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Abstract: Barrett’s esophagus is the only known precursor lesion for esophageal
adenocarcinoma. Previous studies have shown that a variety of methods can be applied to
destroy Barrett’s esophagus epithelium, and healing with a new esophageal squamous epi-
thelium usually occurs following ablation. Radiofrequency ablation (RFA) is a relatively new
endoscopic technique. It has been claimed that ablation using RFA reduces the risk of cancer
progression. RFA is usually easy to apply and is associated with a low risk of morbidity. It
achieves complete eradication of (non) dysplastic Barrett’s esophagus in most individuals, and
the risk of progression to higher grades of dysplasia or cancer is reduced after RFA, although not
completely eliminated. Limitations include recurrence of Barrett’s esophagus in up to one-third
of individuals, a risk of “buried islands™ of Barrett’s esophagus remaining below the regener-
ated mucosa, and uncertainty about the biological behavior of the new squamous epithelium
after RFA. Current evidence supports the use of RFA in individuals with high-grade dysplasia
in Barrett’s esophagus, and early stage (T1a) intramucosal cancer, and select individuals with
low-grade dysplasia. As accurate diagnosis of low-grade dysplasia remains difficult outside
expert centers, it is probably premature to recommend routine RFA for all patients diagnosed
with low-grade dysplasia in the community, despite the favorable outcomes from one random-
ized trial. Furthermore, long-term outcomes following ablation remain uncertain, and ongoing
endoscopy surveillance is still required after RFA as progression to cancer remains a possibility.
Outcomes from large studies with long-term follow-up are needed to definitively confirm that
RFA ablation can reliably prevent cancer progression in Barrett’s esophagus.

Keywords: Barrett’s esophagus, esophageal adenocarcinoma, radiofrequency ablation,
dysplasia

Introduction
Background

The incidence of esophageal adenocarcinoma in Western countries has risen sig-
nificantly over recent decades, with the rate of increase more rapid than for any
other cancer.' Barrett’s esophagus is the only known premalignant precursor, and it
represents a major risk factor for esophageal adenocarcinoma. It is thought to be an
adaptive response to gastroesophageal reflux-associated mucosal injury, which leads
to the normal stratified squamous epithelium in the distal esophagus undergoing
metaplastic change to a columnar epithelium. In most parts of the world, Barrett’s
esophagus is not diagnosed unless intestinal metaplasia is identified at histopathology.
However, in reality, the metaplastic columnar epithelium often contains a mosaic of
intestinal metaplasia, and fundic and cardia mucosa.
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Progression of Barrett’s esophagus to cancer is thought to
occur in a stepwise manner, with the metaplastic columnar
epithelium undergoing dysplastic change, from low-grade
dysplasia (LGD) to high-grade dysplasia (HGD), which
can then progress to adenocarcinoma.’ Metaplastic Barrett’s
esophagus is associated with a low overall risk of progression
to esophageal adenocarcinoma of 0.12%—0.40% per year.5 '
It is important to note that most individuals with Barrett’s
esophagus will never actually develop esophageal adenocar-
cinoma. In addition, most patients who do develop esophageal
adenocarcinoma have no prior history of Barrett’s esophagus.
This latter observation might be somewhat “biased”’, however,
as these patients may well have had undiscovered Barrett’s
esophagus, as they had not undergone earlier endoscopy.
The risk of Barrett’s esophagus progressing to cancer greatly
increases once HGD develops, with up to 40%—-60% of
individuals with HGD progressing to cancer across a 3—5
year time frame.!"!2

Overall, the incidence of Barrett’s esophagus in the
general population is probably low, ranging from 1% to 2%,
with the lowest prevalence (<1%) seen in Asian countries.!?
However, this figure ranges from 10% to 15% in individuals
who undergo endoscopy for symptoms of gastroesophageal
reflux.!* Other major risk factors for Barrett’s esophagus
include age, male sex, abdominal obesity, smoking, family
history, and Caucasian racial background.' !

Current management

of Barrett’s esophagus

Current management of known Barrett’s esophagus in
most Western countries usually entails regular endoscopy
surveillance to identify cancer at its earliest stage followed
by medication or antireflux surgery to control symptoms of
gastroesophageal reflux disease.?”2* More recently, however,
new endoscopic treatment options have been advocated for
individuals with dysplastic Barrett’s esophagus, with these
treatments aiming to reverse the dysplasia or treat early
(intramucosal) cancer.

Traditionally, endoscopy surveillance has been used to
detect dysplasia and early cancer, thereby providing opportu-
nities for early intervention. Given the relatively low overall
risk of progression (0.12%—-0.40% per year), there has been
debate about the cost-effectiveness of endoscopy-based sur-
veillance strategies, with health economic evaluations failing
to demonstrate clear advantages for endoscopy surveillance
programs.**?” This has led to more recent endoscopy surveil-
lance guidelines from Australia and the UK, recommending
less frequent surveillance in lower risk individuals with

shorter, nondysplastic segments of Barrett’s esophagus.?>
Recently published Australian guidelines, for example,
recommend that the timing of repeat endoscopy in patients
with Barrett’s esophagus who do not have dysplasia should be
based on the Barrett’s esophagus segment length. If the length
is less than 3 cm, repeat endoscopy is recommended for
3-5 years’ time, whereas if the length is 3 cm or greater, then
repeat endoscopy should be earlier, in 2-3 years’ time. When
the biopsies show Barrett’s esophagus indefinite for dysplasia
(IND), repeat endoscopy is recommended for 6 months, and
for LGD, 6 monthly endoscopies are recommended until
either progression, or if two consecutive endoscopies show
no dysplasia, then the interval can be extended. If HGD or
adenocarcinoma is found, then patients should be considered
for definitive management.

It is generally accepted that antireflux treatments should
be used to minimize or eliminate symptoms of gastroe-
sophageal reflux in individuals with Barrett’s esophagus.
However, there is debate about whether treatment of reflux
reduces cancer risk. Proton pump inhibitors are usually the
first choice for the treatment of reflux symptoms associ-
ated with Barrett’s esophagus, and higher than standard
doses are often required to achieve effective symptom
control.?>?% A recent large-scale systematic review and
meta-analysis which included >2,800 patients with Barrett’s
esophagus suggested that the use of proton pump inhibitors
is associated with a 71% reduction in risk of HGD and/or
adenocarcinoma (adjusted OR [odds ratio], 0.29; 95% CI
[confidence interval], 0.12—0.79). However, the reliability
of the conclusions from this study are limited by the lack
of underlying data from randomized controlled trials, the
inclusion of patients with LGD in the Barrett’s esophagus
population, and the considerable heterogeneity of the data
sets used for meta-analysis.*® It should also be noted that
despite good symptom control being achieved in most
patients, regression of Barrett’s esophagus is rarely seen
following medical therapy alone.”!

Antireflux surgery such as fundoplication is the other
treatment option.’>* Surgery alone also fails to reliably
produce regression of Barrett’s esophagus, or prevent pro-
gression to adenocarcinoma.**3% While some prospective
cohort studies have suggested that fundoplication might
lead to regression,* only one randomized trial has com-
pared Nissen fundoplication vs medical therapy in Barrett’s
esophagus. In this trial, patients treated with surgery had a
small reduction in the length of Barrett’s esophagus segment
(median reduction: 1 cm) at 5 years, whereas those treated
medically had an increase in length (median increase: 1 cm).
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However, there was no difference in the rate of progression
to cancer or HGD between the two groups.*

Ablation of Barrett’s esophagus

As antireflux therapy alone is not effective for the eradica-
tion of Barrett’s esophagus, various ablative therapies have
been developed, all aiming to reverse the process of Barrett’s
esophagus. These treatments aim to destroy or remove
the abnormal Barrett’s esophagus mucosa and replace the
metaplastic epithelium with a “normal” stratified squamous
epithelium, thereby potentially decreasing the risk of pro-
gression to adenocarcinoma.***! Ablative therapies include
several different techniques, all of which aim to destroy
the metaplastic Barrett’s esophagus mucosa (Table 1). These
include argon plasma coagulation (APC), laser heater probe,
photodynamic therapy (PDT), and radiofrequency ablation
(RFA).* In addition to ablation therapy, concurrent pharmaco-
logical therapies to reduce gastric acid production, and hence
reflux, are thought to be important, as they aim at generating a
reflux-free environment during the mucosal healing period.*
All treatments that achieve these aims, ie, destruction of the
metaplastic mucosa in an individual with well-controlled
reflux, appear to be capable of generating regression of

Table I Competing methods for ablation of Barrett’s esophagus

Barrett’s esophagus, although the ease of treatment and the
success rate varies between different options.

APC uses monopolar electrocautery and produces a
stream of ionized argon gas to deliver a high-frequency
electrical current to the esophageal mucosa. This cauterizes
and destroys the mucosa. The equipment required is relatively
inexpensive and widely available. Randomized trials have
shown that APC can effectively clear the Barrett’s esopha-
gus mucosa, at least in the short-term.**® A randomized
control trial reported by Sie et al* divided 129 patients with
nondysplastic or LGD Barrett’s esophagus into two groups:
one group receiving APC, the other undergoing endoscopy
surveillance. In the APC group, more than 95%-100%
eradication of Barrett’s esophagus was initially achieved in
97% of patients. At 1 year follow-up, 84% still had effective
eradication of the Barrett’s esophagus, although this declined
to 66% at 5 years follow-up.*

An alternative ablation option is PDT. This requires the
administration of a photosensitizer drug (eg, oral aminole-
vulinic acid or intravenous Photofrin), and the Barrett’s
esophagus is then exposed to laser light via an endoscope.
During this process, the photosensitizer is activated by a spe-
cific wavelength of light, resulting in mucosal injury.**° This

Treatment Mechanism of Eradication Advantages Disadvantages
action rate
Argon plasma lonized argon carrying  80%—90% Inexpensive Operator dependent

coagulation
(APC)
Photodynamic
therapy (PDT)

Radiofrequency
ablation therapy
(RFA)

Endoscopic
mucosal
resection (EMR)

Endoscopic
submucosal
dissection (ESD)

Surgery

high-frequency
electrical current
Photosensitizing
agent plus laser
light activation via
endoscope

Bipolar electrical
current

Endoscopic removal

of mucosa in
piecemeal fashion

Endoscopic removal

of mucosa (single
larger piece)

Esophagectomy

50%—-90%

80%—90%

76%—100%

76%—100%

100%

Equipment widely available

Reproducible application technique

Simple reproducible application
Equipment increasingly available

Large tissue “biopsy” facilitates accurate

histology

Complete excision of shorter Barrett’s
esophagus segments feasible
Can remove nodular lesions

Limited long-term outcome data
Recurrence in some individuals

Expensive

Equipment not widely available
Photosensitivity limits applicability in many
countries

Recurrence in some individuals

Expensive consumables

Not suitable for nodular mucosa or
difficult anatomy

Recurrence in some individuals

Excised mucosal pieces limited to 1.5-2 cm
diameter. Piecemeal resection required for
larger areas

Complications in some individuals —
bleeding, perforation, stricture

Can be used as an adjunct to other therapies

Can remove nodular lesions
More extensive “en bloc” resection of
mucosa achievable

Curative

No further surveillance required after

treatment

Long learning curve — technically challenging
Higher stricture rate than following EMR
Other complications — bleeding, perforation
Procedures take a long time.

Costly

Perioperative morbidity, mortality

Impact on quality of life
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technique has been shown to be successful in eradicating
the metaplastic epithelium in 50%-90% of patients.>"5
However, the required equipment is expensive and not
widely available, and a major issue is that patients must
remain in a darkened room for long periods of time after
administration of the photosensitizer, as they are rendered
severely sensitive to light, and the potential damage to their
skin is very high.>

Direct excision of the Barrett’s esophagus mucosa can be
achieved using endoscopic mucosal resection (EMR) or endo-
scopic submucosal dissection (ESD). EMR removes 1.5-2
cm diameter pieces of the esophageal mucosa, and it can be
used alone to remove shorter Barrett’s esophagus segments,
or as an adjunct to other ablative therapies, such as RFA. It is
often used for small excisional biopsies (<2 cm) of mucosal
irregularities or nodules. Benefits of EMR include deeper
tissue removal and a larger and deeper biopsy specimen than
can be achieved with standard biopsy forceps. This facilitates
more accurate histological evaluation of visible early lesions
within Barrett’s esophagus segments.’* Using EMR alone
to eradicate circumferential Barrett’s esophagus has been
described, although many studies report complications. The
efficacy of EMR for complete eradication has been reported
to range from 76% to 100%,%-7 but relevant complications
include bleeding and perforations, with strictures occurring
in up to half of the treated patients after circumferential
resections.>* ESD achieves, compared to EMR, a more
extensive “en bloc” resection of the mucosa. This technique
is technically more challenging, and a direct comparison with
EMR has shown similar eradication rates for dysplasia and
intramucosal adenocarcinoma, but with a longer procedure
duration and higher postprocedure stenosis rate (44% vs 20%)
following ESD. The costs of ESD are nearly double of that
of EMR and associated with a significant learning curve.®
For these reasons, EMR is the more popular technique in
Western countries.

It is also important to remember that surgical resection
of esophageal cancer is an effective treatment for early-stage
cancer and HGD, and offers a single-step definitive treat-
ment which will be curative, and unlike endoscopic ablation,
ongoing endoscopic surveillance after treatment is no longer
needed. However, surgery is not feasible in individuals with
significant comorbidities, and it is associated with significant
perioperative morbidity, mortality risk, and reduced quality
of life in the early follow-up period.*®-¢2 Nevertheless,
esophagectomy performed for HGD or intramucosal cancer
is a lower risk procedure than when undertaken for advanced
cancer, with lower mortality outcomes of approximately

1%—2% in this patient group.*** However, there is no doubt
that endoscopic treatments preserve the normal esophageal
anatomy, are safer, and are associated with lower morbidity
and mortality than esophagectomy, and for these reasons
endoscopic interventions are replacing surgery as first-line
therapy in patients with HGD or intramucosal cancer.

RFA - implications, results, and
outcome
Background

RFA has recently become the most widely used approach for
the treatment of dysplastic Barrett’s esophagus. It has been
described as a treatment for all “stages” of the disease. RFA
was originally used for treatment of HGD and intramucosal
adenocarcinoma, but more recently it has been used for LGD
and nondysplastic Barrett’s esophagus (NDBE), as well as
an adjunct in combination with EMR, with EMR being used
for treatment of nodular lesions, and RFA for removal of the
remainder of the Barrett’s esophagus, thereby minimizing the
risk of complications of EMR.

From a technical aspect, RFA uses bipolar electrical
energy to thermally destroy the Barrett’s esophagus mucosa.
A balloon catheter containing a 360° radiofrequency array
is inserted, inflated in the esophagus, and then activated to
deliver radiofrequency energy, which heats intracellular water
to kill affected cells. Both 60° and 90° catheters are available,
although most authors report using the HALO 360 system
(Covidien, Sunnyvale, CA, USA). The HALO 90 and HALO

9 6.

60 systems tend to be used for Barrett’s “tongues”, residual
“islands”, or shorter segments of Barrett’s esophagus. The
HALO 360 is a cylindrical balloon used to treat circumfer-
ential Barrett’s esophagus at one time over a distance of up
to 3 cm, but longer segments are treatable using multiple
overlapping treatments. The amount of energy used for
dysplastic lesions is approximately 12—15 J/cm?, and nondys-
plastic mucosa is treated with approximately 10 J/cm?. The
depth of destruction is approximately 1,000 um, and this is
generally sufficient to destroy nonnodular, ie, “flat” Barrett’s
dysplasia.® It is important to stress that RFA treatment in the
context of intramucosal adenocarcinoma is only feasible for
“flat” Barrett’s esophagus segments, with no nodular mucosal
abnormalities. Nodular mucosal abnormalities should be
considered for EMR prior to application of RFA.

RFA is usually delivered as an outpatient procedure and
can be applied across several repeated sessions. Hence, RFA
allows treatment of longer segments of Barrett’s esophagus
via extended and/or circumferential destruction of tissue in
arelatively short period of time. Furthermore, this technique
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has been shown to be less costly than other interventions
such as PDT, when taking cost, efficiency, and the number
of treatment sessions required into consideration. With
regard to complications of the initial treatment and the need
for further posttreatment interventions to deal with these
problems, RFA seems to be superior to EMR. For example,
the rate of esophageal strictures is much higher after EMR,
and the number of dilations needed in EMR patients exceeds
that required for post-RFA strictures. Thus, even though more
endoscopies are required with RFA to achieve complete
eradication of Barrett’s esophagus, more endoscopies might
be required to resolve complications arising from EMR.%
Finally, RFA is technically much easier to perform than other
modalities such as EMR.®

Elimination of Barrett’s
esophagus following RFA

Ablative treatments, such as RFA, for (dysplastic) Barrett’s
esophagus aim to prevent progression to cancer by eliminat-
ing the precursor lesions. Efficacy of this treatment can be
estimated by its ability to successfully eradicate the abnor-
mal, metaplastic cells of Barrett’s esophagus. A number of
randomized and nonrandomized trials have shown promising
results with regard to complete eradication of the Barrett’s
esophagus. Overall, complete eradication of intestinal meta-
plasia has been reported to be achieved in 54%-100% of
cases,' #0687 and compete eradication of dysplastic lesions
has been achieved in 83%—100% cases.'***71.73

Shaheen et al®® reported the first randomized trial to
address RFA. In a multicenter, sham-controlled trial they ran-
domly assigned 127 patients with dysplastic Barrett’s esopha-
gus to RFA vs surveillance (2:1), and followed the patients
for 12 months. Approximately half the patients had HGD at
entry in to the trial, and the remaining half had LGD. For the
individuals with LGD, complete eradication was achieved in
90.5% of patients treated with RFA vs 22.7% of the control
group. The rate of eradication of HGD was slightly less, but
still significantly different for the two groups, with 81.0% of
the patients achieving complete eradication following RFA
compared to 19.0% in the control group.®® In a nonrandom-
ized study, Sharma et al'* reported similar results. They
treated 67 patients with RFA, and for the cohort with LGD,
the rates of complete eradication of intestinal metaplasia and
dysplasia were reported to be 87% and 95%, respectively.
In the HGD cohort, the rates of eradication were 67% for
intestinal metaplasia and 79% for dysplasia.'*

More recently, a second multicenter randomized clini-
cal trial was reported by Phoa et al.”* This trial evaluated

RFA in a cohort of 136 individuals with LGD. Half of the
patients were treated with endoscopic RFA, and the other half
underwent surveillance. Complete eradication of LGD and
intestinal metaplasia was achieved in 92.6% and 88.2% of
patients, respectively.™ Other smaller studies included one by
Perry et al” who followed 19 patients with nodules in HGD
for 3 years, following EMR for resection of nodular lesions
and concurrent RFA for the remaining Barrett’s esophagus.
Complete eradication of HGD was achieved in 88% of these
individuals.” In 61 patients treated with RFA for Barrett’s
esophagus without dysplasia, Fleischer et al’® achieved com-
plete eradication in 98.4%, with efficacy persisting over the
entire study period of 2.5 years.

The data from all of these studies clearly show that RFA
has a high success rate for complete eradication of nondys-
plastic and dysplastic (LGD and HGD) Barrett’s esophagus,
although, eradication of visible Barrett’s esophagus does not
necessarily equate to cancer prevention.

Recurrence and disease progression
As RFA ablation of (dysplastic) Barrett’s esophagus does
not remove the entire esophagus, and the regenerated
postablation squamous mucosa probably arises from stem
cells lying underneath the original Barrett’s esophagus,
there are some concerns about whether ablation treatments
remove all diseased tissue reliably to prevent recurrence of
Barrett’s esophagus or progression to cancer. Reported rates
of recurrence of Barrett’s esophagus following RFA ablation
are variable, ranging from 0% to 32%.%¢777 Different study
parameters such as study size and duration of follow-up might
contribute to this variation. For example, most studies report
a follow-up period of 1-2 years, and as recurrence probably
progresses over time, studies with a short follow-up period
might underestimate the risk of recurrence. Furthermore,
the definition of recurrence varies between studies, with
some including recurrences at the gastroesophageal junc-
tion (GEJ), whereas others defined recurrence as a biopsy-
proven lesion from above the GEJ, arising within the tubular
esophagus.” There is also no agreed definition of how many
negative endoscopies are finally required to prove “complete
remission”.

Vaccaro et al’ followed up 47 patients for up to 38 months,
following complete eradication of NDBE, and 15 (32%) of
them developed recurrent metaplasia. The median time to
detection of recurrence was 9 months. Of the 15 patients with
recurrence, 4 presented with disease progression: 2 devel-
oped LGD, and 2 developed HGD. Interestingly, dysplastic
mucosa was only found at the site of the GEJ.”® Gupta et al”
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reported outcomes from a multicenter study which enrolled
229 patients from three US centers. In this series, 33% of
patients developed recurrence of intestinal metaplasia, all
following previous RFA treatment (with or without prior
EMR) with complete eradication. Eighteen patients presented
with recurrence in the tubular esophagus alone, and 17
developed recurrence at the GEJ alone. Two patients finally
developed recurrence at both sites simultaneously. Most of
the recurrences were nondysplastic lesions. However, 8% of
patients were found to have LGD, 11% had HGD, and 3%
had adenocarcinoma on histology.”

Some studies have tried to identify risk factors for
recurrence following ablation. The length of the Barrett’s
esophagus segment seems to be associated with higher rates
of recurrence.”7*808! For example, at 3 years follow-up,
recurrent intestinal metaplasia was reported in 18% of
patients who underwent ablation of long segment Barrett’s
esophagus (mean length, 4.7 cm) vs 35% of patients with
ultralong segment disease (mean length, 10.8 cm), although
none of the recurrences in this study were associated with
dysplasia.’! However, it has also been hypothesized that
these patients did not actually have recurrent Barrett’s
esophagus after complete eradication, but rather presented
with “recurrent” disease from so-called buried islands of
Barrett’s esophagus which were not successfully ablated
during initial treatment, ie, the original Barrett’s esophagus
was not fully eradicated.”

Two randomized-controlled trials have evaluated the
progression of Barrett’s esophagus to HGD or cancer fol-
lowing RFA treatment. In the first study, Shaheen et al®
investigated disease progression, which was defined as
either HGD progressing to cancer or LGD progressing to
HGD or cancer. In the second trial, Phoa et al” investigated
disease progression only in patients diagnosed with LGD in
Barrett’s esophagus.

Shaheen et al®® reported promising data supporting a
reduction in the risk of progression following RFA. In this
trial, the authors reported overall progression of disease in
3.6% of patients following RFA vs 16.3% of controls undergo-
ing endoscopy surveillance. Disease progression was defined
as either HGD progressing to cancer or LGD progressing to
HGD or cancer. RFA treatment was followed by a significantly
reduced rate of progression from HGD to cancer at 12 months
follow-up, and in the subgroup who had HGD at enrollment,
2.4% progressed to cancer following RFA vs 19% of controls
(P=0.04). Interestingly, in the subgroup of patients with LGD
at enrollment, progression to HGD was not significantly dif-
ferent following RFA ablation compared to controls; 4.8%

following RFA vs 13.6% in controls (P=0.33), and no patient
with LGD progressed to cancer.®® The overall rate of recurrent
Barrett’s esophagus, however, was more difficult to assess as
the authors offered all of the control (surveillance) patients
RFA treatment following the initial 12 months follow-up, and
all patients accepted this treatment.®* Hence, the subsequent
report of 2 years follow-up did not provide randomized data
at the later follow-up point, although 95% of all patients
were reported to have maintained complete eradication of
dysplasia at 2 years.®

In the second randomized trial, Phoa et al™ reported
3-year follow-up data from a trial which randomized patients
diagnosed with LGD in Barrett’s esophagus to RFA ablation
vs endoscopic surveillance. Within the group of 68 patients
treated by RFA, eradication of dysplasia was achieved in
63 (92.6%), and only 1 patient (1.6%) had recurrent Barrett’s
esophagus at follow-up. For intestinal metaplasia, the success
rate was a bit lower, with 60 (88.2%) achieving complete
eradication and 54 (79.4%) still eradicated at follow-up. All
recurrences found in the ablation group were described as
small islands or tongues of Barrett’s esophagus, measuring
less than 10 mm in extent. Of significance, progression from
LGD to HGD or adenocarcinoma was seen in 1.5% (n=1) of
patients in the ablation group vs 26.5% (n=18) of controls
(P<<0.001). More specifically, progression to adenocarcinoma
was seen in 1.5% of patients following RFA vs 8.8% in the
control group (P=0.03). The authors concluded a reduction
of risk of progression to cancer of 7.4% following RFA.™
This rate of disease progression from LGD to HGD or cancer
contrast with the findings of Shaheen et al®® who reported that
RFA treatment had no significant impact on progression in
patients with LGD. However, it is important to note that in
Phoa et al’s’™ trial, the definition of LGD was different from
the standard definition of LGD used in community practice.
For entry into this trial, the diagnosis of LGD was required
to be confirmed by an “expert central pathology panel”, and
this led to the exclusion of 264 of the 511 patients who were
initially considered for the trial, and ultimately only 140 of the
511 patients considered for the trial were actually enrolled.
At 12 months follow-up, the rate of progression from LGD
to HGD or cancer was reported to be approximately 15%.
This downstaging of many of the patients initially diagnosed
with LGD, resulting in a higher rate of disease progression
in those remaining with “confirmed” LGD, has been repli-
cated in two recent studies from the Netherlands. Following
review by an “expert panel of pathologists”, Curvers et al®
reported downstaging of 85% of their patients from an initial
diagnosis of LGD to NDBE or to IND. Interestingly, in the
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group of patients with a consensus diagnosis of LGD, the
cumulative risk of progressing to HGD or cancer across a
follow-up period of 9 years was 85.0% compared to 4.6% in
patients downstaged to NDBE (P<<0.0001). This equated to
a progression rate to HGD or cancer of 13.4% per year for
LGD vs 0.49% per year for NDBE.* For patients with an
“expert diagnosis” of LGD, the risk of progression to HGD
or cancer was 9.1% per year compared to 0.6% and 0.9%
in NDBE or IND.®* These very high rates of progression
confirm that the pathology screening process applied in the
Phoa et al’s trial’* and in other studies using “expert panel
pathology review” selected out a subgroup of patients with
LGD who have a much higher risk of progression to HGD
or cancer. Hence, it is difficult to generalize these results to
the wider clinical environment where less stringent criteria
are used for the diagnosis of LGD. For this reason, recent
Australian recommendations for the treatment of Barrett’s
esophagus have limited their recommendation for ablation
to HGD and intramucosal cancer, and have not broadened
this to LGD.? However, in centers which can provide the
necessary “expert panel pathology review”, RFA might now
be justified in patients with confirmed LGD.

In summary, reported data suggest that following RFA
ablation for dysplastic Barrett’s esophagus, up to one-third
of patients might develop at least some recurrent Barrett’s
esophagus mucosa, and the longer term status of this recur-
rent mucosa is unknown. With regard to the questions of
progression and cancer prevention, the two randomized
controlled trials provide important evidence that suggests
that the risk of progression to a higher grade of dysplasia
or cancer is reduced following RFA ablation, although this
risk is not completely eliminated. However, follow-up in
these trials remains short, and there is currently no long-
term survival data supporting RFA ablation of dysplastic
Barrett’s esophagus. As most larger studies report recurrent
HGD or cancer progression following RFA ablation, albeit at
a low rate, ongoing endoscopy surveillance is still required
after ablation, and for this reason, ablation should only be
performed in individuals who are able to comply with postab-
lation follow-up protocols.

Potential limitations of RFA

in the clinical context

There are some limitations to the use of RFA for the treat-
ment of dysplastic Barrett’s esophagus. One significant
disadvantage is that a pathology specimen is not obtained
for histopathological examination. This means that there is
some uncertainty about staging, grading, and completeness

of eradication of intramucosal cancers if RFA is used as the
only treatment modality. Combined treatment with EMR of
visible mucosal lesions might reduce the risk of this prob-
lem, although understaging might lead to undertreatment of
cancers if care in workup is not taken. If a stage T1b cancer
is present, with invasion into the submucosa, then the risk
of lymph node metastasis is significant,*® and endoscopic
therapies will undertreat many individuals. Additional
problems can occur with RFA in the context of very long
segments of Barrett’s esophagus, ablation in the presence
of an esophageal stricture, and lesions close to the GEJ in
hiatus hernia. In the latter scenarios, adequate ablation can
be difficult.

Complications of RFA

Like any interventional procedure, RFA also has the potential
to cause harm (Table 2). Clinical benefit depends on the bal-
ance of proposed benefits vs side effects and complications.
Reported complications and side effects include chest pain,
mucosal lacerations, upper gastrointestinal hemorrhage, and
esophageal stricture. Of these problems, chest pain is the
most commonly reported problem, and it probably occurs
as a consequence of ulceration of the esophageal mucosa
following the deliberate mucosa injury caused by RFA.
Immediate chest pain following therapy has been reported
in 5%—28% of patients undergoing treatment, and this usu-
ally resolves within 3-5 days.!*%%-73 Rarely, chest pain
has been reported to be associated with nausea, or requires
overnight stay in hospital.®®”> Mucosal lacerations can occur
following inflation of the balloon device, and these occur
relatively commonly, although mucosal injury is reported
to be rarely deep enough to cause perforation.®® Two cases

Table 2 Outcomes and complications following radiofrequency
ablation

Outcomes

54%—100%
83%—100%
0%—-32%

1.5% vs 26.5%

Eradication of intestinal metaplasia
Eradication of dysplastic lesions
Recurrence of Barrett’s esophagus
Progression of disease compared

to controls 3.6% vs 16.3%°
Complications

Chest pain 5%—28%

Mucosal lacerations Relatively common

Stricture 0%—14%

Hemorrhage requiring intervention Rare

Notes: *Expert panel pathology review confirmed progression of LGD to HGD
or adenocarcinoma;’ ®progression of disease determined when HGD progressed
to cancer or LGD progressed to HGD or cancer.” These data are sourced from
published randomized controlled trials.

Abbreviations: LGD, low-grade dysplasia; HGD, high-grade dysplasia.
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of significant acute upper gastrointestinal hemorrhage have
been reported. Both of these patients were on dual antiplate-
let therapy for heart disease, and both required endoscopic
treatment for the bleeding.'**® A further report describes a
patient with delayed bleeding, presenting with melena after
recommencing anticoagulation for atrial fibrillation. In this
instance, bleeding was treated by endoscopy, injection with
adrenaline, and blood transfusion.®

Esophageal stricture, defined as a narrowing of the
esophagus with or without dysphagia, seen during follow-up
endoscopy is a reported late complication. The inci-
dence of this problem is reported to range from 0% to
149%.14.66.68.6971-7477 Ag the depth of injury is generally
shallower after RFA, with the muscularis mucosae and
submucosa generally remaining intact, the risk of stricture
is lower than following circumferential EMR or ESD.*-%
For example, stricture rates after total endoscopic mucosa
resections have been reported to be as high as up to 88%,
and these strictures are described as more severe and require
more dilatations than strictures caused by RFA.* Strictures
from RFA have generally been reported to resolve with
endoscopic dilation in 1-3 sessions.66:6374

In summary, morbidity after RFA is reported to be rela-
tively low with the most frequent complication being chest
pain. Postinterventional strictures are the most important
postinterventional complication and occur in up to 14%
of patients, and some of these require further endoscopic
treatment. However, compared to endoscopic mucosal
excision technique, the risk of stricture is lower and treat-
ment easier.

Does RFA really eliminate

Barrett’s esophagus?

As described above, several studies have clearly demonstrated
that RFA can achieve a high rate of complete eradication of
Barrett’s esophagus. This suggests that dysplastic Barrett’s
esophagus can be well treated by RFA, and RFA can com-
pletely eliminate all metaplastic or dysplastic tissue. However,
there is an ongoing debate about so called “buried islands”
of Barrett’s esophagus. Metaplastic or dysplastic cells might
also be found in “buried islands” underneath the regener-
ated, apparently normal squamous epithelium. These buried
islands represent metaplastic Barrett’s cells that are found
under the epithelium in the lamina propria, and these islands
are hidden at endoscopy as the surface of the mucosa appears
macroscopically as normal squamous mucosa. These islands
can only be detected by chance if a biopsy is taken of the
squamous mucosa that is overlying the buried glands. It has

been hypothesized that these buried glands are a result of
either incomplete ablation (buried glands being deeper than
the superficial layer) or a consequence of extensive biopsy
sampling during surveillance.” The rate of detection of
buried glands varies from 0% to 5%.'“*® While there are no
studies which evaluate the risk of progression to cancer from
these buried islands, there have been isolated case reports
of cancers developing within these islands.?”#® Importantly,
however, buried glands are not unique to patients who have
undergone RFA ablation, as they were previously identified
after PDT, APC, and multipolar electrocoagulation interven-
tions.* A proposed advantage for RFA ablation was that this
problem would be eliminated by RFA. However, this appears
to have not been realized.

Another potential consideration is whether or not the neo-
squamous epithelium that repopulates the tubular esophagus
after RFA ablation is a functionally normal squamous epithe-
lium. Following ablation, it is likely that the neosquamous
epithelium regenerates from local stem cells within the
esophageal wall, and not from proximal to distal ingrowth
from normal proximal squamous mucosa. There is debate
about whether the new epithelium is comparable to normal
squamous epithelium, or whether it is functionally more like
Barrett’s metaplasia. Dunkin et al® investigated samples from
above the previously diseased area and from the neosquamous
epithelium from patients who underwent RFA treatment.
The neosquamous epithelium showed, compared to normal
epithelium, downregulation of claudin-4 with subsequently
increased permeability to cations. This resulted in a less
effective barrier to refluxing stomach acids.” Other studies
have investigated genetic changes in neosquamous epithelium
following ablation,”’** and suggested that neosquamous
epithelium following RFA might be genetically closer to the
original squamous epithelium, compared to the neosquamous
epithelium that repopulates the esophagus after other ablation
therapies such as PDT and APC.%%%

Taken together, there appears to be some risk of pro-
gression to cancer remaining even after successful ablation
of Barrett’s esophagus with RFA. The actual rate of recur-
rence of Barrett’s esophagus or risk of cancer progression is
unknown, and until larger studies with longer term follow-
up are available, it will be important to manage the risk
of problems arising after ablation, even though this risk is
almost certainly less than the risk associated with nonab-
lated dysplastic Barrett’s esophagus. This mandates ongoing
endoscopy surveillance following ablation, and this issue
might impact adversely on the eventual cost-effectiveness
of RFA ablation.
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Conclusion

RFA is an endoscopic technique for ablation of Barrett’s
esophagus that has been developed in recent years, aiming to
prevent progression from Barrett’s esophagus to cancer. This
technique is simple to use and allows treatment of short and
long segments of Barrett’s esophagus via extended and/or cir-
cumferential destruction of tissue in a short period of time. The
technique is safe and associated with acceptable morbidity.

Current literature demonstrates that RFA is a highly suc-
cessful treatment for nondysplastic and dysplastic (LGD and
HGD) Barrett’s esophagus, achieving complete eradication in
most individuals. In addition, the literature suggests that the
risk of progression to higher grades of dysplasia or cancer is
reduced following RFA ablation, although the risk of cancer
is not completely eliminated. Current evidence supports the
use of RFA ablation in individuals with HGD or intramucosal
cancer, although it is probably premature to recommend
routine RFA ablation for individuals with a community diag-
nosis of LGD, although this recommendation may not hold if
“expert” pathology review is available. There is no evidence
to support the use of RFA ablation for NDBE.

Unfortunately, however, eradication of visible Barrett’s
esophagus does not necessarily mean that the treatment has been
successful. Up to one-third of patients might develop recurrent
Barrett’s esophagus mucosa, and there is a risk of “buried
glands” that represent islands of Barrett’s mucosa beneath the
new esophageal mucosa. In addition, the neosquamous epithe-
lium after RFA might not be a “normal” squamous epithelium
and might still harbor some ongoing risk of cancer progression.
Currently, there is a lack of good long-term follow-up data after
RFA ablation, and in the absence of data, the potential for RFA
to effectively prevent cancer progression across the long-term
is still uncertain, and all treated individuals currently need to
remain on an endoscopy surveillance program.

However, RFA ablation is a promising option for the
treatment of Barrett’s esophagus with HGD or intramucosal
cancer, and the early data are promising with regard to the
future risk of cancer progression. Large-scale studies with
long-term follow-up will be needed to fully determine the
ability of this approach to reliably reduce the risk of cancer
development in Barrett’s esophagus.
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