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Abstract

Purpose of Review In this review, we discuss different endo-
scopic techniques in the eradication of Barrett’s esophagus
(BE) as well as some controversies in the field of treatment.
Recent Findings Patients with T1a esophageal adenocarcino-
ma and BE of high-grade dysplasia should undergo endoscop-
ic ablative therapy. The most studied technique to date is ra-
diofrequency ablation. It can be combined with endoscopic
mucosal resection in cases containing nodular and flat lesions.
Cryotherapy and APC have shown promise with good effica-
cy and safety profiles so far, but are not mainstream as more
studies are needed. Surveillance is still required post-ablation
since recurrence is common. Low-grade dysplasia can be
treated with either endo-ablative therapy or surveillance.
Non-dysplastic BE treatment is controversial and so far, only
surveillance is recommended. Research is ongoing to better
risk stratify these patients.

Summary Our ability to diagnose and treat BE has come a
long way in the past few years with the goal of preventing
its progression into malignancy. The advent of endoscopic
techniques in the eradication of BE has provided a less inva-
sive and safer modality of treatment as compared to surgical
esophagectomy. Data in the form of randomized trials and
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high-volume registries has provided good evidence to support
the efficacy of these techniques and their long-term durability.
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Introduction

Barrett’s esophagus (BE), a premalignant condition where the
normal squamous epithelium of the esophagus transforms into
columnar epithelium with intestinal metaplasia (IM), is the
most important risk factor for the development of esophageal
adenocarcinoma. This happens through a sequential progres-
sion from no dysplasia to low-grade dysplasia (LGD) to high-
grade dysplasia (HGD) eventually to invasive cancer. The risk
of this progression from non-dysplastic BE is relatively low
with annual risk of 0.3 to 0.5%; however, once adenocarcino-
ma develops, the 5-year survival is 15% [1, 2e¢]. For this
reason, endoscopic surveillance and treatment of BE is para-
mount. The latest gastroenterology society guidelines recom-
mend endoscopic eradication therapy rather than surveillance
for treatment of patients with confirmed HGD and early ade-
nocarcinoma with endoscopic therapy [3].

Previously, the gold standard of treatment used to be esoph-
agectomy; however, due to high perioperative morbidity and
mortality, it has been largely replaced by endoscopic tech-
niques that are now the current mainstay of treatment. The
goal of endoscopic therapy is complete eradication of
Barrett’s esophagus defined as complete eradication of intes-
tinal metaplasia (CE-IM) and complete eradication of dyspla-
sia (CE-D).

Endoscopic therapies fall under the category of either me-
chanical removal of tissue such as with endoscopic mucosal
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resection (EMR) or ablation techniques currently utilized such
as radiofrequency ablation (RFA), argon plasma coagulation
(APC), or cryotherapy. The aim of this review is to provide an
overview of these endoscopic modalities with a discussion on
the technique, efficacy, long-term durability, and side effects
of each treatment. We will also provide some insight into the
management of LGD and non-dysplastic BE as well as current
controversies and future perspectives on the treatment of BE.

Endoscopic Mucosal Resection
Technique

EMR is considered the treatment of choice for nodular disease in
the esophagus. It can be used alone (complete EMR for resection
of all BE) or, as we will discuss later, as an adjunct to RFA (focal
EMR). The technique is usually performed in two different
methods. The first is known as cap-assisted mucosectomy. This
technique involves injecting saline into the submucosal space,
applying a snare to the lifted area, and suctioning it into a spe-
cialized cap (Fig. 1). The second method is the ligation-and-snare
technique or multiband ligation. A cap with multiple bands is
initially used to suction the abnormal tissue. The bands are then
wrapped around the area and a snare placed below the bands
resects the tissue. These two techniques were compared in a
randomized controlled trial by Pouw et al., who showed that
no significant difference in the depth of resected tissue between
both techniques; however, multiband ligation was more cost-
efficient and had fewer complications [4].

Efficacy

Several studies have been conducted to determine the efficacy
of EMR alone for the resection of all BE. In a large systematic

Fig. 1 EMR of nodular BE
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review and meta-analysis by Tomizawa et al., which pooled 8
studies with 676 patients, data showed that CE-IM and CE-D
following EMR were 85.0% (95% CI, 79.4-89.2%) and
96.6% (95% CI, 94.0-98.1%), respectively [5]. In another
study that had similar results, Konda et al. evaluated 107 pa-
tients with BE who underwent complete EMR, and showed
complete eradication was achieved in 80.4% of patients in the
intent to treat analysis and in 98.8% in the per-protocol anal-
ysis [6]. Furthermore, in a study by Koutsoumpas et al., in
which 91 patients underwent complete Barrett’s EMR, com-
plete Barrett’s excision was achieved in 85.0% of the patients
[7].

The above data show that remission post-EMR is high and
can range between 80 and 98%, making it an appropriate tool
to use in the eradication of nodular BE.

Long-Term Data

Despite short-term efficacy in the eradication of BE with
EMR, long-term data on durability has shown that recurrences
rates are not insignificant. In the same systematic review and
meta-analysis by Tomizawa et al., the rates of recurrence of
IM and neoplasia following EMR were found to be 15.7%
(95% CI, 8.0-28.4%) and 5.8% (95% Cl, 3.9-8.6%), respec-
tively [5]. In another retrospective study by Anders et al. that
followed 90 patients over a period of 3 years, 6.2% had recur-
rence of neoplastic BE and 39.5% of IM after a mean of
64.8 months following EMR [8]. These results indicate that
short-term success does not necessarily translate into long-
term durability, and regular surveillance and follow-up is re-
quired to ensure patients remain free of disease in the long run.

Adverse Events

As with any intervention, EMR is not free of complica-
tions, including stricture formation, bleeding, and perfo-
ration. Again in the above study by Tomizawa et al., stric-
ture formation was shown to be the most prominent ad-
verse event with an incidence of 37.4% (95% CI, 24.4—
52.6%). Bleeding and perforation occurred in 7.9% (95%
Cl, 4.4-13.8%) and 2.3% (95% CI, 1.3-4.1%) of patients,
respectively [5]. Similarly, in the study by Konda et al.,
strictures developed in 41.1%, symptomatic dysphagia in
37.3%, and two patients developed perforation [6].
However, in the study by Koutsompas et al. that used
stepwise resection, 1.1% of patients developed stricture;
one had delayed bleeding, but no perforations were re-
ported [7].

In a retrospective study, Qumseya et al. attempted to iden-
tify the predictors of stricture formation. Of 136 patients, 27%
had stricture formation. The two most important predictors
identified were size of the lesion excised (OR 1.6, p = 0.01)
and number of lesions removed (OR 2.3, p = 0.007). This
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meant that for each 1 cm of tissue removed, there was a 50%
increased odds of developing stricture and for each lesion
removed, there was a doubling of stricture formation [9].

In conclusion, EMR can be a highly effective technique in
the complete eradication of Barrett’s esophagus especially for
shorter BE extents, but if used extensively, can lead to high
rates of stricture formation. It has also been shown that for
longer segments of Barrett’s, the efficacy of the technique is
lower and recurrence rates are higher. For these reasons, EMR
is mostly recommended for patients with short, non-
circumferential segments of Barrett’s and in longer BE, focal
EMR is combined with mucosal ablation.

Mucosal Ablative Therapies

Ablative therapies, as a general principle, rely on neo-
squamous re-epithelization whereby columnar epithelium is
replaced with neo-squamous epithelium. Below, we shall dis-
cuss RFA, cryotherapy, and APC.

Radiofrequency Ablation
Technique

RFA uses radiofrequency energy to deliver heat to diseased
tissue ultimately destroying it and replacing it with neo-
squamous epithelium. RFA devices have come a long way
since the technique was first introduced. One of the more
recent devices that has been developed and is in use is the
Express 360 RFA balloon catheter. It contains a 4-cm bipolar
electrode wrapped around a self-adjusting balloon. The bal-
loon inflates to the size of the esophageal inner diameter, and
the electrodes provide radiofrequency energy to ablate the
targeted tissue. This device simplified the procedure process
by eliminating the need for a sizing process, thereby decreas-
ing the procedure time by 20% as compared to its predeces-
sors that also required a sizing catheter to be inserted before-
hand [10]. There is also a focal ablation device which is used
to treat shorter segments of BE. A recent study by Brown et al.
that compared the effectiveness of focal vs balloon RFA de-
vices found that treatment with the focal device resulted in a
greater percentage reduction in BE length compared to the
balloon system (73 vs 39%, p < 0.01) [11].

Efficacy

RFA has been studied extensively and a myriad of data exist
that supports its use and efficacy making it the leading treat-
ment of flat BE with HGD. The first randomized, multicenter
controlled trial to evaluate RFA treatment of BE was the ab-
lation of intestinal metaplasia (AIM) dysplasia trial wherein

127 patients with BE-related neoplasia (63 HGD and 64 LGD)
were randomized to either RFA or a sham procedure. End
points were assessed at 12 months after RFA treatment every
2 months. Results in the intention to treat analysis showed that
90.5and 81% of patients had neoplasia eradication in the LGD
and HGD groups, respectively, compared to 22.7 and 19%,
respectively, in the sham group. Also, 77.4% of patients had
CE-IM vs 2.3% in the sham group [12e¢].

The AIM study was a landmark trial that paved the way for
other large studies that also evaluated the role and efficacy of
RFA as a treatment modality for BE. In a retrospective study
by Bulsiewicz et al., 244 with BE-related neoplasia were treat-
ed with RFA; 80% achieved CE-IM and 87% achieved CR-D
with 4 patients developing cancer despite RFA treatment [13].
In another large series from 13 European centers with 132
patients, Phoa et al. reported CE-D in 91% of patients and
CE-IM in 88% of patients [14]. Corroborating these results
even more, a meta- analysis by Orman et al., consisting of 18
studies with 3802 patients, showed CE-IM in 78% of patients
and CE-D in 91% of the treated patients [15¢¢]. Data to sup-
port the efficacy of RFA also exists in the real world setting
outside of these controlled trials. Data from the UK RFA reg-
istry with 335 patients with BE-related neoplasia treated at 19
centers showed that 81% achieved CE-D and 62% with CE-
IM at 1 year; however, 3% developed invasive cancer at
12 months and 5.1% had disease progression at 19 months
[16ee].

Long-Term Data

The next step was to evaluate the durability and long-term out-
comes of the procedure. A 3-year follow-up of patients in the
AIM dysplasia trial showed that of the patients available for
follow-up, 98% had complete eradication of dysplasia and 91%
had complete eradication of IM [12¢¢]. Orman et al. reported data
from 262 patients with 155 patient-years of observation, and
during follow-up, the recurrence rate was 5.2%/year with a pro-
gression rate of 1.9%/year [15¢¢]. In addition, Gupta et al. exam-
ined a series of 592 patients over an 8-year period which showed
that 33% of successfully eradicated patients had recurrence after
2 years [17]. Finally, evaluating recurrence rates in the real world
setting, data from the UK registry showed that at 19 months of
follow-up, 5.1% of RFA-treated patients experienced recurrence
of intestinal metaplasia [16+¢]. This collection of data shows that
despite high short-term efficacy rates, there is still a risk of recur-
rence. For this reason, it is the accepted standard of practice that
patients are followed up with periodic endoscopic surveillance
following treatment.

Adverse Events

Even RFA, the preferred treatment for flat neoplastic BE, is
not free of complications. In a systematic review and meta-
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analysis by Qumseya et al., pooled data from 37 studies with
9200 patients showed an adverse event rate of 8.8%. The most
common side effect was stricture development at 5.6%,
followed by bleeding at 1%, and a low rate of perforation at
0.6%. Adverse events were also associated with an increasing
BE length and histology as well as if there was preceding
EMR with the relative risk for adverse events being signifi-
cantly higher for RFA with EMR [18e].

EMR Combined with RFA

As discussed previously, RFA is used for the eradication of non-
nodular BE while EMR is used for resection of nodular neoplas-
tic BE. It happens to be, however, that the majority of patients
with HGD and early cancer will need combination therapy with
EMR plus RFA: removal of nodular lesions as well as eradication
of non-nodular BE concomitantly. The dual use of these tech-
niques allows the removal of focal, nodular areas with EMR and
eradication of remaining flat intestinal metaplasia or dysplasia
with RFA. In a study by Phoa et al. that included 13 European
centers with 132 patients that underwent EMR followed by RFA,
complete eradication of neoplasia was achieved in 92% of pa-
tients and complete eradication of intestinal metaplasia in 87% of
patients. After a median of 27-month follow-up, only 4% had
recurrence of neoplasia and 8% had recurrence of metaplasia
[19]. The UK registry also showed that in patients with
intramucosal cancer who had EMR, preceding RFA recurrence
rates were lower as compared to RFA alone (4 vs 78%, respec-
tively, p = 0.01). The above data demonstrates that when EMR is
used prior to RFA, then efficacy rates and durability are improved
as compared to RFA alone [20].

The other question is whether there is a difference between the
safety and efficacy of focal EMR followed by RFA vs complete
EMR alone. Desai et al. attempted to answer that question in a
systematic review that included 9 studies (774 patients) of focal
EMR + RFA and 11 studies (751 patients) using complete EMR.
The authors demonstrated that both techniques had high BE
eradication rates (CE-N 93.4%; CE-IM 73.1%) and (CE-N
94.9%; CE-IM 79.6%), respectively. However, complete EMR
had higher rates of adverse events as compared to focal EMR +
RFA with an OR of 4.73 for developing esophageal stricture
(95% CI, 1.61-13.85; p = 0.005), OR of 7 for perforation
(95% CI, 1.56-31.33; p = 0.01), and OR of 6.88 for bleeding
(95% CI, 2.19-21.62; p = 0.001) [21ee].

Cryotherapy
Technique

Cryotherapy involves delivery of a cryogen causing destruc-
tion of tissue due to extremely cold temperature. Two

@ Springer

currently available devices have been evaluated for the treat-
ment of BE patients: The #rue freeze system that uses low-
pressure liquid nitrogen (CSA Medical, Maryland) and the
C2 cryoballoon which uses carbon dioxide (C2
Therapeutics, California) delivered by spray catheter.

Efficacy

Data from a multicenter, prospective open-label registry using
cryotherapy showed that in patients with LGD, rates of CE-D
and CE-IM were 91 and 61% whereas in patients with HGD,
CE-D and CE-IM rates were 81 and 65%, respectively.
Furthermore, this study demonstrated that in patients with
short-segment BE with any dysplasia, CE-D was achieved in
97% and CE-IM in 77% of patients [22]. In a recent retrospec-
tive, non-randomized study where cryotherapy was used as
salvage therapy following failed RFA, the 1-year response rate
was found to be 77% for cancer, 89% for dysplasia, and 94%
for HGD [23].

Long-Term Data

In a single-center, retrospective study by Ramay et al., the
long-term durability and recurrence rates of cryotherapy were
assessed at 3 and 5 years. The incidence rates per person-year
follow-up of intestinal metaplasia, dysplasia, and HGD were
found to be 12.2, 4, and 1.4%, respectively. Progression to
adenocarcinoma was not common and most recurrences were
successfully treated. These data, again, do indicate however
that long-term surveillance is required to monitor for possible
disease recurrence even after successful cryotherapy [24].

Adverse Events

In general, cryotherapy has been shown to have a reasonable
safety profile. Results from the national cryospray registry
showed that none of the patients developed perforation or
procedure-related death. Only 1 of 96 treated patients devel-
oped a stricture that did not require dilatation [21¢°]. In a
recent study by Canto et al. evaluating the safety and efficacy
of cryotherapy, the overall adverse event rate was 9%—these
mainly included post-procedural pain. No stricture, bleeding,
or perforation was noted [25].

Argon Plasma Coagulation

Technique

Argon plasma coagulation relies on non-contact thermal ener-
gy to ablate tissue. With the use of a probe passed through an

endoscope, argon gas is ionized and then, an electric current is
conducted through the jet of ionized argon resulting in
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coagulation of tissue. This technique, similar to other ablative
techniques, can result in stricture formation. For this reason,
hybrid APC has been introduced as a way to decrease rates of
stricture formation. Hybrid APC consists of injecting saline in
the submucosa, thereby protecting the deeper esophageal
layers from injury.

Efficacy

The efficacy of APC has been studied in several trials; one of
which is the APE study, a randomized study that compared
APC with surveillance following endoscopic resection of the
neoplastic BE lesions. Results in 63 patients showed signifi-
cant decrease in secondary lesions in the APC-treated patients
as compared to surveillance (3 vs 36.7%, respectively,
p =0.005) [26°¢]. Besides showing the efficacy of APC, this
study also emphasized the need for the eradication of the en-
tire BE segment even after the worst neoplastic areas are re-
moved by EMR.

The efficacy of hybrid APC has also been shown to be on
par with APC, but with lower rate of complications. In a pilot
series by Manner et al., at a tertiary center that included 50
patients, 96% achieved macroscopic and 78% achieved histo-
pathologic eradication [27].

Long-Term Data

Long-term data of APC in BE patients has been reported by
some studies. One of the earlier studies was conducted by
Kahaleh et al. with a median follow-up of 36 months. Of 39
patients with BE who underwent APC, over 50% of patients
had endoscopic or histological relapse [28]. In another study
by Sharma et al., 19 patients treated with APC, 70% of pa-
tients showed complete reversal of BE (endoscopic and histo-
logical) at 2 years of follow-up [29]. Finally, Bright et al.
followed up patients for 5 years in a randomized trial and
demonstrated that 70% of patients continued to have regres-
sion of their BE [30]. Long-term results after hybrid APC
therapy are awaited.

Adverse Events

The most notable side effect of APC is stricture formation. In
general, it has been reported that stricture formation occurs in
4-9% of the treated patients [26, 31]. However, with hybrid
APC, Manner et al. reported only one treatment-related stric-
ture (2%) with minor adverse events observed in 22% of pa-
tients (dysphagia, odynophagia, pain, fever with a duration of
< 24 h, bleeding without transfusion need, or a decrease in the
Hb level of < 2 g/dl) [26°¢]. An ex vivo head to head compar-
ison of APC and hybrid APC demonstrated that the hybrid
technique caused half of the coagulation depth as compared to

APC confirming the notion that hybrid APC causes less injury
to tissue [32].

Areas of Further Research
Predictors of Response to Endoscopic Therapy

Several predictors of successful response rate to BE endoscop-
ic therapy have been studied. In a study by Pasricha et al. that
used the US RFA registry with 5521 patients, it was found that
BE recurred in 20% of patients after CE-IM (follow-up
2.4 years). Older age (OR 1.02 per year; 95% CI, 1.01-
1.03), non-Caucasian race (OR 2.00; 95% CI, 1.2-3.34), and
increasing BE length (OR 1.1; 95% CI, 1.06-1.15) were all
reported as risk factors for recurrence [33].

In a study from the Netherlands by Van Vilesteren et al.,
four independent predictors of poor response were identified:
active reflux esophagitis (OR 37.4; 95% CI, 3.2-433.2), en-
doscopic mucosal resection scar regeneration with new
Barrett’s mucosa (OR 4.7; 95% CI, 1.1-20), esophageal lu-
men narrowing pre-RFA treatment (OR 3.9; 95% CI, 1-15.1),
and years of neoplasia pre-RFA treatment (OR 1.2; 95% CI,
1-1.4) [34]. Finally, data from the UK registry demonstrated a
15% less likelihood of reversal of dysplasia for every 1-cm
increase in BE length (OR 1.15; 95% CI, 1.07-1.26) [16e°].

In summary, although a number of factors have been used
to predict response or recurrence after BE endotherapy, be-
sides the length of the BE segment, no other consistent factors
have been determined.

Management of LGD

The role of endoscopic therapy in the management of LGD
has shifted in the past few years. Until recently, the approach
to LGD was a reserved one given lack of strong progression
data, predictors of progression, and continued challenges with
the pathological interpretation of LGD. However, some recent
data has shifted this outlook.

A multicenter randomized controlled trial by Phoa et al.
evaluated the risk of progression to HGD/cancer in two
groups of LGD patients, one treated with RFA and the other
underwent surveillance without ablation. The diagnosis of
LGD was confirmed by two to three expert GI pathologists.
From an initial LGD population of 511, only 247 met the
“actual” diagnosis of LGD. The risk of progression, at 1 year,
was 1.5% in the RFA-treated patients and 26.5% in the sur-
veillance group [10]. In a retrospective study by Small et al.,
the risk of progression of LGD to HGD and to esophageal
adenocarcinoma was significantly lower in patients treated
with RFA vs surveillance with a hazard ratio of 0.06 (95%
CI, 0.008-0.48) [35].
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With that said, one of the biggest hurdles in the manage-
ment of patients with LGD is the ambiguity of diagnosis.
There is an extremely high intra/inter-observer variability in
establishing the presence of LGD. Montgomery et al. showed
that even amongst experienced academic pathologists, the
kappa value for diagnosis of LGD was 0.32 [36¢]. In a recent
European study that included 147 LGD patients, 85% were
downgraded to a diagnosis of no dysplasia after slide review
by two expert pathologists [37]. Finally, in a retrospective
review of LGD patients being treated endoscopically, of 255
patients who had LGD that was persistent and confirmed by
three pathologists, there was a high risk of progression to
HGD or EAC reaching 18%. The risk of progression correlat-
ed positively with the number of pathologists that confirmed
the diagnosis of LGD with OR of 47.14 [38].

Since the decision to treat LGD is based upon histopatho-
logical findings, it is important to confirm the diagnosis with a
second pathologist who is experienced in the diagnosis of BE,
to ensure that there are no synchronous visible lesions and that
LGD is persistent on the subsequent endoscopy. Recently,
published guidelines support this concept in patients with
LGD [3].

Non-Dysplastic BE

There has long been a controversy regarding the management
of NDBE with respect to endoscopic therapy. Given that more
recent studies have shown that the risk of progression of
NDBE is as low as 0.16-0.4% per year [1, 2], the recommen-
dations have now leaned toward surveillance rather than treat-
ment of such lesions. Studies evaluating the cost effectiveness
of treatment vs surveillance have concluded that ablation ther-
apy is not cost effective for NDBE and is thus not recommend-
ed [39]. There have been attempts to risk stratify patients into
high- and low-risk groups with the aim of offering the high-
risk group treatment rather than just surveillance. This has
been an active area of research with several investigators
studying the role of biomarkers while others attempting to
determine clinical and epidemiological characteristics that
can be predictive of risk.

Conclusions

Endoscopic therapy of BE is an ever-changing and evolving
field. To date, several methods have shown promise in their
ability to induce neo-squamous epithelization and eradicate
lesions that have a potential for cancerous progression. EMR
is the go-to method for the eradication of visible, nodular
lesions. It has shown high efficacy ranging between 80 and
98%, but wide spread/complete EMR can be associated with
increased stricture formation. For flat BE mucosa that needs to
be treated after focal EMR, the most studied and most widely
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used technique thus far is RFA with high efficacy data that has
been reproduced by several large studies. Its use with EMR
has proven to be useful for the eradication of lesions that have
both flat and nodular components. Cryotherapy appears to be
a promising technique so far with relatively safe side effect
profile. However, interpreting the published data thus far is
tricky, given that most patients reported have been chosen
after failing other ablative techniques. APC seems to be an
easy to use and safe technique especially the novel hybrid
APC; however, long-term data are awaited. All techniques
have been associated with some risk of persistent disease
and variable rates of recurrences. Thus, in all patients post
endoscopic therapy, surveillance is still required to ensure
there is no recurrence of lesions. Guidelines have also recently
changed to reflect the growing evidence of the role of ablation
in LGD. A critical issue, though, is the confirmation of the
diagnosis by two expert pathologists and to show the persis-
tence of LGD before proceeding with definitive treatment.
The future of BE eradication is a promising one with several
advances looming at the horizon as more cutting-edge re-
search pushes the envelope of therapy and surveillance one
step closer to complete eradication.
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