uniform
histological criteria (kappa values of 0.50 and 0.61, respec-
tively).'® This study was performed under the ideal circum-
stances of histological slides from resected oesophageal
specimens. Fortunately, submucosal cancer, defined as
neoplastic cells penetrating into the submucosa and penetra-
tion beyond the muscularis mucosa, was clearly distinguish-
able from high grade dysplasia (kappa value of 1), but was
less clearly differentiated from intramucosal cancer (kappa
value of 0.71). These data have profound implications for
patients undergoing endoscopic surveillance when the
number of biopsies are often collected in a hurried fashion,
and are small and difficult to orientate correctly."”

Some will argue that a diagnosis of high grade dysplasia
should still be the end point of surveillance and the patient
offered definitive radical therapy. This is usually surgical
excision, if the patient is considered fit. This view is justified
not only as a prophylactic measure but also because
approximately 30% of these patients will have a coexistent
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cancer, which is only identified after surgical excision.'” '

Data on these initially “occult” post resection detected
cancers in patients with high grade dysplasia are so variable
(11-73%) that questions as to intensity of preoperative
workup and intensity of sampling are raised. A clinician
already committed to oesophagectomy at the diagnosis of
high grade dysplasia may suspend the search for an invasive
cancer. If studies are looked at in a more sophisticated
fashion an argument for aggressive initial and repeated
frequent biopsy follow up can be convincingly made.” "

There are a few clinical longitudinal studies that give some
further indication of the time sequences involved in the
progression or non-progression of high grade dysplasia.
Variability is large, with some patients progressing rapidly
to invasive cancer and others remaining with persistent
dysplasia for prolonged periods. Currently, studies indicate
that the average time for progression from high grade
dysplasia to cancer is approximately 24 months (range
6-43 months).*”* The extent of dysplasia does correlate with
the risk of development of cancer. Patients with multifocal
disease are five times more likely to progress to cancer than
those with focal changes.”!

PRINCIPLES AND METHODS OF ENDSOCOPIC
ABLATION THERAPY
In order to set principles for safe endoscopic therapy, several
questions must be addressed. Three relate to the nature of the
disease and three to the nature of injury and healing.

The nature of the disease:
(1) What are the risks of metastatic disease in early
oesophageal adenocarcinoma?
(2) Should the treatment be to the area of dysplasia or of all
Barrett’s mucosa?
(3) What is the thickness of Barrett’s epithelium and the
depth for ablation?

The nature of injury and healing
(1) Can the method of destruction be safely matched to the
depth of disease?
(2) What are the conditions to allow for safe healing?
(3) Does the area heal without neoplastic potential?

The nature of the disease

The poor outcome of treatment of oesophageal adenocarci-
noma suggests that there may be an unavoidable biological
predeterminism, possibly related to early spread. Certainly
this appears to be so for invasive cancer (>pT1) as 90% of
patients have bone marrow micrometastatic disease.”” The
presence of these cells does predict early tumour recurrence.”
However, a surgical series examining early oesophageal
cancer clearly demonstrated that in 10 patients with pTla
lesions measuring 1-8 cm in longitudinal extent (mean
2.5 cm), there were no lymph nodes involved. However, of
36 patients with pT1b lesions invading the submucosa, five
had involved regional lymph nodes.”* Accurate staging prior
to ablation remains a challenge. This is being addressed by
“in vivo pathology”’ using optical coherence tomography
(fig 1). At present, high resolution endosonography has
proved unsatisfactory for the detection of early submucosal
infiltration, with sensitivities of 48% for ultrasound alone and
only 60% when combined with high resolution endoscopy.
The problem is much worse at the oesophagogastric
junction.” Thus there is a clear rationale for detection of
degeneration at the stage of dysplasia, or pTla mucosal
cancer, at which stage local therapy can cure. Once the
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Optical coherence tomography picture demonstrating the
thickness of the surface tissue in squamous and columnar lined excised
specimens. SE, squamous epithelium; LP, lamina propria; MM,
muscularis mucosa; SM, submucosa; BV, blood vessels; G, gland.
Measurement scale at the side is in millimetres (courtesy of Professor R
Wang, Cranfield University).

Figure 1

disease is invasive, therapy is too late; even radical therapy
may well be predetermined to failure.

Secondly, should the whole area be treated or just the area
of macroscopic or biopsy proven abnormality. In 41 patients
treated with oesophagectomy for early cancer, six had other
cancers and 28 had multifocal high grade dysplasia in the
Barrett’s segment (mean length 6 (1-15) cm).** Similarly, in
100 patients with dysplastic Barrett’s, 33 had focal disease
and 67 diffuse disease.”* Also, following endoscopic mucosal
resection, 14% developed recurrent or metachronous lesions
after 12 months of follow up.”® If focal areas are treated then
follow up must be rigorous and consideration should be given
to eradication of all residual Barrett’s oesophagus (fig 2).

Thirdly, it is important to know the thickness of Barrett’s
oesophagus in order to match the ablative technique with the
depth of disease. Columnar lined epithelium measured at
histopathogy is minimally thicker than normal squamous
epithelium, measuring 0.5 mm (range 0.39-0.59 mm) com-
pared with a normal value of 0.49 (range 0.42-0.58 mm).”” It
must be assumed that fixation produces 10% shrinkage with
a further 10% reduction caused by processing, producing a
shrinkage of 20%. Thus the mean thickness of Barrett's
epithelium is approximately 0.6 mm. Optical coherence
tomography (OCT) of excised unfixed specimens has
recorded a depth of between 0.45 and 0.5 mm (fig 2).*
Dysplasia and epithelial cancer are thicker and at OCT appear
more optically denser. This represents approximately 15% of
the thickness of the distal oesophageal wall, which is
approximately 4 mm, as measured by endoscopic ultra-
sound.”

The nature of injury and healing

Ablation therapy involves an acute mucosal injury, compared
with the chronic chemical damage produced by gastro-
oesophageal reflux disease. Methods of ablation are depen-
dent on photodynamic, thermal, mechanical (ultrasonic),
and cytotoxic destruction. It has to be stated that most of the

Invasive cancer

Figure 2 An excised oesophagus, resected for a small invasive
Barrett's adenocarcinoma. Areas of dysplasia and intramucosal cancer
were identified after excision.

Table 1  Estimated derth of damage for various methods
of endoscopic mucosal ablation
Approximate depth
Method of ablation of ablation (mm) Author/ref
Argon laser (514 nm) 0.3 Weston 2003%°
KTP laser (532 nm) 0.4 Dix 1996%
Diode laser (805 nm) 1.3 Dix 1996%
NdYAG laser (1064 nm) 4-6 Dix 1996>
APC (30-90 W) 1-3 Barham 1996,
Franchimont 2003*
MPEC 15-20 W 1.7-4.8 Sampliner 2003%
ALA PDT 2 Tan 1999,
Gossner 1990
Exogenous PDT 4-6 Barr 1990,
Heier 1995%
Cryotherapy 1-4 Johnston 2003*

KTP, potassium tik:lny| phosphate; NdYAG, neodymium yitrium
aluminium garnet; APC, argon beam plasma coagulation; MPEC,
multipolar electrocoagulation; ALA PDT, 5-aminolaevulinic acid
photodynamic therapy.

data on the development of techniques for mucosal ablation
of Barrett’s oesophagus have been empirical. The principles of
treatment are to destroy all the abnormal epithelium and
allow regeneration of the mucosa in an environment where
the precipitating cause (acid/alkaline/biliary reflux) has been
controlled. The constraints of treatment are that these
patients may be completely asymptomatic and often healthy.
Proton pump inhibitors are very effective for symptomatic
control. Also, only a proportion of patients with columnar
lined oesophagus will develop invasive carcinoma. Thus
“primum nil nocere” is a guiding principle. Any method that
causes substantial risks of perforation, bleeding, or serious
complications endangering the patient’s life are possibly
unacceptable. Less serious complications also may not be
acceptable to asymptomatic patients. The depth of injury
(table 1) and the mechanisms of healing are related in part to
the method of ablation.

METHODS OF ABLATION
Thermal

Multipolar electrocoagulation (MPEC) depends on the heat-
ing effect of a current passing between electrodes in contact
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with the tissue. Usually a 10F probe is used to produce a
surface white coagulum over the entire circumferential area
of Barrett’s oesophagus.’ It has been predominantly used for
non-dysplastic Barrett’s oesophagus. Strictures requiring
dilatation have occurred in less than 1% of patients.
Residual areas of Barrett’s occur in 8% (0-28%) and the
other complications of pain and fever are transient and mild.

Argon beam plasma coagulation (APC) transfers electrical
energy to the tissue by means of an ionised electrically
conducting plasma of argon gas, delivered at between 1 and
2 litres/minute. APC has certain theoretical safety advan-
tages. The current causing very high temperatures on the
surface produces a zone of devitalisation, surrounded by
zones of coagulation, desiccation, and tissue shrinkage.”'>* As
soon as the area on the surface loses electrical conductivity as
a result of this desiccation, the plasma beam has to change
direction in order to remain electrically conductive. Therefore,
the depth effect should be limited and full thickness necrosis
and perforation are unlikely to occur.’ However, five
perforations have been reported; two resolved with con-
servative medical therapy® and three had operations follow-
ing which two patients died.” ** Strictures are reported in
0-9% of patients and fever may also occur.

Photothermal

On theoretical grounds the potassium titanyl phosphate laser
(KTP, at the second harmonic of the neodymium yttrium
aluminium garnet (NdYAG) laser) has tissue penetration
characteristics that should allow safe thermal treatment of
dysplastic columnar lined oesophagus. Three lasers have been
directly compared for the thermal destruction of superficial
areas of mucosa in the oesophagus using a thermal imaging
system. The purpose was to find parameters of between 60
and 100°C (coagulative necrosis+vaporisation) on the luminal
(mucosal) surface with less than 37°C (no risk of full
thickness necrosis) on the external surface. The three lasers
investigated were NdYAG (1064 nm), KTP (532 nm), and
diode (805 nm).” Mounted sections of freshly excised
human oesophageal tissue were irradiated on a purpose
made jig. The imaging system examined the superficial and
deep surface, and looked at the thermal profile. It is certain
that in living tissue the thermal relaxation time of the tissue
will be reduced because of blood flow. Irradiation with the
KTP laser, power 15-20 W for a one second pulse, produced
mucosal temperatures of greater than 65°C with a tempera-
ture of 21°C on the outer surface of the oesophagus. It was
extremely difficult to generate high temperatures on the
external surface of the oesophagus using the KTP laser. The
diode laser (25 W for five seconds) produced surface
temperatures of 90°C but with external temperature of
38°C. The NAYAG laser tended to produce worrying tempera-
tures through to the external surface at energy levels that
were sufficient to produce thermal destruction to the mucosa.
The KTP laser is generally now used in non-contact mode and
set to deliver 15 W.

Cryotherapy and mechanical

Cryotherapy can very effectively destroy a specified volume of
tissue with minimal damage to surrounding areas. There are
endoscopic devices currently being evaluated.” Similarly,
laparoscopic ultrasonic epithelial ablation is being assessed
experimentally but at present requires gastrostomy.
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Photodynamic therapy

Photodynamic therapy (PDT) is based on systemic adminis-
tration of certain photosensitising agents that are retained
with some selectively in rapidly proliferating and malignant
tissue. When exposed to appropriate wavelength laser light a
cytotoxic reaction mediated by reactive oxygen species
(singlet oxygen) occurs causing cellular destruction. One of
the attractions of PDT has been the possibility of targeting
therapy with selective uptake or retention of the adminis-
tered photosensitiser in the neoplastic tissue. However, the
maximum tumour:normal photosensitiser ratio that can be
obtained with a variety of photosensitising agents is only
2-3:1. Investigation of PDT in experimental gastrointestinal
neoplasms has demonstrated important biological advan-
tages. Full thickness intestinal damage produced by PDT
unlike thermal damage does not reduce the mechanical
strength of the bowel or cause perforation because sub-
mucosal collagen is preserved. In addition, selective necrosis
of small areas (less than 2 mm) is possible with preservation
of adjacent non-malignant structures. It is clear that this
process is limited to small areas of tissue.*

The most commonly used method of PDT is to administer a
photosensitiser intravenously and allow retention in the
tissue for 48 hours prior to irradiation with appropriate
wavelength light, usually from a laser. The exogenously
administered photosensitisers tend to accumulate in tumour
stroma and in the submucosal layer of the gastrointestinal
tract. The problem of targeting the photosensitiser to the
dysplastic mucosa, and reducing systemic photosensitisation,
may be overcome by using endogenous photosensitisation.
Following excess administration of 5-aminolaevulinic acid
(5-ALA), a precursor of haem, intracellular accumulation of
the photosensitiser protoporphyrin IX (PpIX) is induced.
Synthesis of 5-ALA from glycine and succinyl-CoA is the first
step in porphyrin biosynthesis and ultimately haem. This
pathway is tightly regulated by end product inhibition. If
excess endogenous 5-ALA is administered, then this regula-
tion is bypassed and intracellular accumulation of the
photosensitiser protoporphyrin IX (PpIX) is induced.” The

Figure 3 Endoscopic picture of an area of Barrett’'s oesophagus.
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Figure 4 The same area of Barrett's oesophagus six weeks after one
half has received photothermal ablation therapy with the KTP laser.

level of systemic and cutaneous photosensitisation is mini-
mised to a few hours. Other photosensitisers can cause skin
photosensitivity for up to one month, requiring the patient to
avoid direct sunlight or intense light sources. Also, 5-ALA can
be administered orally. The photosensitiser is activated in
tissue using 630 nm laser light from an appropriate light
source, such as a KTP pumped dye or diode laser. The choice
of photosensitiser is crucial to achieve the depth of necrosis
that is required. The use of an exogenous photosensitiser
such as Photofrin or any derivative of di-haematoporphyrin
ester/ether will produce damage up to 4-6 mm.*** PDT to
generate PpIX following oral administration of ALA will only
produce necrosis to a depth of 2 mm.* *' These measure-
ments are particularly crucial if one is concerned that
treatment may not destroy an occult cancer or where there
is nodularity and the suspicion of an invasive cancer either
clinically or following endoscopic ultrasound evaluation.

MECHANISMS OF HEALING
It is important to examine the mechanisms of regeneration
after acute ablation of the surface mucosa. In particular, we
must know what structures must be preserved to allow
neosquamous regeneration and the level of reflux control
that is required.

Conditions for safe healing are of crucial importance and
have been addressed in a series of experimental studies.” In a

canine model of gastro-oesophageal reflux, columnar lined
oesophagus could be induced and was thought to be
associated with regrowth from the proximal columnar lined
portion of the deep oesophageal glands. The columnar
epithelium was often continuous with the columnar lined
portions of these ducts. After full reflux control, an acute
injury to the oesophageal mucosa was still associated with
some regeneration by columnar cells, as well as squamous
islands from the distal squamous part of the oesophageal
gland ducts. It was postulated that stems cells, possibly in the
oesophageal gland duct, have multi-potentiality for cell
differentiation and could produce columnar or squamous
cells depending on environmental conditions. Thus the
adaptive response to injury under conditions of reflux was
to produce columnar epithelium as occurs in the generation
of Barrett’s oesophagus. Squamous re-epithelialisation could
be encouraged by full reflux control. Recent detailed human
morphological studies have confirmed that squamous regen-
eration is universally associated with oesophageal ducts.*”

There have been some studies of a rodent model of
Barrett’s-like oesophagus.* These suggest that the ductal
epithelium may not be so crucial as the rat does not have
deep oesophageal glands. It is therefore likely that the multi-
potential stem cells are not only located in the duct
epithelium but reside in the basal layer of the squamous
and regenerative columnar epithelium. It appears that the
depth of the mucosal injury may be crucial to the type of
regeneration.*” It has been suggested, but not established,
that for squamous cells to predominate, as well as environ-
mental control of reflux being essential, some part of the
distal squamous lined oesophageal gland duct must survive.
As this duct is the most superficial portion and thus the part
most likely to be destroyed by ablation techniques, the
empirical evidence does not support this hypothesis.
Certainly multi-potential stem cells must survive to regener-
ate the epithelium but at present the site and source of these
cells are unknown, and they may reside deeper in the
oesophageal duct. An intriguing study has shown that in a rat
model of Barrett’s oesophagus some of the epithelium is
replaced by cells from the bone marrow.* It is very important
that reflux control is adequate. Patients with long segments
of Barrett’s oesophagus ablated with APC therapy, and those
who have persistent acid and bile reflux ,are more prone to
recurrence after one year of follow up.*®

Endoscopic ablation: results

The method of ablation does not appear to be crucial to
overall outcome. The endoscopic appearance is often gratify-
ing (fig 3, 4). Tables 2 and 3 present the results of endoscopic
mucosal ablation.

oesophagus®'~*

Table 2  Photodynamic therapy of high grade dysplasia and early carcinoma in Barrett's

High grade dysplasia

Early adenocarcinoma

No of Eradication of  Follow up  No of Eradication of  Follow up
Phot ifiser  patient: dysplasia (%)  (months) patients cancer (%) (months)
Photofrin 181 77-100 12-46 56 41-83 15-32
mTHPC 4 100 27 58 74 2-48
ALA 15 100 1-44 37 77-100 9.9-36

mTHPC, m-tetrahydroxypheny! chlorine; ALA, 5-aminolaevulinic acid.
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32 47-49

Argon plasma coagulation 17 80-100
KTP laser 4 100
Nd YAG laser +MPEC 18 73

Table 3 Thermal and photothermal ablation of high grade dysplasia and early
carcinoma in Barrett's oesophagus

20 3
10 2 100 10
12 15 94 12

electrocoagulation.

KTP, potassium fitanyl phosphate; NdYAG, neodymium yttrium aluminium garnet; MPEC, multipolar

Histopathology

Endoscopic mucosal resection does allow the possibility of
assessment of the adequacy of resection, and formal
assessment of margins of excision, and the deep invasiveness
of the tumour. Mucosal ablation does not afford this
opportunity, depending on full assessment prior to destruc-
tion with ultrasound and, possibly in the future, with OCT. It
is important to assess in some detail the histopathological
outcomes. Appearances are similar irrespective of the method
of ablation. The most concerning feature following PDT and
thermal ablation is the finding of endoscopically unsuspected
glandular mucosa, both superficially and buried under the
neosquamous epithelium (fig 5). The implication of this is
that the end point of treatment is not a normal endoscopic
appearance. All of those patients treated endoscopically for
dysplasia or early cancer must receive lifelong biopsy
surveillance. In addition, some of these patients have
developed invasive cancer under the neosquamous epithe-
lium.** There are several patterns associated with neosqua-
mous regeneration.” First is the formation of squamous
islands associated with openings of oesophageal squamous
gland ducts. We have confirmed that squamous islands are
universally associated with oesophageal gland duct epithe-
lium.” Secondly, there may be long stretches of squamous
epithelium growing over glandular mucosa. Thirdly, there
may be apparent squamous metaplasia within Barrett’s
glandular mucosa (fig 6). This latter appearance suggests
the existence of a pluripotential stem cell within the
columnar mucosa, which is capable of differentiation along
a squamous lineage under the correct environmental condi-
tions. Thus there would appear to be several possible
mechanisms for the neosquamous re-epithelialisation:

Figure 5 An endoscopically normal appearing area of neosquamous
re-epithelisation with buried glands.
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encroachment from adjacent squamous epithelium, squa-
mous metaplasia within Barrett’s mucosa itself from pluri-
potential stem cells, regrowth from squamous lined ducts of
the oesophageal mucus gland, and possibly repopulation by
circulating stem cells.”” >> The concern that the cancer risk is
only reduced and not abolished is appropriate and a further
compelling argument that treatment may need to be repeated
and surveillance must continue. The risk of neoplastic
progression may not be confined to the buried concealed
metaplastic dysplastic glands but also occurs in neosquamous
epithelium. Oncogenic pluripotential stem cells may have
survived and produced malignant squamous cell lineages.

There was a very interesting finding in a blinded
randomised trial of ALA PDT where the irradiation source
was green light (510 nm).>* There was a striking lack of
buried glandular epithelium. Green light will penetrate only a
short way and is of higher energy. The full significance of this
finding remains to be examined further and exploited in
therapy.

Figure 6 Squamous metaplasia is seen to have occurred within
Barrett’s glands (an example has been circled). There are also
surrounding metaplastic Barrett's mucosa. This was a biopsy taken
three months after photodynamic therapy using 5-aminolaevulinic acid
from endoscopically appearing normal oesophageal mucosa.
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Table 4 Complications after oesophageal endoscopic mucosal resection

Major Minor
haemorrhage (%) haemorrhage (%)  Stricture (%) Perforation (%)
Ell* (64 patients) - 12.5 - -
Seewald®® (12 patients) - 13 17 -
Noguchi®(33 patients) 3 9 9
Ahmad® (19 patients) 11
Takeshita® (56 patients) 3.5 3.5 2
Nijhawan® (25 patients) - - - -
Buttar® (17 patients) 6

THE RATIONALE FOR ENDOSCOPIC MUCOSAL
RESECTION

The main shortcoming of endoscopic ablation is the absence
of histology on the removed specimen. The problem of
subjectivity and sampling error is currently very real.”” >
Endoscopic ultrasound has proven to be little better than
chance in differentiating early from advanced Barrett’'s
adenocarcinoma, with an the overall accuracy of only
61%.” °° Assessment of lymph node involvement may also
be unreliable by endoscopic ultrasound as enlarged media-
stinal nodes are commonly found in patients with Barrett’s.
Fine needle aspiration cytology from enlarged mediastinal
nodes may also be unreliable. The risk of a falsely negative
result was 20% in a series of advanced cancers.®® The
performance of fine needle aspiration in early cancer, with
lower rates of positive lymph nodes, is likely to be worse.

THE EVOLUTION OF ENDOSCOPIC MUCOSAL
RESECTION
Originally endoscopic mucosal resection was reserved for
patients who were considered to be an unacceptable surgical
risk. However, in the first large series of endoscopic mucosal
resection for early Barrett’s cancers, 51 of 64 patients were
younger than 70 years.” In this study, 34 of the 35 smaller
lesions (average size 9 mm) could be removed endoscopically
although one third of lesions required more than one
resection. The success rate was lower in the 29 patients with
larger lesions. In this group, most lesions (16/29) could not be
completely removed endoscopically even after 2-3 attempts.
Two years later, the three year follow up results have been
published. Metachronous lesions had developed in 30% of
patients.®* It was concluded that endoscopic mucosal resec-
tion was appropriate for discrete lesions. PDT was recom-
mended for high grade dysplasia without a visible lesion.
This view has been challenged; 12 patients with high grade
dysplasia but without a visible lesion had attempted removal
of the entire Barrett’s segment. This was achieved by
removing an average of 3.8 cm” of Barrett’s mucosa over
2-3 sessions. During the nine month follow up period, no
metachronous lesions were found. However 2/12 patients
developed oesophageal strictures which required dilatation.*

COMPLICATIONS OF ENDOSCOPIC MUCOSAL
RESECTION
Complication rates reported after oesophageal endoscopic
mucosal resection are shown in table 4. Series reporting on
the removal of small lesions (<1 cm/diameter) have few or
no complications. The study with the greatest incidence of
complications reported on the removal of all visible Barrett’s
epithelium (average size 38 mm).

Incomplete resections may be quoted as an adverse event.
However, this may not always be the case. If lateral margins

Figure 7 Area of dysplastic Barrett's oesophagus viewed trough the
suction cup on the endoscope prior to endoscopic mucosal resection.

were positive (40% of cases), patients usually underwent
further mucosectomies rather than more radical therapy.**
However, patients with lesions invading deeper than 500 pm
into the submucosa (measured from the muscularis mucosa)
are at greater risk of nodal metastases. A Japanese multi-
centre analysis of 1690 lesions has reported on the risk of
metastases in patients with early oesophageal squamous
carcinomas. Lesions which had started to invade through the
muscularis mucosa were associated with a 19% risk of nodal
metastases; lesions invading deeper than the superficial one
third of the submucosa were associated with a 44% risk.*

THE TECHNIQUE OF ENDOSCOPIC MUCOSAL
RESECTION

Most oesophageal endoscopic mucosal resections are carried
out using the “suction cap technique” (fig 7) first described
in 1993.” The advantage of this technique is that it can be
performed by one endoscopist with a single assistant. The
main disadvantage is that the technique becomes expensive if
piecemeal resections are carried out. The snare usually looses
its shape after the first resection and a new one is usually
required for each cut. To solve this problem and to make the
procedure faster, the use of a banding device was described
a few vyears later.®®* With this technique a variceal
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multi-banding device is used to ligate each mucosal bleb.
These are then cut (above or below the band) using a more
sturdy snare which retains its shape. A further shortcoming
of the aspiration cap method is that oval mucosal defects are
produced, often with intervening islands of intact Barrett’s
mucosa. Attempting to remove these slim strips of remaining
mucosa by the cap technique is hazardous and may risk
perforation. At the General Infirmary in Leeds, the majority
of lesions referred are large (>1 cm) and most resections are
carried out with the “strip biopsy technique/pull within the
snare technique” using a double channel endoscope.” 7' The
advantage is the control over targeting and the size of
resection; the drawback is that it requires one endoscopist
and two assistants to enable simultaneous lifting and cutting.
In the oesophagus, techniques are being developed to achieve
the removal of larger pieces of mucosa en bloc. An ingenious
device relies on suction to lift the mucosa to allow a cutting
wire to be passed through the submucosal plane.”
Metachronous lesions are common**and there is a need for
continued surveillance. The situation is analogous to poly-
pectomy follow up in the colon.

Currently, the ideal method of treatment is debated, with
advocates for ablation and for endoscopic resection. A
pragmatic approach utilises both. For macroscopically visible
lesions, endoscopic mucosal resection allows full pathological
assessment with removal of the lesion. If the patient has a
long segment with the possibility of multifocal disease, this is
best treated with PDT. Following complete ablation of the
segment there are often residual areas remaining. These can
be destroyed using the argon plasma coagulator/multipolar
electrocoagulator or photothermal laser therapy.

COMPARATIVE CLINICAL TRIALS

The most important, and very high quality, study addressed
the fundamental problem of cancer prevention in patients
with high grade dysplasia. It is only reported in abstract and
has just been completed. Long term follow up is required as it
will impact on cancer prevention strategy. The photosensi-
tiser used was photofrin. There was rigorous quality control
in this multicentre multinational study. All patients had a
rigorous protocol biopsy regimen with a central laboratory
pathological assessment. The patients, all of whom were
confirmed to have high grade dysplasia in Barrett’s oesopha-
gus, were randomised (2:1) such that 138 had PDT and
omeprazole and 70 received omperazole only. Patients could
receive up to three photodynamic treatments of the area of
dysplasia and Barrett’s oesophagus on separate occasions. It
is very instructive to note that over 485 patients (with a
diagnosis of high grade dysplasia) had to be screened to enter
208 patients with confirmed high grade dysplasia. After
24 months of follow up, ablation of all areas of high grade
dysplasia was noted in 76.8% of patients after PDT versus
38.6% in the omeprazole group (p<<0.0001). After two years,
53% of patients remained with no evidence of high grade
dysplasia (PDT) and all of the patients treated by omeprazole
had relapsed. After a mean follow up of 24.2 months, 13.0%
of patients (PDT) had disease progression to cancer compared
with 28% after a mean follow up of 18.6 months
(p=0.006).” The major problem (PDT group) was stricture
formation in 36%, with photosensitivity (usually mild) in
68%. Although the data are only preliminary, it clearly
establishes that PDT is now a highly effective treat-
ment for the eradication of high grade dysplasia in Barrett’s
oesophagus.
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There has been a preliminary randomised comparison of
APC and photofrin PDT. PDT was performed at one session
while APC required a mean of three sessions (range 1-6
sessions). Dysplasia was eradicated in 10 of 13 (77%) patients
treated with PDT and 11 of 16 patients (69%) after APC.
Photosensitivity was seen in two (15%) PDT patients whereas
three (19%) patients treated with APC had dysphagia, pain,
and fever.” A recent randomised trial compared ALA PDT
following continuous light and fractionated irradiation, and
APC thermal coagulation for the ablation of patients with low
grade dysplasia (8) and no dysplasia (32) in Barrett's
oesophagus.” The results showed that the mean endoscopic
reduction of Barrett’s oesophagus at six weeks was 51% for
ALA with continuous irradiation, 86% following fractionated
irradiation, and 93% following APC treatment. A further
study has also shown that complete ablation of Barrett's
epithelium following APC treatment occurred in 97% of
patients compared with only 24% of patients treated with
ALA PDT.”®

A comparative study of APC and multipolar thermocoagu-
lation has shown that the latter resulted in fewer treatment
sessions with significantly more patients achieving histolo-
gical ablation. The study examined 52 patients with between
2 and 7 cm of Barrett’s oesophagus without cancer or high
grade dysplasia and followed up with six monthly endosco-
pies for up to four years.”

Summary

The rationale for early detection and endoscopic intervention
in patients with Barrett's oesophagus that are at risk of
malignant degeneration is becoming increasingly self
evident.

» The annual incidence of cesophageal carcinoma is rising
at approximately 0.9% and is centred in the UK.

» Gastro-oesophageal reflux disease and Barrett's oeso-
phagus are identifiable intermediaries.

» High grade dysplasia in Barrett's oesophagus is currently
the best marker for malignant degeneration.

» Endoscopic and pathological certainty of dysplasia is
difficult and challenging.

» Symptomatic oesophageal adenocarcinoma has a very
poor prognosis.

» Current strategies of detection and infervention at cancer
diagnosis have failed to significantly impact on the
disease.

» A new paradigm of seeking out patients with premalig-
nant phenotypes, followed by endoscopic ablation, is
required.

> Endoscopic PDT has been shown in a randomised frial to
significantly reduce the incidence of oesophageal carci-
noma in patients with high grade dysplasia.

» Other endoscopic methods may orso be effective, and
endoscopic mucosal resection provides vital local staging
and eradication of early disease.

» It is important to note that most patients with metaplastic
Barrett's oesophagus will not die of oesophageal adeno-
carcinoma.

» Chemoprevention frials hold the promise of identifying
societal and generalisable strategies for the management
of those in the population with metaplastic Barrett's
oesophagus.
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CONCLUSIONS

It is quite possible to remove abnormal areas, and indeed
resurface the entire lower oesophagus, in a patient with
Barrett’s oesophagus using a variety of endoscopic techni-
ques. The question remains, who should be treated? Many
studies have looked at treating metaplastic Barrett’s, which
can be easily ablated. Currently, it is not widely used or
recommended for patients with metaplasia only.

Treatment is usually restricted to patients with high grade
dysplasia at risk of malignant degeneration or early Barrett’s
adenocarcinoma. Other strategies are being explored for the
large numbers of patients with Barrett’s metaplasia.
Treatment of dysplasia demands an “obsession with regres-
sion” whereas ‘“‘prevention of progression” is the correct
approach for metaplasia (personal observation, Professor Neil
Shepherd). Most patients in this latter group can have
excellent symptom control on proton pump inhibitor therapy.
Prevention of progression is being addressed in a clinical trial.

Barrett’s oesophagus appears to be a marker for the
development of cancer.” There is now a minimally invasive
solution to eradication of Barrett's oesophagus when it
presents a significant preneoplastic potential. Identification
of the “bad Barrett’s” is being addressed by molecular
methods and optical detection methods without biopsy.”
Once a dysplastic ““bad Barrett’s” segment is identified, then
endoscopic therapy should be considered as a realistic and
useful option.
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